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In the early 1980s, Bernie Fields originated the idea of a virology reference textbook that 
combined the molecular aspects of viral replication with the medical features of viral 
infections. This broad view of virology reflected Bernie’s own research, which applied 
molecular and genetic analyses to the study of viral pathogenesis, providing an important part 
of the foundation for the field of molecular pathogenesis. Bernie led the publication of the 
first three editions of Virology, but he unfortunately died soon after the third edition went into 
production. The third edition became Fields Virology in his memory, and it is fitting that the 
book continues to carry his name. 


A number of changes and enhancements are being introduced with the seventh edition of 
Fields Virology. The publication format of Fields Virology has been changed from a once 
every 5 to 6 years, two volume book to an annual publication that comprises approximately 
one-fourth of the chapters organized by category. The annual publication will be both a 
physical book volume and importantly an eBook with an improved platform. Using an eBook 
format, our expectation is that individual chapters can be easily updated when major 
advances, outbreaks, etc., occur. The editorial board organized a four-volume series for the 
seventh edition consisting of volumes on Emerging Viruses, DNA Viruses, RNA Viruses, and 
Fundamental Virology, which will be published on an annual basis, with the expectation that 
the topics will then cycle every 4 years creating an annualized, up-to-date publication. Each 
volume will contain approximately 20 chapters. 


The first volume of this seventh edition of Fields Virology, entitled Emerging Viruses, has 
been edited principally by Sean Whelan. There have been continued rapid advances in 
virology since the previous edition 6 years ago, and all of the chapters in the Emerging 
Viruses volume are either completely new or have been significantly updated to reflect these 
advances. In this seventh edition, we have chosen to highlight updated lists of references 
while maintaining older classics. The main emphasis continues to be on viruses of medical 
importance and interest, but other viruses are described in specific cases where more is 
known about their mechanisms of replication or pathogenesis. 
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Jemma L. Geoghegan * Edward C. Holmes 
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INTRODUCTION 


Although Charles Darwin preempted many of the great questions in evolutionary biology, he 
wrote little about viruses. Of course, viruses were not formally identified until a full decade 
after Darwin’s death and, aside from some brief discussion of the origins of yellow fever, his 
writings make scant reference to what we now know are diseases caused by viruses. This is a 
great historical shame because it seems certain that Darwin would have held viruses up as 
some of the best exemplars of evolution by natural selection, with the evolutionary process 
sometimes so rapid that it can be effectively followed in “real time” by observant 
researchers.91:100,236 


Although evolutionary analysis arrived relatively late in the science of virology, the study 
of virus evolution has become one of the most rapidly growing and successful aspects of 
moder microbiology. The blossoming of evolutionary virology is largely due to two 
developments. First, viruses, and especially those that possess RNA genomes, have become 
remarkably powerful research tools for the study of evolutionary processes. The utility of 
RNA viruses in this respect is a function of the fact that they usually evolve extremely 
rapidly, they are easy to manipulate in vitro and in vivo, mutations in their genomes can have 
large and measurable effects on phenotype, and they possess such small genomes that the 
mutations associated with any phenotypic change can sometimes be determined relatively 
easily.°*47 It is therefore no surprise that a growing number of evolutionary researchers are 
turning to viruses as model systems. For example, studies of viruses represent one of the few 
cases in which biologists have been able to achieve two of the great aims of modern 
evolutionary genetics: to measure the fitness effects of individual mutations,***”2*° and to 
determine the nature of the epistatic interactions between these mutations.**° Second, the 
rapidity of virus evolution has acted as a direct stimulus for the development of phylogenetic 
methods that are able to incorporate information on the exact time of sampling of the 
sequences in question, allowing the spread of viruses through populations to be carefully 
tracked and in turn revolutionizing molecular epidemiology.°?!°°!>* Similarly, many of the 
computer programs designed for the evolutionary analysis of genome sequence data were 
first applied to viruses, such that determining the origin and pathways of spread of specific 
viruses over epidemiologic time has become a relatively exact science with a myriad of 
potential applications. The advent of next-generation sequencing and metagenomics promises 
even more rapid advances in this area, potentially enabling the analysis of many thousands of 
sequences with detailed associated clinical and epidemiological metadata.'!° An important 
spin-off from these studies has been new insights into the patterns and processes of virus 
evolution./!? In sum, although their focus is very different, the combination of experimental 
analyses of model viruses as a means to understand the intricacies of the evolutionary process 
and studies of molecular epidemiology and phylogeography based on the comparative 
analysis of virus genome sequence data to document patterns of virus spread has told us a 
great deal about the nature of virus evolution (Fig. 1.1). Evolutionary virology has blossomed 
into a well-developed science. 
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Figure 1.1 The different scales over which studies of virus evolution can be 
performed, using both experimental and comparative (i.e., largely phylogenetic) 
approaches, and the evolutionary processes that occur at each scale. These range 
from analyzing short-term intrahost evolution, through the interhost transmission 
bottleneck, to analyses of the initial host contact network within an infected 
population, and finally out to the meta-population scale, representing long-term 
virus evolution as often considered in the fields of molecular epidemiology and 


phylogeography. 


Despite advances on multiple fronts, some fundamental aspects of viral evolution remain 
unknown, contentious, or both, which will be highlighted in this chapter. There are still major 
debates over some of the key mechanisms of evolutionary change in viruses, particularly the 
exact roles and frequency of mutation, natural selection, genetic drift and recombination as 
forces of evolutionary change.'!° Similarly, although we know a great deal more about the 
origin of viruses than we did a generation ago, particularly through the analysis of highly 
conserved protein structures, exactly when and how viruses first evolved, whether this 
occurred before or after the appearance of the first cellular organisms, what a precellular 
world might have looked like, and even if viruses should be classified as living are sources of 
major debate.®!!41162,184 Th part, this debate highlights our profound ignorance of the total 
universe of viruses—the virosphere. For example, does the apparent absence of RNA viruses 
in Archaea (besides a single highly debatable case**) mean that they never existed in these 
organisms, that they have been selectively removed, or that they are too divergent in 
sequence to detect using the standard sequence-similarity searching methods like BLAST? 
We also remain ignorant of a number of key aspects of the patterns and processes of DNA 
virus evolution, particularly whether common principles can be applied to DNA viruses that 
differ so fundamentally in size and genome structure and which likely have different origins, 


and even how large the genome sizes of the largest DNA viruses can be. It is hoped that the 
rise of metagenomics will enable us to sample far more of the virosphere, and it has already 
led to the discovery of a multitude of diverse viruses and a changing view of the fundamental 
patterns and processes of virus evolution.**-**! Finally, the time scale of evolutionary history 
in many viruses is unclear, with very different inferences drawn from the study of virus 
distributions among hosts and of endogenous viruses, which are usually indicative of ancient 
origins,*°’ or the molecular clock analysis of recently sampled and often rapidly evolving 


viral genomes, which usually paint a picture of very recent origins.?>!'! Fortunately, 
metagenomics has already provided important insights into this area (see below). 


Aside from their ability to inform on evolutionary processes, there are a variety of 
practical reasons why the study of virus evolution matters. It is likely that a better 
understanding of the exact processes of evolutionary change in viruses will assist in the 
development of improved strategies for their treatment and control and for understanding the 
origin and spread of newly emerged pathogens. For example, knowledge of the factors that 
impact how viruses diffuse at the epidemiologic scale represents useful information for any 
emergent virus,!!° while knowing whether natural selection or genetic drift largely controls 
how mutations spread through a population is essential to understanding the likelihood and 
rate that a specific drug resistance mutation will become established.'°° Similarly, it is likely 
that a better understanding of the origin of viruses will be essential to obtaining a more 
precise picture of the earliest events in the early history of life on earth, including the genesis 
of both RNA and DNA, as it seems reasonable to suppose that some of the earliest replicators 
resemble what we now know as viruses. 


The future of evolutionary virology is strong. The development and continued refinement 
of next-generation sequencing and metagenomic methods will doubtless provide 
unprecedented amounts of data for evolutionary study and stimulate the development of new 
analytical methods for use in all genetic systems. Innovations in experimental studies of virus 
evolution will continue, addressing ever more intricate questions, increasingly considering in 
vivo systems, and providing broad-scale evolutionary insights particularly when linked with 
comparative data. Metagenomic studies of the virosphere will give a powerful new 
perspective on virus biodiversity and evolution, providing important new information on 
virus ecology, origins, and cross-species transmission and emergence. It therefore seems easy 
to predict that our understanding of viral evolution a decade from now will be very different, 
and more complete, than it is today. 


THE ORIGINS OF VIRUSES AND PATTERNS OF 
VIRUS EVOLUTION 


The Origins of Viruses 


Of all topics in the study of virus evolution, determining exactly how and when viruses first 


evolved is perhaps the most challenging. The main hindrance to progress in this area is that 
viruses likely originated so long ago, perhaps even before the first cellular species, that the 
signal of ancient evolutionary history that can be recovered through phylogenetic analysis 
has largely been eroded. This is particularly true for RNA viruses in which rapid rates of 
evolutionary change ensure that phylogenetic signal is quickly lost. Accordingly, each 
individual amino acid and nucleotide site in a viral genome has accumulated so many 
substitutions since its origin that accurate phylogenetic inference, and hence establishing 
evolutionary links, becomes a highly challenging, if not impossible, task. For this reason, 
sequence-based phylogenies have proven to be blunt tools for the study of viral origins, 
although signs of common ancestry may still reside in aspects of protein structure. 


Despite the inherent limitations to understanding viral origins, a number of important 
theories have been proposed for the genesis of both RNA and DNA viruses, which continue 
to be debated to this day. Two such theories currently dominate discussions in this area; first, 
that viruses have a precellular origin, such that they are billions of years old, and may have 
even contributed to some of the fundamental architecture of the first cells; second, that 
viruses evolved after the first cellular organisms as “escaped genes” that acquired capsid 
proteins and the ability to replicate autonomously!” (Fig. 1.2). Although a third hypothesis 
—that viruses are regressed copies of cellular species that have shed those genes whose 
functions are provided by the host—has also been proposed, most notably in the case of the 
giant mimiviruses of amoeba,!*!*+ this hypothesis does not appear to be of general 
applicability. For example, the gene contents of RNA viruses and cellular species have almost 
no overlap, whereas under the regressive theory, virus genes should have their ancestries in 
cellular genomes. In addition, although often discussed as such, these theories of viral origins 
are not mutually exclusive, and it is plausible that while some viruses predate the appearance 
of the first cells, others appeared more recently. 
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Figure 1.2 Schematic representation of two competing models for the origin of 
viruses. A: The precellular origin theory, in this case depicting the origin of RNA 
viruses. B: The escaped gene theory. Cellular genomes are represented by 
rounded rectangles, and the simplest model virus is shown here to comprise 
replicase (R) and capsid (C) genes only. (Adapted from Holmes EC. The 
Evolution and Emergence of RNA Viruses. Oxford: Oxford University Press, 
2009, by permission of Oxford University Press.) 


For many years, the escaped gene theory dominated discussions on virus origins.!!016*-185 


Support for this theory was often based on the idea that as viruses are, by definition, obligate 
parasites of host cells now, they must have always been so, such that cells must have evolved 
before viruses. However, this idea is easy to refute. Because it is commonly thought that the 
first replicating molecules resided in an “RNA world” that existed before the evolution of 
DNA,” it is easy to believe that the lineages that gave rise to modern RNA viruses originated 
from such ancient self-replicating RNA molecules and parasitized cells at a later date. 
Important evidence for the existence of an RNA world is that ribonucleotides can be 
synthesized de novo under conditions that might replicate those of early Earth.*!° In most 


cases, the escaped gene theory was also taken to mean that viruses could have escaped from 
host cells on multiple occasions. This is an attractive idea given the huge (and growing) 
phylogenetic and phenotypic diversity seen in viruses and that there is no one gene that 
characterizes all viruses. For example, an early idea was that eukaryotic viruses had escaped 
from eukaryotic cells, while bacteriophages had escaped from bacterial cells.*!! Similarly, it 
is possible that RNA, DNA, and perhaps retroviruses represent independent episodes of host 
gene escape, and it is clear that small ssDNA and large dsDNA viruses have little in common, 
strongly suggestive of independent origins. 


However many different origins are postulated, the same general mechanisms are thought 
to have occurred: that a host gene that possessed or acquired the ability to self-replicate 
escaped from the cell, acquiring a protein coat on the way, eventually evolving into an 
autonomously replicating entity. For example, RNA viruses, particularly those with single- 
strand positive-sense RNA (ssRNA+) genomes, might be descended from escaped cellular 
messenger RNA (mRNA) molecules that either possessed or evolved RNA polymerase 
activity, while DNA viruses could be descended from DNA transposable elements or 
bacterial plasmids. It is also the case that all forms of the escaped gene theory make two 
important predictions: first, that most virus genes, including the capsid and replicase proteins, 
ultimately have their ancestries in cellular genomes, and second, because escape events could 
have occurred multiple times, viruses do not have a single (i.e., monophyletic) origin. In 
other words, there is no single phylogeny linking all types of virus, as is easily argued from 
the huge diversity of viruses described today. In theory, both of these predictions are testable, 
although in practice this is greatly inhibited by the enormous sequence divergence among 
viruses. 


A number of pieces of data have been used to support the idea that viruses had multiple 
origins after the appearance of cells. At the level of primary amino acid sequence, there is 
currently no robust sequence-based phylogeny for either RNA or DNA viruses, nor any gene 
that contains statistically significant sequence similarity at such vast evolutionary distances. 
Although there have been attempts to infer the evolutionary history of RNA viruses based on 
phylogenetic analyses of the RNA-dependent RNA polymerase (RdRp), the phylogenies in 
question are highly uncertain at the deepest branches, such as those linking the different 
orders of ssSRNA+ and ssRNA~- viruses, where there is often no more sequence similarity 
than expected by chance alone, greatly compromising these analyses including reliable 
sequence alignment.'!**”* Importantly, however, lack of phylogenetic resolution is not the 
same thing as an absence of common ancestry, and it is more likely that the inability to 
accurately infer the evolutionary history of all RNA viruses simply reflects extreme levels of 
sequence divergence. Indeed, it is striking that the RdRp sequences assigned to different 
RNA virus families still share a number of short, signature, amino acid motifs (such as a 
highly conserved GDD motif), some of which are also found in the RT protein used by 
retroviruses.”° °° Such conservation, albeit fragmentary, suggests that these replicatory 
proteins are distantly related. Unfortunately, these motifs are too short to allow the inference 
of robust phylogenetic trees. Even more notable is that recent analyses of protein structures 
have revealed strong similarities between viruses that exhibit no primary sequence 


similarity,’' including between RNA and DNA viruses, that again argues for their common 
ancestry (see later). 


In the case of RNA viruses, early phylogenetic analyses of RdRp sequences combined 
with information on gene order and content were used to construct higher level classification 
schemes encompassing multiple viral families. For example, one such early study suggested 
that RNA viruses be classified into the alpha-like, carmo-like, corona-like, flavi-like, picorna- 
like, and sobemo-like “supergroups,” each of which is characterized by a conserved gene 
order, distinctive 5’ and 3’ genome structures, and clustered together in RdRp phylogenies.*° 
Similarly, there is now considerable effort devoted to establishing orders and even higher 
level taxonomic ranks in viruses, although how these relate to each other is far less certain 
because of the huge genetic distances involved. Indeed, all-encompassing RdRp phylogenies 
are of debatable validity.''>?”° For example, the ssRNA viruses are now classed as a phylum 
(the Negarnaviricota), containing subphyla, classes, and multiple orders (such as the 
Mononegavirales). Unfortunately, it is also difficult to infer phylogenetic trees using aspects 
of genome composition like gene order and content because these characteristics differ so 
dramatically among viral families and in the case of RNA viruses contain too few genes to be 
informative. Because of these inherent difficulties, deep interorder phylogenies of RNA 
viruses have in reality told us little about their origins. 


In contrast, interfamily phylogenetic analyses of DNA viruses have generally proven 
more successful, in large part because the reliance on high-fidelity DNA polymerases for 
replication means that dsDNA viruses exhibit lower rates of nucleotide substitution and 
hence preserve the phylogenetic signal for longer time periods. For example, a number of 
families of large dsDNA viruses (i.e., those with genomes >100 kb) clearly possess common 
ancestry such that they can be classified as nucleocytoplasmic large DNA viruses (NCLDVs), 
currently comprising ascoviruses, asfarviruses, iridoviruses, marseilleviruses, mimiviruses, 
phycodnaviruses, and poxviruses, with newly identified viruses such as pandoraviruses, 
pithoviruses, and molliviruses, also likely to be classified as new families.°°!*4 In other DNA 
viruses, elements of capsid protein structure have been used to link herpesviruses with tailed 
bacteriophages,!”? while there are clear evolutionary links between the Papillomaviridae and 
Polyomaviridae families of small dsDNA viruses.*°? However, there is no single phylogeny 
that encompasses both single- and double-stranded DNA viruses, which again reflects the 
great divergence between these very different types of virus that share no genes in common 
and differ massively in genome size. More starkly, it is even difficult to infer phylogenetic 
trees that link all the large dsDNA viruses that infect eukaryotes.!7° 


The second component of the escaped gene theory—that most virus proteins ultimately 
have a host origin—is equally difficult to resolve. The two most important proteins in this 
respect, as they essentially define viruses, are the polymerase (a defining feature of all RNA 
viruses that carry an RdRp or RT) and those that make up the capsid (a defining feature of 
viruses). The case of the DNA polymerases used by DNA viruses is the easiest to discuss in 
this context as these enzymes are of the same form, and hence ancestry, as those used by 
cellular species (i.e., they are classified within the same polymerase families), and small 


DNA viruses utilize the host DNA polymerases for replication. However, while it is clear that 
these host and virus DNA polymerases are related,’~!*? the position of the root and therefore 
the direction of evolutionary change, in phylogenetic trees of DNA polymerases is uncertain. 
Hence, it is difficult to determine whether DNA polymerases are ultimately of host or viral 
origin,*°° particularly as DNA polymerases may also have been involved in ancient lateral 
gene transfer (LGT) events.” 


A similar discussion can be mounted in the case of RT. Proteins that function as RT are a 
common component of cellular genomes in the form of telomerase, the group II (self- 
replicating) introns observed in a variety of bacterial species, not to mention the abundant 
retroelements found in many cellular species, as well as a variety of other genetic elements. 
Importantly, there are recognizable sequence similarities between the RTs of viruses and 
those that reside in host genomes, such that it is possible to infer phylogenetic trees 
containing both.**°* These trees have revealed a number of interesting features, including a 
major division between the long terminal repeat (LTR) and non-LTR retrotransposons, with 
retroviruses most closely related to the LTR retrotransposons, and that hepadnaviruses and 
caulimoviruses (small dsDNA viruses that utilize RT) have independent origins and are 
probably from LTR retrotransposons. However, as with the case of the DNA polymerases, the 
lack of an outgroup makes the rooting of these phylogenies uncertain, so whether viral RT 
genes preceded those present in cells or vice versa is difficult to determine.© 


The situation is far more complex when it comes to the origin of the RdRp used by RNA 
viruses. Although the cells of some eukaryotic species contain proteins that function as 
RdRps, particularly those involved in the production of microRNAs, these exhibit little 
similarity with the RdRps encoded by viruses, even at the structural level.'*° Similarly, 
cellular DNA polymerase (Pol) II, which catalyzes the synthesis of RNA from DNA, 
possesses RdRp activity!*? yet shares little similarity with the RdRp utilized by RNA viruses, 
such that their evolutionary origins are currently impossible to resolve. Clearly, determining 
the evolutionary relationships among these highly diverse polymerase proteins represents a 
major technical challenge. 


Another challenge for the escaped gene theory is that there is little evidence of its 
defining process—host gene escape. A highly informative example concerns the HDV agent, 
the ribozyme of which shows sequence similarity to the CPEB3 ribozyme found in a human 
intron sequence.**? That HDV was until recently only found in humans and thought to 
always require hepatitis B virus (HBV) for replication suggested that its origins lay with the 
human genome.**? However, it has now been shown that viruses other than HBV can act as 
helpers for HDV replication,7°° and close relatives of HDV have recently been discovered in 
both ducks and snakes with no evidence of HBV coinfection.'°”7°° These results indicate 
that HDV has a far longer history as an exogenous replicating virus and hence poses a major 
challenge to the escape gene theory. 


There has also been considerable debate over the significance of the giant DNA viruses 
for understanding viral origins, particularly those from the families Mimiviridae and 


Pandoraviridae. For example, although phylogenetic analysis has shown that a small 
proportion (<1%) of mimivirus genes are of host origin, which has been used as support for 
the idea that viruses are “gene pickpockets” that originated after cellular species,'®?!** at 
least 25% of the approximately 1,000 genes in mimivirus clearly link it to the NCLDV group 
of large DNA viruses,!*° while an even larger set of genes (~70% at the time of writing) have 
no known homologs in either viral or cellular genomes.’* A similar proportion of family- 
unique genes have been reported in the Pandoraviridae which are proposed to have arisen 
through a process of de novo creation within these viruses. ‘4° 


Finally, it is striking that, at the time of writing, there is no clear-cut evidence for the 
presence of RNA viruses in Archaea (although there is one disputed case~*). This could mean 
that either RNA viruses arose as escaped genes after the divergence of Archaea from other 
cellular species or that temperature constraints have led to a major reduction in the frequency 
of RNA viruses in hyperthermophilic Archaea,*’* although this does not explain their 
absence in nonthermophiles. An alternative, and perhaps more likely, explanation is that 
RNA viruses do exist in Archaea but have simply not been detected as yet, perhaps in large 
part because they are so divergent in sequence as to be “invisible” in metagenomic studies 
that rely on simple sequence comparisons. 


The competing theory for the origin of viruses, for which there is growing evidence and 
making it the most likely, is that viruses originated before the last universal cellular ancestor 
(LUCA) and represent the modern descendants of the earliest time in earth’s history. Hence, 
modern RNA viruses would be descendants of replicating elements from the RNA world, 
while DNA viruses would be remnants of the first DNA replicators, and retroviruses perhaps 
descendants of the first molecules that made the transition from RNA to DNA. For example, 
because they lack protein-coding regions, possess ribozyme activity, exhibit complex 
secondary structures, and mutate very rapidly, viroids have been suggested to be potential 
candidates for extant descendants of the RNA world.°’ However, although the earliest RNA 
replicators may share some features with contemporary viroids, because viroids are currently 
only seen in plants and likely replicate with the assistance of host cellular DNA Pol II makes 
it more likely that they represent escaped host genes or introns that never acquired protein 
coats. Whether metagenomic studies will identify viroid-like sequences in host organisms 
other than plants is obviously a key topic for the future. 


There are a number of ideas for what the pre-LUCA world may have looked like, 
although all reasonably assume that this precellular stage of evolutionary history contained 
genetic elements less complex than the viruses we see today. One theory is that there was an 
ancient virus world of primordial replicators that existed before any cellular organisms and 
that both RNA (first) and DNA (later) viruses originated at this time.‘*! These ancient 
“viruses” may even have provided some of the features that characterized the first cellular 
organisms. For example, it has been proposed that the eukaryotic cell nucleus is derived from 
a virus envelope (the so-called viral eukaryogenesis hypothesis).!° An alternative theory for 
the pre-LUCA world is that RNA cells existed before the LUCA, that RNA viruses 
parasitized these hypothetical RNA cells, and that DNA evolved later as a way of escaping 


host cell responses.®? Although fascinating, such theories are unfortunately extremely 
difficult to test. 


As sequence-based phylogenetic trees cannot provide insights into the pre-LUCA world, 
the main evidence for the precellular theory of virus origins is the presence of conserved 
genes, and more notably protein structures, among divergent viruses. In fact, arguably one of 
the most important advances in viral evolution has been the discovery of protein structures 
that are conserved among diverse viruses that possess little, if any, primary sequence 
similarity.‘ For example, a conserved palm subdomain protein structure, consisting of a 
four-stranded antiparallel 6-sheet and two a-helices, is found in both RNA-dependent and 
DNA-dependent polymerases.”? A more important case in point concerns the jelly-roll 
capsid, a tightly structured protein barrel that forms the major capsid subunit of virions with 
an icosahedral structure. Remarkably, the jelly-roll capsid is found in the virions of both 
RNA and DNA viruses, including such diverse groups as herpesviruses (dsDNA), 
picormnaviruses (ssRNA+), and bimaviruses (dsRNA).'**? Such conservation is strongly 
suggestive of an ancient common ancestry. Other highly conserved capsid architectures that 
strongly argue for ancient origins include the PRD1-adenovirus lineage, which is 
characterized by a double f-barrel fold and found in dsDNA viruses as diverse as 
bacteriophage PRD1, human adenovirus, and a variety of archaean viruses; the BTV-like 
lineage, which is found in some dsRNA viruses including members of the Reoviridae and 
Totiviridae; and the HK97-like lineage, which encompasses tailed dsDNA viruses that infect 
archaea, bacteria, and eukaryotes.!%29.'4* Finally, a common virion architecture has been 
proposed for some viruses that do not possess an icosahedral capsid, including the archaean 


virus Halorubrum pleomorphic virus type 1 (HRPV-1).2° 


Although such structural conservation seems to provide a compelling argument for the 
antiquity of viruses, it has been suggested that any similarities in protein structure could have 
arisen more recently due to either strong convergent evolution or LGT.'®* While it is 
theoretically possible that convergent evolution may occur relatively frequently in viral 
capsid proteins that may be subject to strong selection to be small and perhaps of a specific 
shape, such large-scale convergence seems highly unlikely given that the similarity in capsid 
structure covers a huge range of viral taxa. As a consequence, multiple convergent events 
need to be invoked from very different starting points, and the more convergent evolution 
that is required, the less likely it becomes. Although metagenomic data have provided greater 
evidence that LGT occurs more frequently in viruses than previously thought (see below), it 
seems unlikely that such a fundamental trait as the viral capsid would move so freely 
horizontally, although this view may change with increased sample size. In conclusion, the 
presence of structural similarities among highly divergent viruses currently constitutes the 
strongest evidence that viruses have a precellular origin. 


The Time Scale of Virus Evolution 


While our understanding of viral origins is vague, rather more is known about the antiquity 
of those families of viruses that circulate today. Although viruses lack a fossil record, a 


growing number of studies of the host distribution of viral families have provided important 
insights into how long they have been in existence, which in many cases means times of 


origin hundreds of millions of years ago.** 


There are four ways in which the evolutionary history of viruses has been placed on a 
chronological scale. First, if there is a general correspondence between the phylogenetic tree 
of viruses and that of their hosts, such that they have codiverged through evolutionary 
history, then it is possible to use the divergence times of hosts to calibrate the time scale of 
virus evolution. Second, for viruses that evolve rapidly such that there is measurable 
evolution (i.e., mutations are fixed in viral populations during the time frame of human 
observation), which has been clearly demonstrated in both RNA viruses and ssDNA viruses, 
as well as some larger dsDNA viruses following complete genome sequencing,” it is 
possible to determine the number of nucleotide or amino acid substitutions that have 
occurred between viruses sampled at known times (i.e., “heterochronous” samples) and use 
this information to calibrate the time scale of virus evolution under the assumption of a 
molecular clock (i.e., that there is an approximately constant rate of nucleotide or amino acid 
fixation). Third, for viruses where endogenous genome copies are present in the host, it is 
possible to use the substitution rate of the host to determine when these genome integration 
events occurred, especially if the endogenous sequences also codiverge with their host 
species.!°° Finally, in a limited number of cases, including some _poxviruses,°” 
hepadnaviruses, /®”7°* and parvoviruses!®® it is possible to use virus sequences obtained from 
archival samples (i.e., ancient DNA) to date virus evolution. All four approaches have 
limitations and can lead to wildly different interpretations of evolutionary time scales, such 
that all should be used with caution. 


Dating the time scale of virus evolution through the use of host divergence times (i.e., 
codivergence) is perhaps the simplest and most robust approach to this form of molecular 
archaeology. This approach has been successful in the study of DNA virus evolution, and 
metagenomic studies of families of animal RNA viruses have suggested that these may be as 
old as the animals they infect, so that they likely have origins with the earliest metazoans.7** 
Specific examples of its utility are the dating of herpesvirus evolution through an 
examination of the phylogenetic relationships of their vertebrate hosts, in which virus—host 


codivergence may extend to some 400 million years!’*!7°; of the animal iridoviruses!°; of 


the baculoviruses of insects!°°; and of the papillomaviruses sampled from a number of 


vertebrates including humans.** Clearly, although each of these virus families can be 
considered “ancient,” they are in no way of sufficient age to inform on the question of virus 
origins. In addition, in some other large DNA viruses, with the poxviruses a good example, 
frequent host jumping and limited sampling means that patterns of host—virus codivergence 
can be difficult to infer, so that the times of origin of key human pathogens like variola virus 
(VARV; the agent of smallpox) are still the source of considerable debate.°!°%738 A 
compelling example of virus—host codivergence being used to date the origin of a number of 
RNA viruses and retroviruses concerns the retrovirus simian foamy virus (SFV). Here, a 
statistically significant match between the phylogenetic trees of host and virus may extend to 


at least 30 million years,!©°*°° and the analysis of endogenous foamy viruses places their 


evolutionary history in mammals to over 100 million years,!** with a likely origin early in 
vertebrate evolution.!°* More recently, metagenomic analyses have revealed a general 
correspondence between different classes of vertebrate and the RNA viruses they carry 
(although with frequent host jumping), which again points to ancestries dating back hundreds 
of millions of years.°°779 


While bona fide examples of virus—host codivergence constitute a powerful way to date 
the age of specific viruses, it is also the case that the resemblance of between host and virus 
phylogeny could occur by chance alone or because related host species are more likely to 
share their pathogens.” Given that cross-species transmission is a very common mode of 
virus macroevolution,” it can be dangerous to construct a time scale of virus evolution 
without strong evidence for codivergence. Overall, there is a growing view that virus 
evolution represents a complex interplay between codivergence and _ cross-species 
transmission, with both processes commonly co-occurring in many virus families (see 
below).°° Although these broad-scale patterns have provided important insights into the 
timescale of virus evolution, such complexity can make dating the ancestry of individual 
viruses very difficult. 


Using heterochronous samples to calibrate the virus molecular clock is an extremely 
powerful and increasingly popular way to study the time scale of virus evolution in the recent 
past (i.e., on time scales no more than a few hundred years) and is commonly used with RNA 
viruses where measurable sequence evolution is a routine observation. Because large 
numbers of gene sequences where the precise date of sampling is known are now available, 
and because virus evolution is often relatively clock-like, it is a straightforward exercise to 
date the age of samples of genetic diversity if performed with care.°° In some cases, 
divergence times estimated in this manner can be very accurate. For example, an analysis of 
heterochronous samples of human influenza A virus was able to accurately reconstruct the 
seasonal peaks and troughs in the population size of this virus.*!4 However, while these 
molecular clock approaches can work well for recent virus evolution, they are prone to error 
at deeper divergence times, providing a picture of virus evolution that is too recent, 
particularly given the time-dependent nature of virus evolution in which rate estimates are 
elevated toward to present (see below).°° An important example of this effect is provided by 
the case of the SIVs. While molecular clock studies of SIV evolution using heterochronous 
samples place this on a time scale of hundreds of years, a calibration based on the 
biogeographic separation of Bioko Island from the coast of West Africa gave dates of at least 
32,000, and perhaps over 100,000 years.*°° 


In a number of cases, the time scale of virus evolution can be inferred using the 
sequences of endogenous viral sequences that are a common component of eukaryotic 
genomes. Endogenous genomic copies of exogenous viruses that have entered the germ line 
are particularly commonplace in retroviruses, and it is estimated that approximately 5% to 
8% of the human genome is composed of endogenous retrovirus, comprising many distinct 


families.'°° In addition, there is a growing list of endogenous RNA and small DNA viruses, 
also referred to as endogenous viral elements (EVEs), that usually comprise partial virus 
genome sequences and are commonly found following the sequencing of host 
genomes.”!!!,!30 Endogenous viruses also represent a sort of “fossil record” of past viral 
infections: once integrated into host genomes, they cease to evolve like viruses and instead 
assume the low rates of nucleotide substitution that characterize their hosts, replicating using 
high-fidelity host DNA polymerases and likely experiencing fewer replications per unit time 
(Fig. 1.3). Consequently, if the mutational differences between endogenous viruses are 
known to occur postintegration, such as those observed between the LTRs of a single 
endogenous retrovirus, between duplicated EVEs, or when there is clear evidence for 
codivergence, then divergence times can be estimated in a relatively straightforward manner 
using host substitution rates. 
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Figure 1.3 How endogenous virus elements (EVEs) are generated and can be 
used to estimate the age of viral families. Examples of different types of 
mammalian RNA and DNA viruses are shown. The presence of EVEs in related 
host species A and B and integrated into the same genomic position indicates that 
this integration event occurred prior to the divergence of these two species, such 
that its minimum age can be estimated if it is known when the host species 
diverged. (From Katzourakis A, Gifford RJ. Endogenous viral elements in 
animal genomes. PLoS Genet 2010;6:e1001191. Original figure kindly provided 
by Dr. Rob Gifford.) 


Molecular clock dating using EVEs suggests that the exogenous ancestors of some human 
retroviruses may have diversified relatively early on in mammalian evolution.!*? Most 
dramatic are cases of when both exogenous and endogenous copies of the same virus exist: 
these have generally resulted in a radically different picture of the time scale of viral 
evolution than using clock estimates based on heterochronous samples. For example, 
estimates of the age of primate lentiviruses based on the use of heterochronous sequences 
generally result in time scales of thousands of years at most,*’’ while the presence of 
endogenous lentiviruses in lemurs suggests that these viruses have circulated in primates for 
at least several million years.!°! The same is true of endogenous viruses that are not 
retroviruses. A compelling example is provided by the avian hepadnaviruses, in which the 
observation of EVEs integrated at the same genomic positions in bird species that diverged at 
least 19 million years ago strongly suggests that hepadnaviruses are at least of the same 
age,’° and endogenous hepadnaviruses are now increasingly observed in the genomes of 
birds*® and other vertebrates.**? The same phenomenon has been proposed for a variety of 
other RNA viruses, including bornaviruses and filoviruses,'”!'®-!%* and help to calibrate the 
timescale of virus evolution when combined with comparative studies of exogenous 
viruses,722 as well as ssDNA viruses of the families Circoviridae and Parvoviridae.!®129:1°9 
In each case, integrated copies of these viruses are observed in diverse host species, for 
example comprising both placental and marsupial mammals in the case of the filoviruses, and 
sometimes showing virus—host codivergence indicating that they are millions of years old.!°° 
As more host genomes are sequenced, it is certain that more EVEs will be discovered, which 
in turn will shed new light on the true time scale of virus evolution. 


The final way in which a timescale has been placed on virus evolution has been through 
the use of so-called ancient DNA, in which evolutionary analyses are performed on viruses 
sampled from archival material. Because of its greater preservation, this approach has been 
more successful in the case of DNA than RNA viruses, with variola virus (VARV),°°? human 
papillomavirus,*°’ HBV,!°”7°* human T-cell lymphotropic virus,'°’ and B19 parvovirus!®® 
constituting important examples. Although there have been a number of reports of ancient 
RNA viruses, including the compelling case of a plant virus recovered from a caribou feces 
frozen on permafrost dating to 700 years ago,!** in many other instances it is difficult to 
exclude the issue of contamination that plagues studies of ancient DNA, particularly as the 
ancient samples possess sequences that are closely related to modern variants.°” In addition, 
in the case of human RNA viruses, there is currently little evidence for the preservation of 
viruses older than the influenza A virus associated with the global pandemic of 1918— 
1919.*°! However, with bona fide samples, the analysis of ancient DNA can provide 
important insights into virus evolution. For example, in the case of HBV the ancient samples 
showed not only that modern viral genotypes have been associated with human populations 
for at least 7,000 years but also that the ancient geographic distributions of genotypes are 
different to those observed today.'®” This has important implications for theories of HBV 
origin and spread, and shows that rates of evolutionary change in this virus are lower than 


those observed using heterochronous samples.!®’ Similarly, the analysis of VARV samples 


dating to the 17th century has shown that the diversification of smallpox virus to generate the 
lineages present during the 20th century occurred more recently than previously imagined. 
Importantly, however, while ancient DNA is an increasingly valuable tool to study virus 
evolution on the time scales of thousands of years at most, it will not be informative on the 
deep origins and evolution of viruses as a whole. 


Codivergence and Cross-Species ‘Transmission in Virus 
Evolution 


Emerging infectious diseases are often characterized by “host switching” events, in which a 
pathogen jumps from its original host to infect a novel species. Indeed, the cross-species 
transmission of viruses is responsible for the majority of emerging infections and can 
profoundly affect human and animal health. More fundamentally, cross-species transmission 
is also one of the key processes of virus evolution.°? Although most emerging diseases 
seemingly result from such a process of cross-species transmission, it is also the case that 
some viruses seem to rarely jump the species barrier and instead codiverge with their hosts 
over long stretches of evolutionary time. For example, long-term virus—host codivergence has 
been suggested to play a key role in the evolution of vertebrate herpesviruses over periods of 
approximately 400 million years!’* and insect baculoviruses over a_ timescale of 
approximately 310 million years.*°? In fact, a number of families of DNA viruses have 
clearly codiverged with their hosts over long evolutionary timescales,!'®*°° and do so more 
frequently than do RNA viruses.”° This may, in part, be due to the fact that many RNA 
viruses are characterized by short durations of infection that will limit the opportunities for 
virus—host codivergence, although there is also growing evidence for host codivergence 
among families of RNA viruses.**-**! Similarly, the high rates of evolutionary change that 
characterize RNA viruses should confer more rapid adaptation to new environments, which, 
coupled with the frequency of exposure to new hosts, will facilitate host switching. 


Most attention has been directed to RNA viruses, and these often seem to evolve through 
a combination of codivergence and host switching. While phylogenetic trees for some RNA 
viruses, such as particular retroviruses, are similar with those from their hosts suggesting that 
there has been long-term codivergence,!*’ for others, such as coronaviruses, flaviviruses, and 


picornaviruses, host jumping appears to be relatively frequent.?°!*8 The situation appears to 
be even more complex in cases such as the hantaviruses, where the respective contributions 


of codivergence and host jumping can be difficult to determine.!' 


Although host jumping is commonplace, it is also the case that many emerging diseases 
are in reality transient “spill-over” infections, in which onward transmission between 
members of a new host species is limited and extinction of any novel virus occurs rapidly. 
This is to be expected as viruses must overcome a variety of evolutionary and ecological 
barriers to successfully establish themselves in new hosts.?~%° Nevertheless, it is possible that 
an increased sampling of hosts and their viruses, particularly through novel virus discovery 
via metagenomics, will reveal even further instances of cross-species transmission. As a case 


in point, although there is strong evidence that hepadnaviruses have codiverged with their 


vertebrate hosts over hundreds of millions of years,**? the recent identification of 
hepadnaviruses in fish and amphibians has revealed more instances of cross-species 


transmission, potentially including that from aquatic to terrestrial vertebrates*?°9 (Fig. 1.4). 
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Figure 1.4 The contrasting processes of virus—host codivergence and virus cross- 
species transmission to novel hosts. A: When host populations diverge and 
speciate, often over periods of millions of years, viruses may evolve with them 
through codivergence and hence the phylogenies for viruses and hosts will have 
similar topologies (i.e., exhibit congruence). B: Conversely, if viruses evolve by 
jumping to new hosts, then the phylogenetic relationships among viruses and 
their hosts will mismatch (i.e., exhibit incongruence). Real data examples are 
shown in the bottom part of the figure, in which the match between the virus and 


host phylogenies are shown for the Hepadnaviridae and the Rhabdoviridae. 
Cross-species transmission is relatively common in both cases, especially the 
Rhabdoviridae. 


To understand the basic mechanisms of virus evolution and disease emergence, it is 
obviously important to identify the relative frequencies of codivergence and cross-species 
transmission among viruses and their hosts. In particular, this information will help determine 
whether some virus families have a greater propensity to jump hosts than do others and, if so, 
even reveal what factors may govern this pattern. This can be achieved using a “co- 
phylogenetic” analysis that assesses the degree of phylogenetic congruence (i.e., similarity) 
between hosts and their parasites.!*” That is, a clear congruence between the host and virus 
phylogenies provides strong evidence for a history of codivergence, whereas phylogenetic 
incongruence (i.e., discord) is compatible with cross-species transmission (Fig. 1.4). 


It is also likely that successful cross-species transmission occurs more frequently among 
phylogenetically related hosts, a process termed “preferential host switching.”?’ This is 
because it is easier for a virus to infect and replicate in genetically similar hosts that share 
less divergent cell receptors.*°' In addition, related hosts may often inhabit the same 
geographic region, increasing the probability of cross-species transmission through more 
frequent exposure.!?? Hence, the closer the phylogenetic relationship between hosts, then, 
given appropriate exposure, the more likely that a pathogen will be able to jump between 
them. 


Finally, it is important to note that cross-species transmission events revealed through 
such co-phylogenetic analyses have likely occurred over very long evolutionary timescales, 
and that many of the viral families that present frequent host switching have done so for 
many millions of years. Therefore, the observation that many viruses can frequently jump 
species boundaries over evolutionary timescales!?® provides no assistance in predicting what 
happens over shorter timescales that govern epidemiological processes relevant to 


epidemics.! 


Metagenomics and Virus Evolution 


Metagenomics is transforming studies of virus evolution, with a massive amount of new 
genetic diversity revealed in DNA bacteriophage!’ and RNA viruses.**°.2! Indeed, it is a 
safe bet that our view of the virosphere and the evolutionary processes that shape it will be 
very different in this edition of Field’s virology and the next. 


Before the advent of DNA sequencing, new viruses were discovered using a variety of 
approaches, including filtration, cell culture, electron microscopy, and serology. Many of 
these techniques remain important,!°! and the gold standard for virus discovery is still the 
propagation of viruses in cells, accompanied by the visualization of virus particles by 
electron microscopy and the successful replication of infection in animal models. However, 


the enormous time and effort required for work of this kind, and the sheer scale of the 
virosphere, means that this is often practically impossible. In addition, most viruses are not 
culturable, and there are not enough cell lines to meet the diversity of viruses. 


A more modern approach to virus discovery, which is transforming our understanding of 
virus diversity and evolution, is through a coupling of metagenomics and high-throughput 
sequencing. Indeed, metagenomics has revolutionized virus discovery in terms of speed, 
accuracy, sensitivity, and the amount of information generated.” Among the various 
metagenomics approaches that are available, meta-transcriptomics, based on total RNA 
sequencing, has recently come to the fore in the case of RNA viruses. This approach involves 
gathering total transcriptome information from a host sample, often after depletion of 
ribosomal (r) RNA as this is the dominant component of host transcriptomes. Previous 
methodologies were often based on removing as much nucleic acid outside viral particles as 
possible by filtering, centrifugation, lysis, and nuclease treatment, although this seldom 
results in a complete depletion of host RNA and may bias against the detection of particular 
types of virus.’°!®! In contrast, in meta-transcriptomics total RNA is directly extracted from 
untreated homogenates and used for library preparation without filtering, capture, or 
enrichment, thereby providing an unbiased picture of host viromes, although what viruses are 
found strongly depends on the depth of sequencing coverage. Metagenomics based on 
shotgun DNA sequencing may still be the most profitable approach for the study of DNA 
viruses, although to date less effort has been devoted to describing new DNA viruses in 
animal hosts. 


The most obvious evolutionary insight from metagenomics is that the number of 
undetected viruses is enormous such that we are still only scratching the surface of the 
virosphere, particularly when compared with the number and diversity of viruses that can be 
revealed through other approaches such as cell culture and consensus PCR (Fig. 1.5). This, in 
turn, suggests that we still have a great deal to learn about virus diversity and evolution. As 
well as revealing an abundance of new virus taxa, and determining the evolutionary 
processes that have shaped this diversity, it is undoubtedly the case that viruses exist in hosts 
that have not yet been screened for viruses or that are so divergent in sequence that they 
cannot readily be detected by standard homology-based methods (such as Blast) or included 
in phylogenetic analyses.*** If the nature of this “dark matter” can be resolved, it will 
doubtless shed new light on the ultimate origins of viruses as well as their deep phylogenetic 
relationships, and perhaps even on the origins and evolution of the first replicating systems. 
In particular, it is of critical importance to characterize the unknown biodiversity of viruses in 
prokaryotes (both archaea and bacteria) and basal eukaryotes that may possess highly 
divergent genome sequences that are currently difficult to identify. Unfortunately, this will 
also require the development of new computational methods to extract sequence information 
from highly divergent genome sequences. 


Phylogeny of RNA viruses 
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Figure 1.5 Different analytical techniques to explore the virosphere. A schematic 
tree is used to represent the total phylogenic diversity of RNA viruses (although 
the same scheme also applies to DNA viruses). The colored circles depict the 
extent of viral diversity that can be discovered using cell culture (red), consensus 
PCR (blue), and metagenomics, such as RNA sequencing (meta-transcriptomics, 
orange). (From Zhang YZ, Shi M, Holmes EC. Using metagenomics to 
characterize an expanding virosphere. Cell 2018;172:1168-1172, by permission 
of Cell Press.) 


The rise of metagenomics has also made it clear that our knowledge of the evolutionary 
processes that have generated the diversity of the virosphere has been strongly skewed by a 
focus on those viruses that act as agents of disease in economically important animals and 
plants as well as those that can be easily cultured. In particular, recent work has shown that 
animals, and invertebrates in particular, harbor enormous uncharacterized viral diversity, only 
some of which has been associated with disease.'°®*4° Key questions for future research that 
can be addressed with metagenomic data include (a) determining the processes that shape 


virus ecosystems, particularly the factors that assist or inhibit the flow of viruses between 
hosts; (b) revealing the mechanisms of long-term virus macroevolution, particularly the rates 
and causes of virus lineage birth and death, and (c) revealing the mechanisms and 
evolutionary processes that are responsible for the diverse array of virus genome structures, 
and how these genome structures are connected to each other in evolutionary space.**+ 
Finally, there is a growing realization that metagenomic data provide both important 
opportunities and challenges for virus classification,*** and that a combination of 
metagenomics and phylogenetics will soon become the standard means to address issues of 
virus taxonomy. 


PROCESSES OF VIRUS EVOLUTION 


One of the strongest arguments that viruses are alive is that they are subject to the same 
forces that shape the evolution seen in cellular species: mutation, natural selection, genetic 
drift, recombination (and reassortment), and migration. We will discuss the first four of these 
processes in this chapter. Migration, in the guise of viral epidemiology, is discussed 
elsewhere in this volume. 


Mutation and Nucleotide Substitution in Viruses 


The simplest way to examine the role of mutation in virus evolution is to measure the rate of 
its occurrence. Indeed, understanding the factors that shape the speed at which genetic 
variation is generated in viruses is central to understanding their evolution. For RNA viruses, 
mutation can in some ways be thought of as their defining evolutionary feature, as it occurs 
at a pace that greatly exceeds that observed in other organisms and determines much of their 
evolutionary “behavior.” 


Although mutation is the ultimate source of genetic variation, the pace of evolutionary 
change can be measured in two rather different ways. One method is to estimate, 
experimentally, the rate at which mutations are generated de novo. Such rates have usually 
been presented as the number of mutations per nucleotide or per genome, per replication. 
However, because of the inherent complexities and biases in making these estimates, it has 
been suggested that estimates of mutation rate per nucleotide, per cell infection may be more 
informative.**? For example, one important complicating factor is that some viruses employ 
so-called stamping machine replication, in which a single virus acts as the template for all 
progeny genomes, so that mutations accumulate linearly, while others utilize “geometric” 
replication, in which some of the early progeny genomes are used as templates to produce 


further progeny, in turn increasing the rate of mutation accumulation.°? 


The importance of mutation rate estimates is that they reveal the intrinsic error dynamics 
of the RNA or DNA polymerases used in viral replication and in theory allow a count of each 
type of mutation—advantageous, neutral, or deleterious—before they have been shaped by 
natural selection, although it is always difficult to accurately count the number of lethal 


mutations that are rapidly removed by purifying selection. A detailed compilation of 
mutation rate estimates for 27 viruses, and accounting for many of the complexities inherent 
in analyses of this kind, revealed that these rates vary from averages of 1.6 x 10° to 1.5 x 
10°* mutations/nucleotide/cell infection for RNA viruses, from 1.6 x 10° to 4.4 x 10° 
mutations/nucleotide/cell infection for retrotranscribing viruses, and 5.9 x 108 to 1.1 x 10°© 
mutations/nucleotide/cell infection for DNA viruses (Fig. 1.6).27°729 For RNA viruses that 
replicate with a RdRp, an enzyme that lacks a proofreading or repair function, this equates to 
mutation rates that are usually around one per genome, per replication.?!°*°” Similarly, the 
lower mutation rates observed in large DNA viruses clearly reflect the higher fidelity of the 
DNA polymerases employed in their replication cycle. Of particular note is that mutation rate 
estimates in ssDNA viruses (a maximum of 1.1 x 10°°, although only two estimates are 
available) are higher than those of large dsDNA viruses (which range from 5.9 x 107° to 5.4 
x 10~’),?7° even though ssDNA viruses have such small genomes that they use host DNA 
polymerases for replication. Although it remains to be determined, it is possible that the 
higher mutation rates in ssDNA viruses reflect less efficient proofreading and excision repair 
on ssDNA and/or frequent deamination.°® The study of Sanjuan and Domingo-Calap**° was 
also of note in that it revealed that retroviruses such as HIV have error rates that often higher 
than those of RdRp-utilizing viruses, even though earlier studies suggested that RT exhibits 
higher fidelity than does RdRp.?}°*1°° 
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Figure 1.6 The large-scale variation in mutation rates among viruses. The range 
of variation in mutation rates is shown for the seven classes of viruses classified 
under the Baltimore scheme. ss, single-strand; ds, double-strand; +/— genome 
polarity; RT, retroviruses; pRT, para-retroviruses. (From Sanjuan R, Domingo- 
Calap P. Mechanisms of viral mutation. Cell Mol Life Sci 2016;7:4433—4448, by 
permission of Springer Nature.) 


From a broader perspective, these estimates of mutation rate are compatible with the idea that 
there is a strongly inverse relationship between mutation rate and genome size that applies to 
all living systems (Fig. 1.7).°>!!* It also seems likely that the systematic difference in 


mutation rate and genome size between RNA and DNA viruses is associated with many of 
the main evolutionary distinctions between these two types of infectious agents that are 


discussed throughout this chapter. !!° 
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Figure 1.7 Relationship between mutation rate and genome size in diverse 
organisms including RNA and DNA viruses and viroids. The competing 
evolutionary forces that might be responsible for the limited range of observed 
mutation rates and genome sizes are shown. See also Figure 1.6. (From Holmes 
EC. What does virus evolution tell us about virus origins? J Virol 
2011;85:5247-5251, by permission of the American Society for 


Microbiology.)!2® 


Although they utilize related DNA polymerases, mutation rates in large DNA viruses are 
higher than those of bacteria and eukaryotes, which may reflect an absence of the full set of 
repair enzymes and pathways. There are, however, two possible exceptions to this rule. First, 
there is currently no estimate of mutation rates in the giant DNA viruses, although these are 
expected to fall within the bacterial range (as the genome sizes of these viruses overlap with 
those of bacteria), and hence lower than that observed in any virus to date. Although a higher 
rate of nucleotide substitution was estimated in the case of the giant pandoraviruses,!°* which 
would imply a high background mutation rate, this was later shown to be questionable and it 
is clear that more data are required.°° Second, we similarly lack an estimate of mutation rate 
in the small dsDNA viruses, such as the papillomaviruses. Although the relationship depicted 
in Figures 1.6 and 1.7 implies that these viruses will mutate rapidly, most estimates of 
substitution rate in papillomaviruses are in a similar range to those of large DNA 
viruses.’©*!© This implies that papillomaviruses similarly mutate relatively slowly, which 
would break the simple relationship between mutation rate and genome size. Whether any of 
the new viruses discovered by metagenomic surveys will similarly break the proposed 
association between mutation rate and genome size is a key research question. 


The relationship between mutation rate and genome size is of twofold importance. First, 
because it incorporates genetic systems ranging from viroids to eukaryotes, it covers at least 
eight orders of magnitude of both genome size and mutation rate, and few things in biology 
encompass such diversity. Second, it implies that mutation rates that are either too high or too 
low are selected against.!!* With respect to the latter, a popular idea is that viral mutation 
rates, particularly the high mutation rates of RNA viruses, are the result of an evolutionary 
trade-off, either between replication rate and replication fidelity®* or between the rates of 
deleterious and advantageous mutation.°’**” Data can be cited in support of both 
relationships, 10-1699 with a recent study showing that the evolution of mutation rates may 
reflect an evolutionary trade-off between replication speed and fidelity; that is, rapid 
replication is selectively advantageous for a virus but comes at the cost of lower replication 
fidelity.’? However, it is also likely that this evolutionary trade-off will vary depending on 
virus type and the duration of infection, differing, for example, between viruses associated 
with either acute or chronic infections. 


It is also possible that there is trade-off between the rates of deleterious and advantageous 
mutation in viruses. On the one hand, as viruses will be commonly exposed to changing 
environments (i.e., different hosts, a variety of cell types, frequent immune pressure), the 
generation of some genetic variation via mutation is likely to be selectively advantageous. 
This idea also has experimental support: RNA polymerases with lower fidelity and that 
generate more diversity are sometimes selectively favored over those with higher 
fidelity.'°1©%°9 On the other hand, there must be an upper limit on the mutation rates 
experienced by viruses (and all living systems), as excessive error will result in major fitness 
losses. Powerful evidence for this ceiling on mutation rates is provided by experiments 
invoking lethal mutagenesis (see later), in which artificially increasing error rates with 
mutagens such as 5-fluorouracil and ribavirin result in an excessive mutational load.°° It is 


therefore likely that RNA viruses exist close to their maximum tolerable mutation rates, 
which in turn imposes an upper limit on genome size. However, it is also likely that RNA 
viruses are mechanistically unable to reduce their error rates to the levels associated with 
DNA polymerases. A higher-fidelity RNA polymerase would need to be more complex, and 
hence longer, than those that currently exist, yet this cannot evolve because by increasing 
genome length too many deleterious mutations will accumulate. This evolutionary 
conundrum is commonly referred to as Eigen’s paradox and is a key element in theories for 


the early evolution of genomic complexity.!° 


The second measure of the pace of virus evolution is the rate of nucleotide substitution 
per nucleotide site, per year (subs/site/year). As this measure reflects the population success 
of any mutation, it by necessity incorporates the action of natural selection. Accordingly, 
deleterious mutations that have been removed by purifying selection will not be counted, 
while advantageous mutations will be fixed more rapidly than neutral ones. Because they 
only involve sequence comparisons, nucleotide substitution rates are usually far easier to 
estimate than mutation rates and so provide a simple and powerful means to compare patterns 
of virus evolution. 


As with rates of mutation, rates of nucleotide substitution vary markedly among viruses. 
Across RNA and DNA viruses as a whole, nucleotide substitution rates vary by over five 
orders of magnitude, in large part reflecting the differences in background mutation rate 
described earlier.°”!!* Hence, most substitution rates in RNA viruses fall within an order of 
magnitude of a value of 1 x 10~> subs/site/year,!!°!4 while the rates in many dsDNA viruses 
are closer to 1 x 10°® subs/site/year.!0416°.'7,21© Undoubtedly, our understanding of viral 
substitution rates would be improved by reliable measures of evolutionary dynamics in the 
smallest (i.e., viroids) and largest (i.e., pandoravirus) viral systems. 


Most of the variance in the substitution rates in both RNA and DNA viruses likely 
reflects virus-specific differences in rates of mutation, replication, or both. Mutation rates 
have been discussed earlier. Although few direct estimates of replication rate are available, 
they likewise clearly play a major role in shaping substitution rates. For example, although 
the retrovirus SFV likely has an RT-associated error rate that is similar to those of other 
retroviruses, its codivergence with primates for over 30 million years leads to estimates of the 
substitution rate of only 1.7 x 10° subs/site/year.*°° This most likely reflects a low rate of 
replication in the long term, although this merits further investigation. Similarly, replication 
rates appear to be low in papillomaviruses, in which virus replication occurs simultaneously 
with the division of host epithelial cells, at approximately 10 to 100 generations per year,?~ 
which likely contributes to the low substitution rates estimated in this virus. In contrast, that 
DNA viruses often replicate more rapidly than do their hosts may in part explain why virus 
substitution rates are higher than host substitution rates even though they utilize similar 
polymerases. For example, the Bol7 protein of bovine herpesvirus 4 represents a viral 
capture of the mammalian 2$-1,6-N-acetylglucosaminyltransferase-mucin protein.'°° As a 
phylogenetic analysis revealed that this gene was captured from the host after the split 
between cattle and African buffalo approximately 1.5 million years ago, it was possible to 


estimate that the viral gene had evolved 20 to 30 times faster than its cellular homolog.!®® 


Finally, for persistently infecting viruses, substitution rates may also differ between periods 
of intra- and interhost evolution. For example, HIV-1 substitution rates are higher within than 
among hosts.!°° This may be because intrahost HIV evolution is dominated by the positive 
selection of immune escape mutations or because some of the mutations that occur within 
hosts are purged at interhost transmission, thereby reducing the substitution rate. As noted 
earlier, it is also the case that substitution rates in viruses are strongly time dependent, such 
that they are elevated in the recent past because of the presence of transient deleterious 
mutations that have yet to be purged by purifying (negative) selection.°° When comparing 
substitution rates among viruses, it is therefore critical to base studies on those sampled over 
approximately the same time frame. 


Although most estimates of substitution rates suggest a fundamental division in virus 
evolution in which RNA viruses evolve rapidly and DNA viruses evolve slowly, there are a 
number of important exceptions (although there is currently no convincing evidence for 
anomalously slowly evolving RNA viruses). Most notably, most ssDNA viruses seem to 
exhibit substitution rates—often in the realm of 10~° to 10 © subs/site/year—that are lower 
than those of RNA viruses but more rapid than those of large DNA viruses and likely reflect 
the specifics of their background rates of mutation and replication. Such rate estimates have 
now been provided for carnivore??? and human!*®°* parvoviruses, including involving 
comparisons utilizing ancient sequences sampled many hundreds of years before the 
present, °° in some circoviruses, ° and in plant geminiviruses.?®7°” 


Nucleotide substitution rates also exhibit marked variation within large DNA viruses with 
some, particularly poxviruses, exhibiting such relatively high rates that they can be readily 
measured over the timescale of human observation and which likely reflects high background 
rates of mutation and replication. A case in point is VARV, in which estimates of the 
substitution rate fall between 10° and 10 subs/site/year, and hence are far higher than 
those observed in other large DNA viruses (particularly the herpesviruses) where 
evolutionary rates have been inferred.°"-7°79° VARV evolution is also characterized by a 
strongly linear relationship between genetic distance and time of sampling (i.e., measurable 
evolution) that is indicative of both a relatively constant molecular clock and a high 
substitution rate.°"-”© A similar picture can be painted for myxoma virus (MYXV). Sampling 
over 50 years in both Australia and Europe has revealed usually highly clock-like evolution 


on both continents, with substitution rates again in the realm of 10° subs/site/year.!°° 


Natural Selection and Genetic Drift in Virus Evolution 


Despite long-standing and continuing debates over whether natural selection or genetic drift 
is the more important process of evolutionary change at the molecular level, there is little 
doubt that viruses provide some of the very best examples of natural selection in action. The 
available literature contains numerous examples of natural selection for such properties as 
immune evasion (of antibody, T-cell, or innate responses), antiviral resistance, and the 


adaptation to new cell types and host species. The strength of these selection pressures is 
readily apparent in the fact that the genomes of large DNA viruses such as poxviruses and 
herpesviruses contain many genes dedicated to immune evasion, and that host genes that 
provide the strongest evidence for adaptive evolution are those involved in antiviral 
responses.!’° The frequency with which positive (i.e., Darwinian) selection is identified 
should come as no surprise as virus and host are locked in an evolutionary arms race.**! 


As there are numerous examples of positive selection for both RNA and DNA viruses, 
and since they are generally not contentious, we will not discuss them here. A more pressing 
question is what proportion of all the mutations that arise and are fixed in viral genomes are 
entirely free of natural selection and hence evolve in a strictly neutral manner, compared to 
the proportion that are fixed because they are selectively advantageous. Simple population 
genetic theory predicts that natural selection should be a potent force in viral evolution 
because of their often very large population sizes. Specifically, natural selection dominates 
molecular evolution when Nes >> 1, where Ne is the effective population size, and s the 
selection coefficient (i.e., the fitness of the mutation in question). However, estimating these 
parameters is usually extremely difficult, such that the measures obtained are often only 
approximate. As a consequence, conclusively determining the role of natural selection versus 
genetic drift in viral evolution is inherently complex, although a number of important 
generalities can be made. 


In the case of RNA viruses, and likely small DNA viruses, it is probable that few amino 
acid mutations are strictly neutral (i.e., s = 0), with most clearly deleterious. In particular, the 
small genomes of RNA viruses ensure there is extensive pleiotropy, epistasis, and 
multifunctionality such that there is little evolutionary elbow room. For example, 
mutagenesis studies of vesicular stomatitis virus (VSV) revealed that nearly 40% of random 
mutations are lethal, another 29% deleterious, a further 27% neutral, and only 4% 
beneficial.**’ A similar preponderance of deleterious compared to beneficial mutations was 
observed in poliovirus (Fig. 1.8).° Importantly, however, these estimates only relate to fitness 
effects in a single cell and a far larger proportion of mutations are expected to be deleterious 
(or lethal) when considering the entirety of the virus life cycle. The same is also likely to be 
true of ssDNA viruses, which are also characterized by very small genome sizes. 
Accordingly, most estimates of the ratio of nonsynonymous (dy) to synonymous (ds) 


nucleotide substitutions per site (ratio dy/ds, a common measure of selection pressures, with 
dy/dg = 1 indicative of selective neutrality) in RNA and ssDNA viruses indicate that 


purifying selection is the most common evolutionary force (i.e., dy/dg < 1).''°!*! However, 


the case of large DNA viruses is far less clear, in large part because relatively few studies of 
their molecular evolution have been undertaken. One comparative study of dy/ds revealed 


weaker purifying selection in DNA than RNA viruses,'*! suggesting that the former may 


possess a class of neutrally evolving amino acid sites. Although the explanation for this effect 
is unclear, it may be a function of the large genome sizes in large dsDNA viruses, which 
allow more genetic redundancy through the presence of duplicated genes (see later). 
Alternatively, it may be indicative of greater levels of positive selection in DNA viruses, as 


also suggested by the high rates of nucleotide substitution documented in some cases.’° 


Determining the exact nature of the selection pressures acting on large DNA viruses, 
including the fitness of individual mutations, is clearly an area where a combination of 
experimental study and evolutionary analysis will be of fundamental importance. Finally, in 
the same way that substitution rates are time dependent in viruses, so are inferences of 
selection pressures based on estimates of dy/ds.°° In particular, the presence of transient 
deleterious mutations will tend to inflate estimates of dy/ds toward the present, such that 


sequence comparisons should again only utilize sequences sampled over the time spans. 
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Figure 1.8 The distributions of fitness values among mutations in poliovirus 
revealed by a next-generation sequencing approach. A: The overall fitness of 
synonymous (gray) and nonsynonymous (red) mutations. B: The fitness of 
nonsynonymous mutations in structural (gray) and nonstructural (blue) genes. 
Note that the great majority of mutations fall into the deleterious class. (Adapted 


from Acevedo A, Brodsky L, Andino R. Mutational and fitness landscapes of an 
RNA virus revealed through population sequencing. Nature 2014;505:686-690, 
by permission of Springer Nature. Original figure kindly provided by Dr. Raul 
Andino.) 


Obviously, the most likely class of neutral sites in viral genomes are those that do not code 
for proteins. For RNA viruses it is debatable how many nucleotide sites fall into this 
category, particularly as these viruses contain very few, if any, clear-cut examples of 
“functionless” noncoding RNA, such as pseudogenes and introns, and where RNA secondary 
structure may also impose selective constraints (Fig. 1.9). A similar story can be told for 
small DNA viruses, either single or double stranded, which can be considered as exemplars 
of genomic efficiency. Indeed, many small DNA viruses, such as circoviruses, parvoviruses, 
and hepadnaviruses, contain extensive overlapping reading frames, suggesting that they are 
under strong selective pressure to maximize the phenotypic diversity they can produce from a 
restricted genomic space.*? Importantly, the existence of overlapping reading frames changes 
the selective regime acting on many nucleotide sites. In particular, synonymous sites in one 
reading frame are likely to be nonsynonymous in another, such that they must be subject to 
some sort of purifying selection. Similarly, although some pseudogenes are present in the 
genomes of large DNA viruses,®’ there are relatively few gene overlaps, and it is unclear 
whether they contain stretches of purely nonfunctional DNA. For example, although the 
genomes of herpesviruses and poxviruses contain many regions that do not code for protein 
(~5%-15% of the genome in the case of poxviruses), these may still encode promoters, 
transcription termination signals, functional RNA molecules, or other functional elements. 
One candidate for truly nonfunctional sequences is the imperfect tandem repeat seen in the 
intergenic regions of some poxviruses and that exhibit various deletions and duplications. 
Understanding the potential functions, if any, of these noncoding regions is an important goal 
for the future. 
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Figure 1.9 The relationship between recombination rate, sequence similarity, and 
RNA secondary structure in the env (envelope) gene of human 
immunodeficiency virus type 1 (HIV-1). Recombination rates are shown in light 
blue, conserved RNA structures in dark blue, and sequence similarity (identity) 
in brown. The location of recombination hotspots are marked by light blue bars 
at the bottom of the figure. (Adapted from Simon-Loriere E, Martin DP, Weeks 
KM, et al. RNA structures facilitate recombination-mediated gene swapping in 
HIV-1. J Virol 2010;84:12675-12682, which should be consulted for more 
details; by permission of the American Society for Microbiology. Figure kindly 
provided by Etienne Simon-Loriere.) 


Intra- and Interhost Diversity and Transmission Bottlenecks 


After the selective coefficient of mutations, the second factor that determines the respective 
roles of natural selection and genetic drift in virus evolution is the effective population size 
(Ne), which is usually far lower than the census population size, N. Available data indicate 
that Ne fluctuates dramatically during the life cycle of most viruses. For all exogenous 
viruses, large values of Ne are most likely observed within an individual host following 
multiple rounds of replication and at the epidemiologic scale. Natural selection is expected to 
be an efficient force in these cases. For example, perhaps 10!° virions are produced by HIV-1 
replication per day in every infected individual,*°° with some 107 human hosts HIV infected 
on a global scale. In addition, the burst sizes of many acute viruses will be large, such that 


within-host values of Ne are expected to be high for at least some parts of the virus life cycle. 
The exception to this rule may be latent viruses, in which effective population sizes are often 
likely to be relatively small, reflecting a lack of active replication. 


Conversely, low values of Ne, reflecting the time when genetic drift is strongest and 
perhaps overriding the action of natural selection, will generally occur at interhost 
transmission. At this point in the virus life cycle, a major population bottleneck may be a 
common occurrence, although this is also likely to be at least in part determined by the mode 
of transmission and hence the infecting dose; for example, vertical transmission (wide 
bottleneck) might be expected to be associated with the transfer of more viruses between 
hosts than sexual transmission (narrow bottleneck).'°° In some cases, including HIV-1 and 
influenza virus, it is possible that the transmission bottleneck is so extensive that new 
infections are initiated by a single virus particle,~’? which would obviously result in a major 
stochastic effect on virus genetic diversity. Similarly, experimental studies of plant viruses 
have commonly revealed the existence of extensive population bottlenecks, both at interhost 
transmission and as the virus moves through an individual plant®?*! and which may also be 
true of vector-borne viruses of animals.**° In these cases, the stochastic effects of genetic 
drift are expected to be strong, even to the extent of allowing many slightly deleterious 
mutations to rise to appreciable frequencies, although there have been few experiments to 
address this issue. Interestingly, other sequencing studies have suggested that interhost 
transmission might be associated with relatively wide population bottlenecks. For example, 
multiple viral lineages passed among horses during experimental transmissions with equine 
influenza virus,!®° while the occurrence of mixed infections in viruses such as influenza”* 
and dengue! also suggests that transmission bottlenecks might be relatively broad in some 
cases. Overall, it is evident that a great deal more work is needed to fully understand the 
nature and scale of population bottlenecks in viruses, particularly those that accompany 
interhost transmission, and what this means for the relative frequencies of natural selection 
versus genetic drift, and for evolutionary processes like complementation (see below) that 
require the transmission of multiple virus particles (Fig. 1.10). 
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Figure 1.10 The effect of transmission bottlenecks on viral diversity. In a variety 
of hosts (with the examples of humans, pigs, plant shown here), severe 
population bottlenecks (top) limit the size and diversity of a virus population and 
hence greatly alter their composition. In contrast, the relatively large populations 
that pass through looser bottlenecks (bottom) allow for the transmission of rarer 
variants, thereby impacting onward virus evolution, and facilitate virus—virus 
interactions. (From McCrone JT, Lauring AS. Genetic bottlenecks in intraspecies 
virus transmission. Curr Opin Virol 2018;28:20—25, by permission of Elsevier.) 


Evolutionary Interactions: Epistasis, Defecting Interfering 
Particles, and Complementation 


A common assumption in many evolutionary studies is that nucleotide sites evolve 
independently. However, this assumption is often highly simplistic as epistatic interactions 
among mutations are a regular occurrence in viral genomes. Not only might such epistasis be 
of great functional importance, such as that resulting from RNA or protein secondary 
structure (see Fig. 1.9), but it may also tell us a great deal about the basic mechanics of virus 
evolution. 


Epistatic effects can be antagonistic (positive), in which case they reduce the effect of 
combined mutations on fitness, or synergistic (negative), in which case they increase this 
effect. Although determining the nature of epistasis represents a major technical challenge 
because it entails a precise measurement of the combined fitness effects of multiple 


mutations, there is strong evidence for epistasis in viruses, and particularly in RNA viruses 
where experimental studies are rather easier to perform. Importantly, most of the epistatic 
interactions determined to date in RNA _ viruses are antagonistic rather than 
synergistic,** 43728 which has major implications for understanding why recombination 
evolved in viruses (see later). Similar epistatic effects have been observed in small ssDNA 
viruses.*°4 


It is useful to discuss the extent of epistasis in the context of mutational robustness, 
which is a way in which phenotypes can be “protected” against the adverse effects of 
deleterious mutation pressure. Robustness can be generated in a number of ways, including 
through genetic redundancies such as duplicated genes, through the creation of neutral spaces 
as might be contained in RNA or protein secondary structure, or by complementation.*®!° 
There is a strong relationship between the level of genetic redundancy and epistasis, such that 
antagonistic epistasis is most common in genomes that are characterized by little redundancy 
and weak robustness, as is the case for RNA and ssDNA viruses (Fig. 1.11).°°774 Hence, 
when mutations occur in viruses with small genomes, which contain many overlapping 
reading frames and functions, they will tend to repeatedly damage the same functions, 
leading to antagonistic epistasis.*°* Conversely, synergistic epistasis is more commonplace in 
larger DNA-based organisms that exhibit a greater level of genetic redundancy and 
robustness, of which duplicated genes are a good example, which allows them to tolerate a 
certain number of deleterious mutations (Fig. 1.11). Where large DNA viruses fall on this 
spectrum is uncertain, as there have been no experimental measures of the rate and sign of 
epistasis in these organisms to date. However, that multigene families are a common 
occurrence in large DNA viruses, resulting in a level of genetic redundancy, suggests that 
most of the epistatic interactions that occur in these viruses will be synergistic. 
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Figure 1.11 Redundancy and epistasis in viruses. A: Differing properties of 


robust (redundant) and nonrobust (nonredundant) genetic systems. In robust 
genetic systems that contain many genes, which may include large DNA viruses, 
the presence of genetic redundancy means that individual mutations have weak 
fitness effects and interact through synergistic epistasis. In contrast, in nonrobust 
systems such as RNA viruses and single-stranded DNA (ssDNA) viruses, there 
are few genes, and hence little genetic redundancy, so that single genes have 
multiple functions and single mutations have strong fitness effects. This results 
in antagonistic epistasis. (From Elena SF, Carrasco P, Daros JA, et al. 
Mechanisms of genetic robustness in RNA viruses. EMBO Rep 2006;7:168-173, 
by permission of EMBO Press.) B: The type of epistasis seen in a variety of 
organisms: long bars, significant epistasis; short bars, nonsignificant epistasis; 


flat bars, no evidence for epistasis. For details see reference?*?. (From Sanjuan 
R, Elena SF. Epistasis correlates to genomic complexity. Proc Natl Acad Sci U S 
A 2006;103:14402-14405, by permission of the US National Academy of 
Sciences.) 


While individual mutations in viruses can interact through epistasis, whole virus genomes 
can interact through the presence of defective interfering (DI) particles and 
complementation.*°° DI particles are a common observation in many virus families!’ and 
have been implicated in a number of virological traits, including persistence.*! DI particles 
often harbor large genomic deletions and compete with fully functional viruses during 
replication because they are able to replicate faster. DI particles have a number of interesting 
evolutionary consequences, although these will usually be short term. First, the high 
frequency of DI particles further illustrates the high rate at which deleterious mutations are 
produced in virus populations, including large-scale deletions. Second, as noted later, the 
polymerase error process that generates DI particles also has important implications for the 
evolution of recombination in viruses. Third, because they are able to replicate more rapidly 
than full-length viral genomes, DI particles may theoretically inhibit the spread of the 
advantageous mutations that are present on full-length viral genomes, if only transiently. 


DI particles are likely to be maintained in virus populations through complementation, 
which is predicted to be a common occurrence at high multiplicity of infection (i.e., in the 
absence of large-scale transmission bottlenecks), and which has been relatively frequently 
documented in both RNA®®?°° and DNA viruses.*°!’4222 Perhaps the most interesting 
evolutionary consequence of complementation is that it allows deleterious mutations to 
persist for extended periods.®° Traditionally, the evidence for complementation came from in 
vitro studies, such that DI particles were thought to survive for just a few generations and 
therefore had little long-term evolutionary consequence. However, it is now clear that 
complementation may be frequent in nature®* and may extend over very long time 


periods.!!°4 As a consequence, complementation may play more of a role in virus evolution 


than is usually envisioned,!°? particularly in the context of how deleterious and advantageous 
mutations interact with each other, although this will evidently require further study. 


The Evolution of Viral Recombination 


A combination of comparative genomics and experimental study has provided growing 
evidence for the importance of recombination, and its sister process reassortment, in viral 
genomes, although recombination rates vary substantially among viruses. At the sequence 
level recombination is commonly observed and displayed as incongruent phylogenetic trees, 
in which phylogenies inferred on either side of a recombination breakpoint differ 
significantly in topology, reflecting the contrasting evolutionary histories of these gene 
regions. Although such phylogenetic approaches can be biased in two ways—false positives 
caused by mixed infection or experimental error*” and that tree-based methods only detect 
recombination when there is measurable sequence diversity—they represent a simple means 
to detect recombination in a wide range of viruses. 


Mechanisms of recombination differ markedly between viruses, reflecting the very 
different types of replication strategy employed, although all require co-infection of a single 
cell by two or more viruses and it is likely that rates of cellular co-infection vary markedly 
among viruses. In the case of dsDNA viruses, recombination likely occurs in a manner 
analogous to that observed in other DNA-based organisms, although the precise mechanisms 
of recombination are not known in all cases. Hence, recombination will involve the 
occurrence and repair of double-stranded breaks and, in the case of large dsDNA viruses, the 
presence of multiple recombination enzymes.!*? Recombination appears to be particularly 
commonplace in poxviruses, an apparent outcome of the form of DNA strand invasion used 
in replication,’°’”* as well as in herpesviruses.*” Recombination in large DNA viruses can be 
both homologous, in that it occurs at regions exhibiting strong sequence identity, and 
nonhomologous, involving divergent gene sequences (usually occurring as LGT) and can 
occur at the intra- and interspecific levels.*°* It therefore plays a major role in shaping 
genomic architecture.'”? For example, in poxviruses recombination may be more 
commonplace at the extremities of the genome, as these contain most of the species-specific 
genes, than in the central genomic regions that are conserved among viruses.°!”° Less is 
known about the mechanics of recombination in ssDNA viruses, although it is likely to occur 
as a consequence of the rolling circle replication employed by these viruses,*** which may 
both determine the distribution of recombination breakpoints*°® and result in frequent 
genome rearrangements, as in the case of Torque teno (TT) virus. °° 


Evolutionary aspects of recombination are better studied in RNA viruses. Recombination 
in this case occurs by two rather different mechanisms. The first, sometimes called RNA 
recombination, occurs when two viruses co-infect a single host cell and a hybrid molecule is 
produced, most likely through a process of copy-choice replication,'*® although other 
mechanisms have been proposed. Under the copy-choice model, the viral polymerase is 


thought to jump templates during negative strand synthesis, generating a chimeric RNA 
molecule.'4° Although this process is usually homologous, template switching can also occur 
among genomic regions that do not share sequence similarity. In theory, RNA recombination 
can occur in any type of RNA virus, irrespective of their genome structure or orientation, 
although rates vary substantially among viruses (see later). The second process of 
recombination in RNA viruses is reassortment, which only occurs in RNA viruses that 
possess segmented genomes, such that a progeny virus packages segments with different 
ancestries. Rates of reassortment also vary markedly among RNA viruses, from very frequent 
in the case of influenza A virus,!°! in which it is likely to be a common occurrence during 
individual infections, while the process is far less so in the case of hantaviruses.!%° 


Clearly, recombination can be of great evolutionary importance for viruses**? and has 
been associated with such features as the evasion of host immunity,!®* the development of 
antiviral resistance,/®° the ability to infect new hosts,!'’ escape from RNAi," increases in 
virulence,!°’ and even the creation of new viruses.*°* As a consequence, it is important to 
document cases of viral recombination and reveal the determinants of this process. However, 
the occasional occurrence of beneficial traits arising from recombination, including those 
documented in experimental studies focusing on single systems, does not necessarily mean 
that recombination evolved for this purpose, as recombination is as likely to break up 
beneficial genotypic configurations as create them. Indeed, explaining why recombination 
evolved in general is one of the outstanding questions in evolutionary biology. 


For viruses, clues for the reasons underlying the evolution of recombination are provided 
by the huge variation in recombination rates, from effectively clonal (i.e., asexual) as seen in 
some single-stranded ssRNA- viruses,**° to cases in which the recombination rate per 
nucleotide exceeds that of mutation. This extensive rate variation is particularly true of RNA 
viruses. The most common theory for the evolution of recombination across living systems as 
a whole is that it functions as a form of sexual reproduction in viruses and as such has been 
selectively optimized to either create advantageous genetic configurations or remove 
deleterious mutations (Fig. 1.12). However, this seems unlikely as high rates of 
recombination are only seen in some viruses, with picornaviruses a good example, such that 
high recombination rates cannot be universally advantageous.**? This rather patchy 
distribution sits in marked contrast to theories for the evolution of sex in eukaryotes, the aim 
of which is to explain common recombination and sporadic asexuality.*!® Similarly, the 
patchy distribution of recombination means that it is unlikely to universally have evolved as a 


form of repair.!”® 


Evolutionary Benefit of Recombination Schematic Representation 
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(1) Creation of beneficial genotypes: 
Recombination increases the rate of adaptive evolution 
compared to clonal evolution. It also disassociates 
advantageous from deleterious mutations, allowing 
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and interact through synergistic epistasis. 


Figure 1.12 Potential evolutionary benefits of viral recombination (and 
reassortment) that might be favored by natural selection and that are commonly 
invoked in discussions of the evolution of sex. Accordingly, recombination can 
either (1) create advantageous genetic configurations (red circles), and also 
disassociate advantageous from deleterious mutations, or (2) purge deleterious 
mutations (green circles) by placing them in a single individual, which can be 
removed by purifying selection. In both cases, the dashed line denotes the 
recombination event. The rate of deleterious mutations per genome replication is 
denoted U. (Adapted from Simon-Loriere E, Holmes EC. Why do RNA viruses 
recombine? Nat Rev Microbiol 2011;9:617—626, which should be consulted for 
more details, by permission of Springer Nature.) 


It is obvious that recombination allows viruses to create potentially beneficial genetic 
configurations more rapidly than asexual populations, and there are many documented cases 
in viruses in which recombination has been associated with the generation of advantageous 
characteristics, such as drug-resistant genotypes. However, there are a number of viruses 
where rates of recombination are very low but where adaptive evolution is extremely 
common, with hepatitis C virus (HCV) a good case in point.*!” Hence, it may be that many 
RNA viruses are able to create a sufficient number of beneficial genotypes through mutation 
alone to offset the need for recombination. 


As well as generating advantageous genotypes, recombination disassociates 
advantageous from linked deleterious mutations,*!® and prevents clonal interference. The 
latter describes a competition between beneficial mutations as they go to fixation in asexual 
populations, such that their rate of adaptation is retarded compared to that of sexual 
populations. Although both these processes are likely to occur in virus populations,!®° their 
overall importance is unclear. 


The second advantage of recombination over purely clonal evolution is that it facilitates 


the efficient removal of deleterious mutations. This is often called the mutational 
deterministic hypothesis and is a much debated theory for the evolution of sex in a wide 
range of species.!°° The central idea is that rather than many individuals (or genomes) 
carrying deleterious mutations, which would have a major negative impact on fitness, 
recombination allows these injurious mutations to be placed in a single individual whose 
selective removal greatly reduces fitness costs. A related theory is that of Muller’s ratchet, 
which describes a progressive decrease in fitness due to the gradual accumulation of 
deleterious mutations in asexual populations of finite size and where genetic drift accelerates 
the loss of mutation-free individuals. Muller’s ratchet has been observed in laboratory 
populations of RNA viruses*?*®°* and may play some role when clonal viruses experience 
small population sizes, such as during transmission bottlenecks, although its effects are likely 
to be negated when viruses reach large population sizes. Importantly, sequence comparisons 
suggest that the burden of deleterious mutation is high for all RNA viruses studied, 
irrespective of background recombination rate.*!* Hence, it is not recombination that saves 
RNA viruses from an excessive mutational load as predicted under the deleterious mutation 
hypothesis, but their large population sizes that provide a form of population robustness that 
offsets the effects of deleterious mutation. 


An opposing theory for the evolutionary origin of viral recombination is that rather than 
being optimized by natural selection as a form of sexual reproduction, it is in fact a 
mechanistic by-product of differing types of genome architecture, replication strategy, and 
polymerase processivity.**° Importantly, however, this does not exclude recombination rates 
then being selectively optimized in individual viruses to increase other aspects of viral 
fitness.*’' The main evidence for this theory is that there is an apparent association between 
recombination frequency and virus genome structure. Hence, recombination is relatively 
frequent in some retroviruses, and as reassortment in viruses with segmented genomes. Far 
more variable recombination rates are observed in ssRNA+ viruses; for example, frequently 
in coronaviruses and picornaviruses, sporadically in flaviviruses, and currently not 
documented in the Leviviridae and Narnaviridae (although this may simply be a function of 
sample size). Finally, recombination is far less common in ssRNA- viruses. An informative 
example of the disparity of recombination rates is provided by a comparison of HIV-1 and 
HCV. In the former, recombination rates have been estimated at between 1.38 x 104 and 1.4 
x 10~° recombination events per site, per generation,!9***? while the equivalent estimates for 
HCV are only 4 x 10°®.*!” Most DNA viruses studied to date seem to experience relatively 
high levels of recombination (including through LGT in the case of large DNA viruses), 
although there have been few attempts to estimate rates of recombination relative to those of 
mutation.*/ 


In each case described previously, the frequency of recombination seems to reflect the 
genome structure of the virus in question.**° Hence, the high recombination rates of 
retroviruses are likely a function of the fact that their virions carry two RNA molecules, such 
that heterozygous progeny will be produced when viruses with different ancestries are 
packaged together. Copy-choice recombination, which is common in RNA viruses, may then 


produce genetically distinct progeny during reverse transcription. That heterozygous viral 
progeny cannot be produced when the genomic material is present as a single molecule 
obviously acts to reduce recombination rates in most RNA viruses. However, in some cases 
specific genome organizations can facilitate frequent recombination. Case in point are the 
coronaviruses, such as murine hepatitis virus (MHV), where up to 25% of the progeny of 
coinfected cells may be recombinant. Such a high recombination rate reflects the mechanisms 
controlling gene expression in coronaviruses, in which discontinuous transcription leads to 
the production of subgenomic RNAs through a copy-choice mechanism.*°? An even more 
dramatic example of how replication strategy and genome organization may shape 
recombination rate occurs in the ssRNA-— viruses, in which recombination is relatively 
infrequent. In these viruses the genomic and antigenomic RNA molecules are quickly bound 
to multiple nucleoprotein subunits, as well as to other proteins, to form ribonucleoprotein 
(RNP) complexes from which viral replication and transcription can proceed. This tight 
complex of RNA and protein necessarily limits the probability of hybridization of 
complementary sequences between the nascent and acceptor nucleic acid molecules, and 
hence the probability of template switching.**° This likely explains why phylogenetic studies 


undertaken to date have revealed relatively few cases of recombination in ssRNA- 


viruses, 19267 


The RNA Virus Quasispecies 


One of the most debated issues in the study of virus evolution is whether RNA viruses evolve 
according to a particular population genetic model known as the quasispecies.'!° In some 
respects, this merely reflects a semantic point about how best to describe the intrahost genetic 
variation commonly seen in RNA viruses. However, a far more important issue, and the true 
essence of the quasispecies debate, is how natural selection acts on virus genomes. 


Quasispecies theory was originally developed by Manfred Eigen and colleagues as a 
model of the evolution of self-replicating RNA molecules that are strong candidates for the 
first replicators on earth.°+°° The theory was first applied to RNA viruses after genetic 
variation was observed in a number of experimental systems, beginning with the 
bacteriophage Q.°° Since this time, the quasispecies has become a popular and common 
descriptor of intrahost RNA virus evolution, particularly because widespread gene 
sequencing has uncovered abundant genetic diversity. However, because the theory is based 
on high mutation rates (see later), it should not be applied to large DNA viruses where error 
frequencies are lower and hence there is no evidence for quasispecies evolution. 


Although commonly used simply as a synonym for genetic variation, the quasispecies in 
fact describes a specific mutation—selection balance. Mutation-selection balances are 
commonly invoked in population genetics and describe an evolutionary equilibrium between 
the generation of new mutations and their removal by purifying selection.?! The mutation— 
selection balance in quasispecies theory is based on the occurrence of an extremely high 
mutation rate, which ensures that the frequency of any variant in the virus population is a 
function of both its individual fitness plus the frequency at which it is produced by the 


erroneous replication of other variants in the population that are linked to it in mutational 
(i.e., sequence) space. This mutational coupling (which should be distinguished from 
complementation) means that viral genomes are not independent entities, such that natural 
selection favors the entire population as opposed to individual variants. In this manner the 


group, rather than the individual, becomes the unit of selection.°° 


The central tenet of quasispecies theory is thus that natural selection acts on the viral 
population as a whole, rather than on individual variants. As a consequence, the entire 
quasispecies evolves to maximize its average fitness, rather than that of individual variants as 
is the case in other population genetic models. The most interesting outcome of this 
particular evolutionary process is that low-fitness variants can sometimes outcompete those 
of higher individual fitness if the former are surrounded by beneficial mutational neighbors. 
This is sometimes referred to as the quasispecies effect or the survival of the flattest,*°° and 
describes a situation in which a population whose component mutants have a similar mean 
fitness can outcompete a population that has a lower average fitness even though it contains 
variants of higher individual fitness. Under classic survival of the fittest population genetic 
models, the individual high-fitness variants are selectively favored, whereas under survival of 
the flattest (i.e., quasispecies) models, the flatter population is selectively superior as it 
possesses a higher mean fitness (Fig. 1.13). This can also be thought of as a form of 
mutational robustness. 
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Figure 1.13 Comparing “Darwinian” and quasispecies models of RNA virus 


evolution. In the Darwinian virus population, natural selection favors the single 
variant with the highest individual fitness (circle shown in red). Genetic variants 
of lower fitness (colored blue, green, and yellow) are produced by mutation at a 
relatively low rate. In contrast, under the quasispecies model, very high mutation 
rates mean that individual variants (represented by different colors) experience a 
mutational coupling. This, in turn, means that the viral population will evolve as 
a single unit, with natural selection acting on the population as a whole (rather 
than on individual variants), maximizing mean fitness. Accordingly, the 
mutational landscape greatly impacts virus evolution. In the top part of the figure 
the circle sizes represent relative fitness values, whereas they are drawn to 
equivalent sizes in the bottom part of the figure. (From Geoghegan JL, Holmes 
EC. Evolutionary virology at 40. Genetics 2018;210(4):1151-1162. 
https://doi.org/10.1534/genetics.118.301556) 


A key component of quasispecies theory is that intrahost populations of RNA viruses harbor 
abundant genetic diversity. There is no doubt that this specific aspect of quasispecies theory 
is correct, and even so for short-term acute infections, as intrahost genetic variation is 
commonly observed in RNA viruses.'° In particular, deep sequencing studies of individual 
virus populations have revealed extensive genetic diversity, with HIV-1,°° HCV,!”’ foot-and- 
mouth disease virus (FMDV),*”° dengue virus,!°%° and influenza virus!”! serving as good 
examples, although a multitude now exist. Importantly, however, although the observation of 
intrahost genetic variation is a necessary criterion for an RNA virus population to be thought 
of as a quasispecies, it is not sufficient in itself as intrahost genetic diversity is expected 
under any evolutionary model where mutation rates are high. Hence, the quasispecies is not 
simply another word for intrahost genetic variation. 


Both in silico and in vitro studies have provided some evidence for the existence of 
quasispecies dynamics defined correctly. As an example of the former, computational studies 
using digital organisms revealed that the survival of the flattest could be induced at very high 
mutation rates.**2°° However, as the mutation rates involved were always higher than one 
mutation per genome replication, it is uncertain whether such mutation rates could ever be 
attained for sustained periods in RNA viruses in nature. Similar results have been obtained 
from some experimental analyses of RNA virus evolution. Studies using both viroids of 
plants and VSV showed that viral populations with lower replication rates were able to 
outcompete those with higher replication rates, as expected under the quasispecies model, 
although this again requires the elevation of mutation rate (by either chemical mutagens or 
ultraviolet C light) to levels that may not commonly occur in RNA viruses in nature.*)??° 
Additional experimental evidence for the existence of RNA virus quasispecies was the 
observation that high-fitness clones of bacteriophage of6 evolved to a lower mean fitness 
because their mutational neighbors were of low fitness.*! More controversial evidence was 


that strains of poliovirus that possessed higher fidelity than the wild type, such that the virus 
population carried less genetic diversity, were unable to infect the full range of tissues that 


are associated with severe disease.*°? While this was suggested to mean that quasispecies 
dynamics might be a central determinant of viral pathogenesis,~°? it has also been suggested 
that this observation more likely reflects a trade-off between replication speed and fidelity.” 


Another class of experimental studies that have been cited in support of the quasispecies 
model involves lethal mutagenesis. This entails treating virus populations with mutagens, 
such as 5-fluorouracil and ribavirin, that increase the error rate to the extent that so many 
deleterious mutations are produced that fit genotypes are never able to regenerate themselves. 
Although lethal mutagenesis can clearly result in virus extinction, especially if mutagens are 
used in combination with more standard antiviral inhibitors,® the basis of this effect is more 
complex. Quasispecies theory predicts that virus extinction in this instance occurs because of 
an error catastrophe, which is the point at which the fittest genotype suffers so many 
deleterious mutations that it cannot sustain itself in the population (i.e., it has breached an 
error threshold). However, another interpretation is that the virus has instead crossed an 
extinction threshold, the point at which deleterious mutations accumulate faster than they can 
be eliminated by natural selection, which will also lead to population extinction.°° 
Importantly, error catastrophe requires a fundamental shift in viral genotype that is 
independent of population size, whereas extinction threshold entails a major decline in viral 
population size. 


Studies of RNA virus evolution based on the comparative analysis of gene sequence data 
have provided less support for the existence of quasispecies. Indeed, there is currently no 
clear evidence from comparative genomics that selection acts on groups rather than 
individual variants in natural populations of RNA viruses, although this may reflect the fact 
that even with the most sophisticated tools of gene sequence analysis it is difficult to discern 
the effects of all but the most strongly favored and disfavored variants. For example, the deep 
sequencing of intra- and interhost diversity in dengue virus provided strong evidence for host 
adaptation, with the same virus mutations appearing independently across multiple 
patients.*°° Importantly, however, there was no evidence for the quasispecies expectation that 
fitness was impacted by mutational neighborhood and hence no evidence for quasispecies 
dynamics. In other cases, such as influenza virus, the adaptive evolution required under 
quasispecies theory appears to be of limited importance within individual hosts, with random 
genetic drift and large-scale population bottlenecks playing a more important role.!”? Again, 
though, it is arguable that natural selection is so strong in these cases as to obscure any 
quasispecies effect, and that the latter model is a far better description of mutations subject to 
weaker positive selection as most natural selection will be in nature. This is clearly a major 
area for further study. 


Given a sufficiently high mutation rate, quasispecies is a viable and _ interesting 
evolutionary model that has undoubtedly helped introduce evolutionary ideas into virology. 
However, it is less clear whether the quasispecies concept can be successfully applied to 
RNA viruses in nature, where to date there has been no convincing evidence for its 


occurrence. This does not necessarily mean that the quasispecies model is wrong, but rather 
that too few RNA viruses have been studied in sufficient detail through a combination of 
deep sequencing and precise fitness assays to determine whether they form quasispecies, 
exemplified by a process of natural selection acting on the virus population as a whole. 


PATTERNS AND PROCESSES OF VIRAL 
GENOME EVOLUTION 


The Evolution of Virus Genome Size 


Viruses possess a remarkable range of genome sizes (Fig. 1.14). This is especially so in the 
case of DNA viruses in which genome sizes range from less than 2,000 nt in circoviruses 
(ssDNA) to a remarkable 2,473,870 nt (comprising 2,394 ORFs) in the case of Pandoravirus 
salinus (dsDNA),‘*®:2 hence covering over three orders of magnitude, although all ssDNA 
viruses have genomes less than 11,000 nt in length. A far narrower range of genome sizes is 
observed in RNA viruses. The smallest RNA virus currently known is HDV at only about 
1,700 nt, while the largest RNA viruses are from the order Nidovirales, and can possess 
genome sizes over 40,000 nt,**° and it is possible that ongoing metagenomic surveys will 
eventually uncover far larger viruses. Interestingly, there does not appear to be a major 
difference in genome size between segmented and unsegmented RNA viruses,!!° with, for 
example, the unsegmented Nidovirales possessing larger genomes than all segmented RNA 
viruses, and metagenomic studies have shown that invertebrate viruses often possess longer 
genomes than do their vertebrate counterparts.**°.**! This strongly suggests that genome 
segmentation has not evolved as a way to increase virus genome sizes. Similarly, 
metagenomic studies have revealed that in the case of some RNA virus families such as the 
Flaviviridae, the genomes of viruses are longer and more complex than those of their 
vertebrate counterparts,~*! although the reasons why are again unclear. 
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Figure 1.14 Currently known distribution of genome sizes (bp) in RNA and 
DNA viruses. Note the similarity in (small) genome sizes between RNA viruses, 
retroviruses, and single-stranded DNA (ssDNA) viruses. 


A variety of theories have been proposed to explain the evolution of genome sizes in viruses. 
One theory is that virus genome sizes are constrained by the maximum size of the genetic 
material that can be contained within a single capsid protein,*”“ and there does appear to be a 
strong allometric relationship between genome and virion sizes in viruses, although what 
drives what is difficult to resolve.*? However, the huge range of genome sizes, especially in 
DNA viruses, argues against this. The genome content of large DNA viruses in part reflects 
often frequent LGT and gene duplication (see later). In particular, the central part of the 
genome of many large DNA viruses is composed of a set of core genes that control basic 
biochemical functions, including replication, while the outer, flanking genes distinguish 
individual viruses and are often responsible for modulating immunity, host range, and 
virulence, and it is these that have often been captured from host genomes. This process of 
gene birth and depth has resulted in a great variation in genome sizes, with, for example, a 
massive increase in genome size from the ancestral NCLDV to those circulating today.!*° 
This evolutionary process, combined with the discovery of the giant viruses of algae and 
amoeba, suggests that there are unlikely to be strict constraints against genome sizes in large 
DNA viruses. Similarly, that bacteriophages are able to transiently carry large parts of 
bacterial genomes, which evidently plays a key role in LGT among bacterial species,!°’ also 
argues against strict constraints on genome size. 


However, it is also the case that certain structural features must constrain genome sizes to 
some extent. First, longer viral genomes are expected to cause an increase in replication 
times, which may be disadvantageous. Second, in the case of RNA viruses, it is possible that 
the difficulty in unwinding potentially long regions of dsRNA during replication inhibits the 


maximum genome size attainable.*!° For example, it has been argued that the unwinding of 
dsRNA in RNA viruses with genomes greater than 6,000 nt is controlled by the presence of a 
helicase (HEL) domain,?° the evolution of which allowed RNA viruses to greatly increase 
their genome size.?” 


A more plausible explanation for the range of viral genome sizes is that they reflect 
background mutation rates. As noted previously, there is a fundamental relationship between 
mutation rate and genome size that seemingly applies to all living systems (Fig. 1.7). 
Accordingly, dsDNA viruses with relatively low mutation rates will be able to attain 
relatively large genome sizes, while the small genomes observed in RNA and ssDNA viruses 
reflect the higher error rates seen in these systems. Perhaps paradoxically, the idea that 
mutation rates set genome size can be extended to explain the very large (by RNA virus 
standards) genomes seen in the Nidovirales. The major part of the genomes of these families 
is composed of a large (>20,000 nt) replicase gene that contains an ExoN domain encoding a 
3’ to 5’ exoribonuclease. As this ExoN domain is homologous to cellular proteins of the 
DEDD superfamily of exonucleases that are involved in proofreading and repair,!”® it is 
possible that Nidovirales reduce their error rate through some sort of proofreading activity of 
the 3’ to 5’ exoribonucleases.®! This, in turn, will reduce mutational load and allow larger 
genome sizes. 


A final important difference between RNA and dsDNA viruses with respect to genome 
size is that the former (as well as ssDNA viruses) frequently utilize overlapping open reading 
frames, whereas these are less common in the latter (although, e.g., the MO65R and MO66R 
genes of the poxvirus myxoma virus overlap by ~100 bp). Belshaw et al.'° noted 819 cases 
of gene overlap among 701 RNA virus genomes; 56% of the viruses examined possessed 
some degree of overlap, which nearly always involved a +1 or —1 frame shift. In addition, 
RNA viruses with longer genomes tend to show less gene overlap than do those with shorter 
genomes.!© Although the exact evolutionary processes responsible for the evolution of 
overlapping reading frames are uncertain, they clearly allow an increase in the number of 
proteins and hence the amount of protein diversity encoded by a single nucleotide sequence. 


The Evolution of Genome Organization 


It is arguable that viruses contain a greater diversity of genome structures and organizations 
than any other group of organisms. As well as the obvious division into RNA viruses, DNA 
viruses, and retroviruses, distinct genome structures include viruses in positive and negative 
sense orientations, those with single or double strands of the nucleic acid, those with single 
or multiple segments (which are usually multicomponent in the case of ssRNA+ viruses from 
plants), those that utilize subgenomic RNAs, and those like the coronaviruses that utilize 
ribosomal frame shifting. A key challenge for evolutionary virologists is therefore to explain 
why such a diverse array of structures exists. 


One of the most debated issues with respect to the evolution of genome structures in 
RNA viruses is why some are segmented and others not. As noted previously, one theory for 


the evolution of segmentation is that it evolved as a way of facilitating reassortment, 
although this seems unlikely.**° Similarly, there is no good evidence that segmentation 
allows the evolution of longer genomes. Another possibility is that genome segmentation, 
particularly in the case of multicomponent viruses, resulted from the intracellular selection 
for smaller RNAs that, because they are shorter, would have had a replication advantage over 
their full-length counterparts.'°! However, this theory cannot easily explain why 
multicomponent viruses are nearly all restricted to plants (although this may change with 
more extensive sampling). 


A competing theory for the evolution of genome segmentation is that it allows greater 
control over gene expression. Clearly, all RNA viruses need to control the levels of each 
protein they produce. For many ssRNA+ viruses such control occurs at the level of 
translation as this is necessarily the first step in the virus life cycle. Additional constraints 
faced by viruses of this type are that eukaryotic ribosomes only recognize the 5’ regions of 
mRNA molecules, so that internal start codons are not utilized, and mRNAs are usually 
monocistronic.!'!? Many ssRNA+ viruses therefore simply translate a single polyprotein that 
is proteolytically cleaved into individual protein products, which may represent the ancestral 
type of genome organization in ssRNA viruses. Although this genomic structure allows 
efficient replication, similar amounts of each protein product are produced, so that there is 
relatively little control over gene expression. As a consequence, other ssRNA+ viruses have 
evolved a variety of more complex ways to control gene expression, all of which can be 
envisioned as ways of dividing the viral genome into individual transcriptional units, within 
which transcription (and translation) can occur at different rates. Such a division can involve 
the creation of multiple genome segments, the utilization of subgenomic RNAs, and the use 
of a —1 ribosomal frameshift to produce multiple open reading frames as in the case of the 
Nidovirales'® (Fig. 1.15). 
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Figure 1.15 Schematic representation of the major types of genome organization 
and replication strategy in RNA viruses and a scenario for their evolutionary 
origin. Each of these organizations results in a different way to control gene 
expression, although they should not be considered as mutually exclusive. 
Unsegmented single-stranded RNA-positive (ssRNA+) viruses that produce a 
single polyprotein are considered here to be the ancestral type, although this is 
debatable. Gene and segment sizes are drawn approximately to scale within each 
of the six organizations, but not among them, and the 5’ and 3’ terminal 
sequences have been excluded for ease of presentation. (From Holmes EC. The 
Evolution and Emergence of RNA Viruses. Oxford: Oxford University Press, 
2009, by permission of Oxford University Press.) 


The situation is rather different in the case of ssRNA-— viruses. Because ssRNA- viruses by 
necessity transcribe their genomes before translating them, some control over gene 
expression can occur at the level of transcription; multiple mRNAs can be produced and 
there will be a transcriptional gradient from the first (i.e., 3’) mRNA, of which most is 
produced, to the last (5’) mRNA, of which least is produced. It is therefore possible that the 
ability to better control gene expression, itself through the control of transcription, represents 
the reason that negative-sense genomes evolved in the first instance. In this respect, it is 
significant that the genomes of unsegmented ssRNA- viruses possess a highly conserved 


gene order, cluster together on polymerase phylogenies, and can easily be classified within 
the Mononegavirales. Moreover, this genome order seems to be a function of the amount of 
each protein product required, such that the 3’ gene encodes the nucleocapsid while the 5’ 
gene encodes the RNA polymerase, again suggesting that it is an adaptation to facilitate the 
control of gene expression. 


It is also possible that some of the variation in the genome sizes of RNA viruses reflects 
the action of gene duplication. Indeed, gene duplication is one of the most important 
processes of genome evolution in eukaryotes and is a simple way to create new genes that, 
following subsequent mutation and adaptation, can exhibit different but related functions, 
which often appear as multigene families. However, it is striking how rarely this process has 
been observed in RNA viruses,!!° although more examples are being recovered from 
expansive metagenomic studies and highly divergent gene duplicates may be very difficult to 
detect. Only occasionally have gene duplication events been described that produce multiple 
complete (and sometimes tandemly repeated) genes,*®*°! although improvements in 
computational analysis are likely to reveal more. For example, phylogenetic analysis revealed 
that three proteins within the Flanders virus genome arose by gene duplication rather than 
simply being pseudogenes as previously reported.’ The difficulties in analyzing highly 
divergent sequences notwithstanding, there are good reasons for the relative rareness of gene 
duplication in RNA (and ssDNA) viruses. In particular, given the size limit on virus genome 
discussed throughout this chapter, increasing genome size through gene duplication is likely 
to result in major fitness losses through an increase in the load of deleterious mutations. 


The situation is very different in large dsDNA viruses, where cases of gene duplication, 
as well as gene loss, are a common observation and are evidently responsible for some of the 


size variations among viruses!*”*°? (Fig. 1.16). Gene duplication can occur in both the core 
and species-specific genes of large DNA viruses as signified by the presence of related gene 


pairs and multigene families.!’? For example, gene duplication has been commonplace in the 
E4 region of some adenoviruses*’ and in the terminal inverted repeats of the poxvirus 
myxoma virus, ‘*° although many other examples exist. The process of gene duplication may 
also be related to that of recombination. For example, in some poxviruses recombination 
seems to have resulted in the duplication, inversion, and transposition of genes to opposite 
ends of the genome.!®° Finally, the analysis of protein structure suggests that some of these 
gene duplication events may have occurred in the distant past and assisted in the production 
of very distinct proteins, such as the head-tail connector protein and tail tube protein of 
bacteriophage lambda.” 
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Figure 1.16 Genome evolution in DNA viruses. A: Processes of lateral gene 
transfer, from both hosts and other viruses, and gene duplication in large double- 
stranded DNA (dsDNA) viruses. Core viral genes, which are conserved across 
divergent taxa, are shown in red and often located in the central part of the 
genome. Genus and species-specific genes are shown as white and yellow, 
respectively, and more often located at the terminal regions of the genome. 
(Adapted from Shackelton LA, Holmes EC. The evolution of large DNA viruses: 
combining genomic information of viruses and their hosts. Trends Microbiol 
2004;12:458—-465, by permission of Cell Press.) B: Specific example of the 
comparative genomics of poxviruses. The figure shows a comparison of 92 gene 
families from 20 different poxviruses. Genes present in all the poxviruses 
analyzed are shown in red and are located in the central genomic regions. Those 
genes present in chordopox viruses only are shown in blue, while those present 
in orthopoxviruses only are shown in yellow. Vertical lines link orthologous 


genes. Horizontal differences are drawn proportional to genetic distances. (From 
McLysaght A, Baldi PF, Gaut BS. Extensive gene gain associated with adaptive 
evolution of poxviruses. Proc Natl Acad Sci U S A 2003;100:14960—14965, by 
permission of the US National Academy of Sciences. Figure kindly provided by 
Dr. Aoife McLysaght.) 


Lateral Gene Transfer and Modular Evolution 


A major way for bacteria to create evolutionary novelty is through lateral (or horizontal) gene 
transfer (LGT), which can sometimes result in genes being transferred for large phylogenetic 
distances.'°’ Both recombination and LGT are also important because they pose a major 
challenge to current phylogenetic protocols and may require a new computational tool 
kit.'**'4° As LGT will also result in an increase in virus genome size, unless the original 
gene is directly replaced by the invading gene (which is unlikely unless an exact excision is 
made, as faulty excision will result in deleterious mutants), it might be expected that it should 
only occur sporadically in RNA viruses. Although this initially appeared to be the case,!!° 
more recent metagenomic studies have now revealed multiple examples of this process, 
including the capture of some host genes.**? For example, LGT from the host genome was 
responsible for the appearance of two exoribonucleases in two RNA viruses found in the sea- 
slater, an invertebrate.2*° Another well-documented case of LGT in an RNA virus involves 
the acquisition by influenza C virus of the hemagglutinin-esterase (HE) gene of 
coronaviruses.!°° In reality, however, there are few reports of the stable integration of cellular 
sequences into the genomes of RNA viruses, although more are likely to be documented 
following more intensive metagenomic studies. 


The capture of host genes is very well documented in the case of large DNA viruses, 
including those from both bacteria*”’ and eukaryotes,'*° although the complex phylogenetic 
shadows cast by gene birth and gene loss means that it is sometimes difficult to determine 
from which host species and when these gene transfer events occurred. The poxviruses have 
been very well studied in this respect, with the interleukin-10 (IL-10) gene family and the 
vertebrate vascular endothelial growth factor (VEGFA) genes, which are distributed among 
both poxviruses and a range of vertebrates, as well as the DNA ligases, acting as good 
examples (and the IL-10 family is also observed in herpesviruses).7!7°!”° In fact, LGT is a 
common occurrence in all NCLDVs and covers an enormous taxonomic range of hosts.’“!7° 
For example, it has been suggested that mimivirus acquired some 10% of its total gene 
content from bacterial species, including a number of mobile genetic elements.’* In 
poxviruses, gene content seems to change more rapidly than gene order, reflecting the fact 
that species-specific genes tend to get added to the extremities of genomes (Fig. 1.16). That 
the flanking genes of large DNA viruses are often the ones captured by the host in turn 
suggests that internal gene orders are optimized to the extent that disrupting them may result 
in major fitness losses. Similarly, human herpesviruses contain homologs to such important 


immune genes as those that encode cytokines, chemokines, and complement system proteins, 
as well as those of the immunoglobulin superfamily.‘©?7!° These genes may modulate the 
immune response of the host, often by interfering or mimicking their cellular homologs. 
However, it is not only host immune genes that are acquired by dsDNA viruses. As a case in 
point, iridoviruses encode a number of cellular proteins that seem essential for virus 
replication.7°° 


It is also the case that LGT has occurred among large DNA viruses and is particularly 
well documented in bacteriophage, where it appears to be a common mode of molecular 
evolution (see below)!°! (and phage-mediated LGT is of course a key process of bacteria 
evolution,!?” as well as in a number of eukaryotic viruses,*’ including the giant viruses from 
the Mimiviridae and Pandoraviridae.'*® As another example, the entomopoxvirus Amsacta 
moorei virus (AMV) contains a number of genes that have been acquired from 
baculoviruses.!*? However, as with the case of LGT among viruses and hosts, it is often hard 
to pinpoint the exact origin and direction of any gene transfer event. 


Less clear is exactly how viruses capture host genes. Although such an event could 
obviously occur through direct recombination, this would require entry into the nucleus and 
would result in virus genes containing introns. An alternative possibility is that 
complementary DNA (cDNA) copies of spliced cellular mRNAs, which do not contain 
introns, have been inserted into virus genomes, perhaps utilizing the RTs present in cellular 
retroelements.*°° On the other hand, LGT that occurs among viruses, or between viruses and 
bacteria, most likely occurs during host co-infections. 


One of the most interesting developments in studies of virus evolution in recent years has 
been the observation of segments of RNA virus genomes incorporated into host cellular 
genomes. For retroviruses that make dsDNA and enter the cell nucleus, as well as small 
ssDNA viruses that are so restricted in size that they do not carry their own polymerase genes 
and similarly must enter the cell nucleus, the presence of these integrated virus genes is 
perhaps not a surprise. Indeed, it has been known for many years that much of the eukaryotic 
genome was composed of endogenous retroviruses.7)*°? More surprising was the discovery 
that RNA viruses, which do not make a DNA genomic copy and often replicate in the 
cytoplasm, could also become integrated into host genomes (in the form of EVEs; see 
earlier). The first clear-cut case of virus-to-host LGT to be documented involved sequences 
closely related to those of insect flaviviruses and found to be integrated into the genomes of 
Aedes mosquitoes.“4 Since this time, a number of other examples have been discovered, 
including bornavirus,!'® filoviruses,*°? and rhabdoviruses,!*° often comprising a very wide 
range of hosts.!!°4° Similarly, EVEs have also been documented in a number of small DNA 
viruses, including circoviruses, parvoviruses,!~'®-!29-!59 and hepadnaviruses.?>*9 


As noted at the start of this chapter, the presence of these endogenous virus elements has 
changed our perspective of the time scale of virus evolution, providing important evidence 
that some virus families are older than previously anticipated. However, these sequences 
raise other interesting questions, most notably by what mechanisms single-stranded RNA is 


converted into double-stranded DNA. The most plausible answer involves interaction with 
the cellular retroelements that are an abundant component of eukaryotic genomes, with the 


L1 long interspersed nucleotide elements a notable example!!® (Fig. 1.3). In addition, some 
EVEs appear to be more conserved than expected if they were evolving in a strictly neutral 


manner, free of all selective constraints.‘°° As such, some of these endogenous virus copies 
may be of functional importance, perhaps because they confer resistance against related 


exogenous viruses.! 


Finally, one process of genome evolution that is mechanistically similar to that of LGT, 
and that has been of great historical importance in studies of virus evolution, is that of 


modular evolution.*° This theory posits that viral genomes can be thought of as comprising a 
series of functional modules, such as those containing the capsid and the polymerase, that can 
be exchanged through recombination, and in doing so sometimes create entirely new viruses. 
For example, it has been suggested that some RNA viruses were created through a process of 


modular evolution,!°° and evidence that this is the case has increased through metagenomic 


studies.*4° Indeed, interfamily phylogenetic trees based on RdRp sequences are often 
markedly different to those derived from viral capsids, indicative of relatively widespread 
recombination and LGT which would drive modular evolution. In addition, it has been 
proposed that extensive sharing among diverse taxa dominates the evolution of DNA 


viruses.'“° Finally, there is evidence that recombination may occasionally reflect aspects of 


genome modularity in some small DNA viruses,!*”!© as well as some RNA viruses, which is 
compatible with a form of modular evolution. 
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Viruses in the family Picornaviridae comprise nonenveloped particles with a single-stranded 
RNA (ssRNA) genome of positive polarity. Among the many members of this family are 
numerous important human and animal pathogens, such as poliovirus, hepatitis A virus, foot- 
and-mouth disease virus (FMDV), enteroviruses, coxsackieviruses, and rhinoviruses. The 
name of the virus family was intended to convey the small size of the viruses (pico, a small 
unit of measurement [107 !]) and the type of nucleic acid that constitutes the viral genome 
(RNA). 

Picornaviruses have played important roles in the development of modern virology. 
FMDV was the first animal virus to be discovered, by Loeffler and Frosch in 1898.47 
Poliovirus was isolated 10 years later,*°° a discovery spurred by the emergence of epidemic 
poliomyelitis at the turn of the 20th century. The discovery in 1949 that poliovirus could be 
propagated in cells in culture led to studies of viral replication.‘®° The plaque assay, an 
essential method for quantification of viral infectivity, was developed using poliovirus.!”° 
The first RNA-dependent RNA polymerase identified was that of mengovirus,*® a 
picornavirus, and the synthesis of a precursor polyprotein from which viral proteins are 
derived by proteolytic processing was first identified in poliovirus-infected cells.°© The first 
infectious DNA clone of an animal RNA virus was that of poliovirus,°°! and the first three- 
dimensional structures of animal viruses determined by x-ray crystallography were those of 
poliovirus*°’ and rhinovirus.°°’ Poliovirus RNA was the first messenger RNA (mRNA) 
shown to lack a 5’ cap structure.*?>°8 This observation was subsequently explained by the 
finding that the genome RNA of poliovirus, and other picornaviruses, is translated by internal 
ribosome binding.*°°°*? Because they cause serious diseases, poliovirus and FMDV have 
been the best-studied picornaviruses. Research on poliovirus has produced two effective 
vaccines, and it is likely that poliomyelitis will be eradicated from the globe in the near 
future. The World Health Organization (WHO) has established a future goal of cessation of 
vaccination, at which time all poliovirus stocks must be destroyed. When this historic event 
takes place, all research on this virus will cease, as has already been the case for type 2 
poliovirus, which has been declared eradicated by the WHO.**? Consequently, other 
picornaviruses have become the focus of research on fundamental mechanisms of 
reproduction. 


CLASSIFICATION 


The family Picornaviridae is part of the order Picornavirales and comprises 40 genera (Table 
2.1), all of which contain viruses that infect vertebrates.°'4 The number of new 
picornaviruses has seen a stunning increase in the past 5 years, mainly due to metagenomic 
analysis. In many cases, classification is based only on genome sequences, and no virus 
isolates are available. It is therefore unknown if replication occurs in the hosts from which 
these nucleic acids were isolated. Some of the best-studied picornaviruses are described 
below. 


TABLE 2.1 Members of the family Picornaviridae 


Aalivirus 
Ampivirus 
Aphthovirus 


Aquamavirus 


Avihepatovirus 


Avisivirus 
Bopivirus 
Cardliovirus 


Cosavirus 


Crohivirus 
Dicipivirus 
Enterovirus 


_ Erbovirus 


Gallivirus 
Harkavirus 
Hepatovirus 


Hunnivirus 


Kobuvirus 


Kunsagivirus 
Limnipivirus 
Megrivirus 
Mischivirus 
Mosavirus 
Orivirus 
Oscivirus 
Parechovirus 


Pasivirus 
Passerivirus 
Potampivirus 
Rabovirus 
Rosavirus 
Sakubovirus 
Salivirus 
Sapelovirus 


Senecavirus 


Shanbavirus 
Sicinivirus 
Teschovirus 
Torchivirus 
Tremovirus 


Aalivirus A 

Ampivirus A 

Foot-and-mouth disease virus 
Equine rhinitis A virus 

Bovine rhinitis A virus 


Aquamavirus A 

Avihepatovirus A 

Avisivirus A 

Bopivirus A 

Cardiovirus A (encephalomyocarditis viruses 1-2, Theiler murine encephalomyelitis virus) 


Cardiovirus B (Vilyuisk human encephalomyelitis virus, Saffold viruses 1-11) 
Cardiovirus C 


Cosavirus A-F 


Crohivirus A, B 

Cadicivirus A 

Enterovirus A (coxsackievirus, enterovirus) 
Enterovirus B (coxsackievirus, echovirus, enterovirus) 
Enterovirus C (poliovirus, coxsackievirus, enterovirus) 
Enterovirus D (enterovirus) 

Enterovirus E (group A bovine enteroviruses) 
Enterovirus F (group B bovine enteroviruses) 
Enterovirus G (porcine enteroviruses) 

Enterovirus H (simian enteroviruses) 

Enterovirus | (camel enterovirus) 

Enterovirus J (simian enteroviruses) 

Enterovirus K (rodent enterovirus) 

Enterovirus L (monkey enterovirus) 

Rhinovirus A 

Rhinovirus B 

Rhinovirus C 


Erbovirus A 


Gallivirus A 

Harkavirus A 

Hepatovirus A (hepatitis A virus) 
Hepatovirus B-I 


Hunnivirus A 
Aichivirus A-F 


Kunsagivirus A-C 
Limnipivirus A-C 
Megrivirus A-E 
Mischivirus A-C 
Mosavirus A 
Orivirus A 
Oscivirus A 
Parechovirus A-D 


Pasivirus A 
Passerivirus A 
Potampivirus A 
Rabovirus A 
Rosavirus A 
Sakubovirus A 
Salivirus A 

Avian sapelovirus 
Sapelovirus A, B 


Senecavirus A 


Shanbavirus A 
Sicinivirus A 
Teschovirus A 
Torchivirus A 
Tremovirus A 


The genus Aphthovirus consists of four species: foot-and-mouth disease virus (FMDV), 
bovine rhinitis A virus, bovine rhinitis B virus, and equine rhinitis A virus. FMDV infects 
cloven-footed animals (e.g., cattle, goats, pigs, and sheep), primarily via the upper respiratory 
tract, and has been isolated from at least 70 species of mammals. Seven serotypes of FMDV 
have been identified, and within each serotype, there are many subtypes. These viruses are 
highly labile and rapidly lose infectivity at pH values of less than 6.8. 


There are three species within the genus Cardiovirus: Cardiovirus A, Cardiovirus B, and 
Cardiovirus C. Isolates of Cardiovirus A include encephalomyocarditis viruses (EMCV) 1 to 
2 and Theiler murine encephalomyelitis virus. These are murine viruses, which can also 
infect many other hosts, including humans, monkeys, pigs, elephants, and squirrels. 
Cardiovirus B includes Vilyuisk human encephalomyelitis virus and Saffold viruses 1 to 11. 


There are 15 species in the Enterovirus genus: Enterovirus A to L and Rhinovirus A to C. 
Common members of this genus include polioviruses (3 serotypes), coxsackieviruses (28 
serotypes), echoviruses (28 serotypes), human enteroviruses (53 serotypes), and many 
nonhuman viruses. There are 78, 30, and 51 types of Rhinoviruses A, B, and C, 
respectively.°** Enteroviruses such as poliovirus and some coxsackieviruses replicate in the 
alimentary tract and are resistant to low pH. The acid-labile rhinoviruses (so named because 
they replicate in the nasopharynx) are important agents of the common cold. Rhinoviruses 
may also replicate in the lower respiratory tract; human rhinovirus C have been associated 
with severe lower respiratory tract disease.*°* Enterovirus D68 is unusual in that it shares 
genetic and biochemical properties of poliovirus and rhinovirus. This acid-labile virus 


replicates in both the upper and lower respiratory tracts and may be associated with a polio- 
like acute flaccid paralysis.32.250-360,394,437,462,464-466,552,658,659 


The genus Hepatovirus with nine species has one human pathogen, Hepatovirus A, 
hepatitis A virus. Other members of this genus infect bats, hedgehogs, and shrews. Hepatitis 
A virus particles are highly stable and resistant to acid pH and high temperatures (60°C for 
10 minutes). The virus infects epithelial cells of the small intestine and hepatocytes. An 
unusual feature of hepatitis A virus is the acquisition of a lipid envelope during nonlytic 


release from cells.1°” 


The Parechovirus genus contains four species, Parechovirus A to D. The 16 different 
types of Parechovirus A are etiologic agents of respiratory and gastrointestinal disease. 
Proteins of parechoviruses are substantially diverged from those of other picornaviruses, with 
no greater than 30% amino acid identity. Ljungan virus is a virus of rodents within 
Parechovirus B. 


The Erbovirus genus consists of one species, Erbovirus A, with three types of equine 
rhinitis B virus. These viruses cause upper respiratory tract disease in horses that is 
associated with viremia and fecal shedding of virus particles. The Kobuvirus genus contains 
six species, Aichivirus A to F, which cause gastroenteritis in humans and possibly in other 
animals. The Teschovirus genus consists of Teschovirus A with 13 types of porcine 
teschovirus. Some isolates can cause polioencephalitis in pigs, also called Teschen/Talfan 
disease or teschovirus encephalomyelitis. There are three species in the Sapelovirus genus: 


Avian sapelovirus and Sapelovirus A and B. Porcine sapelovirus, classified in Sapelovirus A, 
is a ubiquitous virus of pigs first isolated in the 1950s. The sole species in the genus 
Senecavirus is Senecavirus A whose members are found in pigs throughout the United States, 
Brazil, and China. Virus infection causes blisters on the snout and hoofs,!*!°* though the 
prototype isolate, Seneca Valley virus 001, is nonpathogenic in both pigs and humans. This 
trait has been exploited for the clinical development of Seneca Valley virus as a safe and 
effective oncolytic agent for treating human tumors.!0°" 


The picomavirus family will continue to expand, as hundreds of genome sequences of 
these viruses have been determined but not yet assigned to either a species or genus.°”’ 


VIRION STRUCTURE 


Physical Properties 


Picornavirus particles are spherical with a diameter of about 30 nm and consist of a protein 
shell surrounding the naked RNA genome (Fig. 2.1A). Infectivity is insensitive to organic 
solvents as the particles lack a membrane. Cardioviruses, enteroviruses (except enterovirus D 
viruses), hepatoviruses, and parechoviruses are acid stable and retain infectivity at pH values 
of 3.0 and lower. In contrast, rhinoviruses and aphthoviruses are labile at pH values of less 
than 6.0. Differences in pH stability reflect the sites of replication of the virus. For example, 
rhinoviruses and aphthoviruses replicate in the respiratory tract and need not be acid stable. 
Because they are acid labile, they cannot replicate in the alimentary tract. Cardioviruses, 
enteroviruses, hepatoviruses, and parechoviruses pass through the stomach to gain access to 
the intestine and, therefore, must be resistant to low pH. The structural basis for the acid 
lability of FMDV and enterovirus D68 is partly understood (see Entry into Cells). 


FIGURE 2.1 Structural features of picornaviruses. A: Electron micrograph of 
negatively stained poliovirus (x270,000 magnification). B: Schematic of the 
picornavirus capsid, showing the pseudoequivalent packing arrangement of VP1 


(blue), VP2 (yellow), and VP3 (red). VP4 (green) is on the interior of the capsid. 
A single biologic protomer is colored. C: The topology of the polypeptide chain 
in B-barrel jelly roll, which composes the core of the three capsid proteins, VP1, 
VP2, and VP3. The f-strands, named by the letters B to I, form two antiparallel 
sheets juxtaposed in a wedge-shaped-like structure. The loops that connect B- 
strands are denoted by two letters reflecting those they connect. Individual capsid 
proteins VP1, VP2, VP3, and VP4 are shown as cartoon representations of the 
alpha carbon backbone. D: Model of poliovirus type 1, Mahoney, based on x-ray 
crystallographic structure determined at 2.9 A. Two adjacent pentamers aligned 
at the twofold axis of symmetry are shaded dark gray. A single protomer is 
colored and also expanded at right as a cartoon of the alpha carbon backbone; 
capsid proteins are color coded according to (B). 


The buoyant densities of picornaviruses are quite different (Table 2.2). Cardioviruses and 
enteroviruses have a buoyant density of 1.34 g/mL, that of FMDV is 1.45 g/mL, and 
rhinoviruses have an intermediate value (1.40 g/mL). The reason for the difference lies in the 
permeability of the viral capsid to cesium. The capsid of poliovirus does not allow cesium to 
reach the RNA interior; hence, the virus sediments at an abnormally light buoyant density.??! 
In contrast, Aphthovirus capsids contain pores that allow cesium to enter.! The rhinovirus 
capsid is permeable to cesium, but the presence of polyamines in the capsid interior limits the 
amount of cesium that can enter, which provides a possible explanation for the intermediate 
buoyant density value of these viruses.77! 


TABLE 2.2 Physical properties of some picornaviruses 


pie 
: 


Aphthovirus Labile, <6.8 1.43-1.45 142-146S 


Cardiovirus Stable, 3-9 1.33-1.34 160S 
Enterovirus 

Enteroviruses Stable, 3-9 1.34 160S 
Rhinoviruses Labile, <6 1.40 1460S 
Hepatovirus Stable 1.32-1.34 160S 
Parechovirus Stable 1.36 160S 
Kobuvirus Stable, >4 1.25-1.30 140-165S 
Teschovirus Stable 1.35 


Ratio of Particles to Infectious Viruses 


The ratio of particles to infectious virus is determined by dividing the number of virus 


particles in a sample (determined by electron microscopy or _ spectrophotometric 
measurements) by the plaque titer, yielding the particle-to—plaque-forming unit (pfu) ratio. 
This ratio is a measurement of the fraction of virus particles that can complete an infectious 
cycle. The particle-to-pfu ratio of poliovirus ranges from 30 to 1,000, and that of other 
picornaviruses is in the same range. The high particle-to-pfu ratio may be caused by the 
presence of lethal mutations in the viral genome. This explanation, however, probably does 
not apply to all picornaviruses; it has been shown that the infectivity of Aphthovirus RNA 
approaches one infectious unit per molecule.’ An alternative explanation is that all viruses 
do not successfully complete an infectious cycle because they fail at one of several essential 
steps, including attachment, entry, replication, and assembly. For additional discussion of the 
role of mutation in the particle-to—plaque-forming unit ratio, see Origins of Diversity. 


High-Resolution Structure of the Virus Particle 


The capsids of picornaviruses are composed of three structural proteins: VP1, VP2, and VP3. 
All but hepatoviruses and kobuviruses have a fourth protein, VP4, in the capsid interior, 
which is the N-terminal cleavage product of the VP2 precursor, VPO. The results of x-ray 
diffraction studies, electron microscopic observations, and biochemical studies of virus 
particles and their dissociation products led to the hypothesis that the picornavirus capsid 
contains 60 structural units composed of three virus-specific proteins arranged into an 
icosahedral lattice.°'* Our understanding of the architecture of picornaviruses was 
substantially advanced in 1985 when the atomic structures of poliovirus type 1°°° and human 
thinovirus type 14°°’ were determined by x-ray crystallography. Since then, the high- 
resolution structures of over 200 picornaviruses have been determined. 


The smallest structural unit of the picornavirus capsid is the protomer, which is built with 
one copy of each capsid protein (Fig. 2.1B, C). Five protomers form the pentamer, and 60 
pentamers form the characteristic icosahedral capsid of this family of viruses. The virus 
particles are described as a pseudo T = 3 structure because they are constructed with three 
different polypeptides. 


VP1, VP2, and VP3, which compose the outside of the shell of the particle, have no 
sequence homology, yet all three proteins have the same topology: they form an eight- 
stranded, antiparallel 6-barrel (also called a B-barrel jelly roll or a Swiss-roll B-barrel) (Fig. 
2.1C). The picornavirus particle is therefore composed of 180 f-barrels: 60 f-barrels each of 
VP1, VP2, and VP3. 


The f-barrel is a wedge-shaped structure made up of two antiparallel B-sheets (Fig. 
2.1C). One B-sheet forms the wall of the wedge, and the second, which has a bend in the 
center, forms both a wall and the floor. The wedge shape facilitates the packing of structural 
units to form a dense, rigid protein shell. Packing of the B-barrel domains is strengthened by 
a network of protein—protein contacts on the interior of the capsid, particularly around the 
fivefold axes, generating a pentamer. This network, which is formed by the N-terminal 
extensions of VP1 to VP3 as well as VP4, is essential for the stability of the virus particle. 
The increased length of VP4 in kobuviruses leads to the “bow and arrow” shape of the 


protein, allowing more extensive interactions between VP4 and the other protomers of a 
pentamer and formation of an extensive network at the inner surface of the capsid. Despite 
these interactions, stability of kobuvirus particles is very similar to that of other 
enteroviruses. The lack of extensive interactions between pentamers in the Aphthovirus 
capsid renders these virions the least stable of all picornaviruses. 


A different organization in the structure of hepatitis A virus is caused by a flip in the 
torsion angle of the peptide at VP2 residue 53, which sends the chain across the 
interpentamer boundary. The consequence is that neighboring protomers of one pentamer are 
linked together via the adjacent pentamer. Such an arrangement is not seen in other 
picornaviruses but does occur in insect picorna-like viruses. Together with properties of the 
pocket (see below), these observations suggest that hepatitis A virus is a primordial 
picornavirus. 


The antiparallel 6-sheets of each capsid protein are connected to each other via the BC, 
HI, DE, FG, GH, and CD loops (Fig. 2.1C). These loops confer the main structural 
differences among VP1, VP2, and VP3: their amino acid sequences and length give each 
picornavirus its distinct morphology and antigenicity. The N- and C-terminal sequences of 
each protein extend from the B-barrel domain. The C-termini of the proteins are located on 
the surface of the virion, and the N-termini are in the interior, indicating that significant 
rearrangement of the P1 precursor occurs on proteolytic cleavage (see Assembly of Virus 
Particles). 


Resolution of the structures of poliovirus and rhinovirus revealed that the f-barrel 
domains are strikingly similar in structure to those of plant viruses such as southern bean 
mosaic virus and tomato bushy stunt virus. The capsid proteins of these viruses bear no 
sequence homology with those of the picornaviruses. It has since become apparent that 
similar protein topology is found in the capsid proteins of many plant, insect, and vertebrate 
positive-strand RNA viruses as well as in the DNA-containing polyomaviruses and 
adenoviruses. These findings suggest that either the polypeptides evolved from a common 
ancestor or the f-barrel domain is one of the few ways to allow proteins to pack to form a 
sphere. 


VP4 lies on the inner capsid surface and differs significantly from the other three proteins 
in that it has an extended conformation (Fig. 2.1D). This protein is similar in position and 
conformation to the NH,-terminal sequences of VP1 and VP3 and functions as a detached 
NH,-terminal extension of VP2 rather than an independent capsid protein. In some viruses, 
such as the kobuviruses and parechoviruses, VPO remains uncleaved. In the Aichi virus 
capsid, the consequence is a unique extended “bow and arrow” structure described above. In 
kobuviruses, uncleaved VP4 is approximately 30 to 50 amino acids longer than in other 


picornaviruses, °! while in hepatitis A virus VP4 is very small. 


Surface of the Virus Particle 


Resolution of the structures of poliovirus, rhinovirus, and mengovirus revealed that the 


surfaces of these viruses have a corrugated topography: a prominent, star-shaped plateau 
(mesa) and solvent-filled channel at the fivefold axis of symmetry, surrounded by a deep 
depression (canyon) and another protrusion (three-bladed propellers) at the threefold axis 
(Fig. 2.2). The spike-like protrusions on the external surface of the capsid reflect the length 
and amino acid composition of the loops. Despite VP1 being the most external and antigenic 
capsid protein of picornaviruses, the majority of residues that line the canyon are derived 
from the core of VP1, while the loops form the star-shaped mesa. The unstructured ends of 
VP1 are found at the fivefold axes. In contrast, the unstructured ends of VP2 and VP3 are 
found at the threefold axes, while the cores of these proteins are woven together to form the 
hubs of the propellers. The propeller blades are made up by the EF loop of VP2 and 
supported by the GH loop of VP1 and the C-terminus extensions of VP1 and VP2. The north 
wall of the canyon lies near the fivefold axis and is composed of two N-terminal loops of 
VP1, the BC and DE loops. The C-terminal GH loop of VP1 as well as parts of VP2 and VP3 
form the south wall and floor of the canyon. The GH loop of VP1 also forms the entrance to 
and defines the VP1 hydrophobic pocket (Fig. 2.3). Additionally, the C-terminus of VP3 
decorates the north side of the canyon. The GH loop of VP0/VP2 forms the antigenic “puff.” 
The remaining loops of VPO/VP2 and VP3 are not long enough to deform the particle 
surface. However, the b B-sheet of VP3 is fractured, leaving a long hairpin loop, “the knob,” 
to extend from the surface of the virion. The internalized N-termini of VP3, a parallel B-tube, 
together with a three-stranded B-sheet of the myristylated N-termini of VP4, compose the 
plug of the solvent channel. 


Hepatitis A virus Aichi virus Enterovirus D68 Poliovirus type 1 


FIGURE 2.2 Structures of four different picornavirus virus particles. In all 
panels, VP1 is blue, VP2 is yellow, and VP3 is deep pink. Surface view of the 3 
A structure of the hepatitis A virus particle, which lacks both a canyon and a VP1 
hydrophobic pocket, determined by x-ray crystallography of purified virions 
[4QPI]. The smooth surface of the particle is due to woven interactions between 
pentamers that prevent formation of the canyon that surrounds the fivefold axes 
of symmetry. Surface view of the 3.7 A structure of the Aichi virus virion, which 
lacks a VP1 hydrophobic pocket but deep pits are found at the fivefold axes, 
determined by cryo-EM reconstruction [5GKAJ]. Surface view of the 2 A 


structure of the enterovirus D68 (Fermon) particle, has a shallow canyon and ill- 
formed VP1 hydrophobic pocket filled with a C12 cell lipid, determined by x-ray 
crystallography of purified virions [4WM8]. Surface view of the 2.2 A structure 
of the poliovirus type 1 particle, possess both a deep canyon and VP 1 
hydrophobic pocket occupied by a C16 cell lipid, determined by x-ray 
crystallography of purified virions [1HXS]. 


Poliovirus Type 1 Rhinovirus C15 


FIGURE 2.3 The hydrophobic pocket in the picornavirus capsid. VP1 is blue, 
VP2 is yellow, VP3 is deep pink, and VP4 is green. Cellular lipid bound in the 
hydrophobic pocket of poliovirus type 1. Top view of the poliovirus protomer, 
consisting of one copy each of VP1, VP2, VP3, and VP4. RNA is below, and the 
fivefold axis of symmetry is at the upper left. Orange spheres represent what is 
believed to be a molecule of sphingosine bound in the hydrophobic pocket. The 
lipid is just below the canyon floor [1HXS]. Top view of the rhinovirus C15 
protomer, consisting of one copy each of VP1, VP2, and VP3. RNA is below, 
and the fivefold axis of symmetry is at the upper left. Capsid proteins are colored 
as in panel A. In orange are amino acids of VP1 GH loop (V1156, 11130, F1132, 


F1167, 11120, V118, 11169, M1116, W1080, F1096, M1180, Y1178, 11094) and 
one within VP3 (13024) that occlude the hydrophobic pocket, inhibiting binding 
of the cellular lipid and activity of pocket-binding antiviral compounds [SKOU]. 


The presence of the canyon prompted the hypothesis that this depression is the receptor- 
binding site, which has been proved for a number of enteroviruses. Not all picornaviruses 
have canyons: the surface of cardioviruses and senecaviruses bears a series of depressions or 
“pits,” which are involved in receptor binding, while the surface of FMDV, echoviruses, 
enterovirus D68, hepatitis A virus, and kobuviruses is much smoother (Fig. 2.2). The pits 
around the fivefold axes of cardioviruses are filled by the CD loop of VP1, and the VP2 
“puff” is subdivided into two, puff A and puff B. The VP3 “knob” is the most prominent 
projection of the capsid and is composed of two f-strands. Also, within the CD loop of VP3, 
which is close to the knob, is a disulfide bond between cysteines that are separated by one 
amino acid. This disulfide bond introduces a sharp bend, which when disrupted results in a 
decrease of virus infectivity and increase in particle stability.4°° As will be discussed later, a 
flexible loop that projects from the capsid surface binds to the cellular receptor for FMDV 
and cardioviruses. Unlike the canyon of enteroviruses and other parechoviruses, the canyon 
of human parechovirus 3 is wide and shallow.°"* 


Interior of the Virus Particle 


A network formed by the N-termini on the interior of the capsid contributes significantly to 
the stability of the virion. For the majority of picornaviruses, the N-terminus of VP1 lines the 
interior of the virus particle along the fivefold axis, where the N-termini of five VP3 
molecules form a cylindrically parallel B-sheet. This structure is surrounded by five three- 
stranded f-sheets formed by the N-termini of VP4 and VP1. The crystal structure of 
enterovirus A71, however, revealed an alternative organization of the interior of the capsid. 
Underneath the aA helices of VP2 and adjacent to the twofold axes and across the protomer 
lies the very N-terminus of VP1, while VP4 forms a loose spiral beneath VP17°9 (Fig. 2.4). 
For picornaviruses such as human parechoviruses, in which VPO is not cleaved, the N- 
terminus does not surround the fivefold axis; instead, it straddles the adjacent threefold axes 
forming a loop, which stabilizes VPO of the neighboring pentamer.°°* The myristate group 
attached to the N-terminus of VP4 mediates the interaction between the VP3 cylinder and the 
three-stranded f-sheet of VP4 and VP1.!*° Interactions among pentamers are stabilized by a 
seven-stranded f6-sheet, composed of four B-strands of the VP3 f-barrel and one strand from 
the N-terminus of VP1 that surround a two-stranded B-sheet made from the N-terminus of 
VP2 from a neighboring pentamer.!%* 


Enterovirus A71 Rhinovirus A16 


FIGURE 2.4 The unique inner organization of the enterovirus A71 particle. VP1 
is blue, VP2 is yellow, VP3 is deep pink, and VP4 is green. Turquoise arrows 
point to N-terminus of VP1. Interior of the enterovirus A71 pentamer showing 
amino acids 1 to 26 of VP1 as a ribbon. This part of VP1 lays across the 
protomer underneath the aA helices of VP2 next to the twofold axes, while the 
loose spiral of VP4 (shown as a ribbon) is beneath VP1 [3VBS]. Interior of 
human rhinovirus 16 pentamer illustrates the more typical organization of amino 
acids of 1 to 28 of VP1 (shown as ribbon), which fold toward the fivefold axis 
and the five N-termini of VP4, which form five three-stranded B-sheets (shown 
as ribbon) [1AYN]. 


Poliovirus genomes containing an extra 1,250 nucleotides (17%) can be successfully 
packaged, indicating that the interior of the capsid is not fully occupied.? For some 
picornaviruses, it has been possible to visualize the RNA genome, which is highly condensed 
and may be evenly packed into the particle at a concentration of 800 mg/mL.!72°°8 The RNA 
is arranged in multiple layers approximately 18 A apart, with a similar distance between the 
most external layer and inner capsid shell. For some picornaviruses such as Coxsackievirus 
A16, the RNA is more condensed and arranged so that a 15-A gap exists between the genome 
and the capsid.°°° In cardioviruses, the inner and outer edges of the RNA genome are located 
35 and 95 A away from the center, respectively.*°° 

It has been suggested that picornaviral capsids are stabilized by interactions with the 


RNA genome, based on findings with bean pod mottle virus, which is related to 
picornaviruses. In this virus, ordered RNA can be observed at the threefold axis, and 


packaging of viral RNA stabilizes subunit interactions.!!94°° Several nucleotides have been 
tentatively identified in a similar location in the structures of P3/Sabin and rhinovirus type 
14.*°!92 In the atomic structure of poliovirus P2/Lansing, RNA bases have been observed 
stacking with conserved aromatic residues of VP4.*° The structures of rhinovirus 2, Seneca 
Valley virus, and Coxsackievirus A10 also revealed the arrangement of the RNA within the 
capsid.°°”7!9:779 Much of the nucleic acid contacts the inner surface of the capsid, 
particularly near the twofold axes under VP2. The RNA forms a shell that contacts both VP2 
and VP4 and which could serve as a scaffold for capsid assembly or might contribute to 
virion stability. A basic motif at the N-terminus of Ljungan virus VP3 around the fivefold 
axes interacts with 15 bases of ordered genomic RNA.’°° The basic amino acids constitute a 
positively charged environment that counters the negative charge of the RNA phosphate 
moieties. Approximately 900 bases, or 12% of the viral genome, are ordered within the 
capsid. The Coxsackievirus A10 virion is distinct in that the N-terminus of VP4 lies under 
the adjacent protomer and is of the opposite charge. The reversed orientation of the charge 
reveals a novel interaction between the inner capsid proteins and the tightly compacted RNA 
genome.’”? Additionally, amino acids of VP1 and VP3 that lie beneath the base of the canyon 
also interact with the RNA genome, suggesting that transmission of a signal is necessary for 
uncoating. Furthermore, the majority of the RNA within the particle does not exhibit 
icosahedral symmetry; instead, the RNA takes on a spherical shape with pseudo-fivefold 
symmetry. Analysis of the human parechovirus 3 structure determined that 25% of the 
genome is ordered and takes on a “finger-like” structure contacting the BIC terminus of VP1 
and the N-terminus of VP3 around the 60 vertices. Interaction between the N-terminus of 
VP3 and two RNA stem-loops was also observed.°* 


Hydrophobic Pocket 


Lipids in the Virus Particle 


Within the core of VP1, just beneath the canyon floor of many picornaviruses, is a 
hydrophobic tunnel or pocket (Fig. 2.3). Electron density observed in this area has been 
interpreted to be cell-derived lipids called “pocket factors” that regulate the conformational 
states of the virus during cell entry. Members of Enteroviruses A, B, and C have a well- 
formed pocket factor with a long aliphatic chain. In poliovirus types 1 and 3, the pocket 
factor is the C18 sphingosine!** (Fig. 2.3). A C12 lipid occupies the pocket of human 
rhinoviruses types A16 and A2, a C16 lipid sits within the pocket of Coxsackievirus 
B3,708,364,487 and Coxsackievirus A21 is believed to carry myristic acid.”? A mixture of 
palmitic and myristic acid is present in the pocket of bovine enterovirus,°“* and a branched, 
elongated lipid is found in the pocket of Coxsackievirus A24 and swine vesicular disease 
virus.’*!7®? In the enterovirus A71 virus particle, the C18 pocket factor is partly exposed on 
the floor of the canyon.°°° The pocket of some isolates of enterovirus D68, including the 
prototype Fermon, is shallow and ill-formed and contains a C10 lipid,*!” while in other 


isolates, the pocket is fully collapsed and unable to accommodate the lipid.*!® This trait, the 
absence of pocket factor, has also been recognized for rhinoviruses types B3 and B14, in 


which the pocket is empty and not well formed.’? In rhinovirus C15, the pocket is collapsed 
but filled with bulky hydrophobic amino acids and cannot accommodate a lipid*!® (Fig. 2.3). 
The results of introducing amino acid changes in the pocket of rhinovirus 16 suggest that the 
hydrophobic pocket, and not the pocket factor, is important for maintaining capsid 
dynamics.*°° Additionally, kobuviruses, including Aichi virus, have a shallow and narrow 
depression, not a canyon around the fivefold axes; consequently, these virus particles lack a 
hydrophobic pocket and a pocket factor.’®! Viruses that lack canyons, such as hepatitis A 
virus and parechoviruses, do not have pockets or pocket factors’“° and may be a link between 
primitive and modern (e.g., with pocket factors) picornaviruses. Furthermore, the absence of 
a canyon suggests there must be at least two mechanisms by which receptor binding, 
internalization, and uncoating occur. 


Myristate 


Myristic acid (n-tetradecanoic acid) is covalently linked to glycine at the amino terminus of 
VP4 of most picornaviruses.!*>°°° This fatty acid is an integral part of the viral capsid. The 
N-termini of VP4 and VP3 cluster together at the fivefold axis of symmetry where they 
intertwine and form a twisted tube of parallel B-structure.°°° The five myristyl groups extend 
to cradle this twisted tube by interacting with amino acid side chains of VP4 and VP3.!*° The 
study of viruses with amino acid substitutions within VP4 has revealed a role for myristic 
acid modification in virus assembly and in the stability of the capsid.2°4940*8! However, 
inhibition of myristoylation modestly inhibits infectivity of enterovirus A71.°° For most 
picornaviruses, particle breathing occurs at physiological temperatures, allowing for partial 
exit of VP4 including the N-terminal myristic acid. The presence of myristic acid facilitates 
membrane permeability by VP4 at high and low pH, both requirements for virus entry and 
uncoating.°*° These observations cast additional doubt that myristic acid is needed for virion 
stability. 40%410.652 


Myristic acid is added to VPO, the precursor to VP4+VP2, by cellular N- 
myristoyltransferases. Inhibitors of these enzymes suppress rhinovirus, poliovirus, 
Coxsackievirus B3 and FMDV replication by blocking particle assembly, RNA 
encapsidation, and inhibiting the cleavage between VP2 and VP4 that is necessary for 
particle maturation.*°:!%°°8 Infectivity of parechoviruses and Aichi viruses is resistant to 
myristoyltransferase inhibitors, likely because VPO of these viruses does not undergo this 
maturation cleavage.!*° Myristoyltransferase inhibitors may be developed as antipicornavirus 
drugs against those viruses that require cleavage between VP2 and VP4 for mature particle 
formation.!°°-48° (See Assembly of Virus Particles.) 


Neutralizing Antigenic Sites 


Viral serotype is determined by the connecting loops and C-termini of the capsid proteins that 
decorate the outer surface of the virus particle. These contain the major neutralization 
antigenic sites of the virus, the amino acid sequences that are recognized by antibodies that 
block viral infectivity. The identification of mutations that confer resistance to neutralization 
with murine monoclonal antibodies directed against rhinovirus and poliovirus particles have 
defined four enterovirus neutralization antigenic sites.4°°4°7°°° Human sera contain 
antibodies directed against poliovirus antigenic sites identified in mice.°°?? The major 
antigenic site for many picornaviruses is a linear stretch of 10 amino acids within the BC 
loop of VP1. Five neutralization antigenic sites have been identified in FMDV serotype 
0.'47370 Eleven different neutralizing antibodies directed against porcine teschovirus 1 
recognize three antigenic sites on the virus particle.**’ Neutralizing antibodies against 
hepatitis A virus protect against infection by acting as a receptor mimic, leading to 
destabilization of the particle in a fashion that is independent of virion expansion.’*! In 
contrast, two neutralizing antibodies generated against the empty capsid of enterovirus A71 
are able to induce virion alteration and genome release.>™ 


The capsids of rhinovirus, poliovirus, and other picornaviruses are dynamic, leading to 


transient display of the buried N-termini of VP1 on the particle surface.299°4410.976,602,621 
Antibodies to this sequence of VP1 neutralize viral infectivity. 


GENOME STRUCTURE AND ORGANIZATION 


The genome of picornaviruses is a single positive-strand RNA molecule ranging in length 
from 6.7 to 10.1 kb (Fig. 2.5). The viral RNA is infectious because it is translated on entry 
into the cell to produce all the proteins required for viral reproduction. Picornavirus genomic 
RNA is unique because it is covalently linked at the 5’ end to a protein called VPg (virion 
protein, genome linked)!%°4°* that is covalently joined to the 5’-uridylylate moiety of the 
viral RNA by an O4-(5’-uridylyl)-tyrosine linkage. The tyrosine that is linked to the viral 
RNA is always the third amino acid from the N-terminus. VPg of different picornaviruses 
varies in length from 22 to 24 amino acid residues and is present in one copy except in the 
genome of FMDV, which encodes three VP¢g proteins.2°° The absence of VPg differentiates 
poliovirus mRNA from virion RNA. Furthermore, VPg is not required for infectivity of 
poliovirus RNA. If VPg is removed from viral RNA by treatment with proteinase, the 
specific infectivity of the viral RNA is not reduced. VPg is not found on poliovirus MRNA 
that is associated with cellular ribosomes and undergoing translation; these mRNAs contain 
only uridine 5’-phosphate (pU) at their 5’ ends.°°”°4” It is not known whether removal of 
VPg is a prerequisite for association with ribosomes or is a result of that association, though 
its removal must occur as the genome is released into the cytoplasm.!*’*? Despite the fact 
that VPg-linked RNA can be translated in cell-free extracts, in the infected cell it is possible 
that VPg is rapidly cleaved from the RNA such that only RNAs lacking VPg are 
translated.*°*47>-’*4 Furthermore, removal of VPg from CVB3 RNA is not necessary for 


translation or replication of the incoming genome, as determined by the introduction of a 
noncleavable bond between VPg and RNA.°”° VP¢ is present on nascent RNA chains of the 
replicative intermediate RNA and on negative-strand RNA, which has led to the suggestion 
that VPg is a primer for poliovirus RNA synthesis*°®°*” (see Viral RNA Synthesis). These 
observations distinguish picornavirus VPg from that of calicivirus, in that it predominantly 
coordinates genome replication and does not participate in virus protein synthesis. The role 
of VPg in viral RNA synthesis is discussed in subsequent sections. 
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FIGURE 2.5 Organization of a picornavirus genome. Top:Schematic of the viral 
RNA genome, with the genome-linked protein VPg at the 5’ end, the 5’- 
untranslated region containing the IRES, the protein-coding region, the 3’ 
untranslated region containing a pseudoknot, and the poly(A) tail. L is a leader 
protein encoded in the genomes of erboviruses, cardioviruses, and aphthoviruses 
but not in other picornaviruses. Coding regions for the viral proteins are 
indicated. Bottom:Processing pattern of picornavirus polyprotein. Some 
genomes encode multiple copies of protein-coding regions, for example, there 
are three VPgs in the FMDV genome, two 2A motifs in Ljungan virus and three 
2A motifs in the duck hepatitis A virus genome. 


VPg is removed from virion RNA by a host protein originally called unlinking enzyme'* and 
subsequently identified as the DNA repair enzyme TDP2 (5’ tyrosyl-DNA phosphodiesterase 
2).’*° This predominantly nuclear enzyme, which cleaves the 5'-tyrosine-phosphodiester 
bond of DNA linked to topoisomerase, is relocalized to the cytoplasm during picornaviral 
infection. However, the results of infecting cells lacking the gene encoding TDP2 reveal that 
the VPg unlinking activity is not essential for the replication of enteroviruses and 


cardioviruses. Its absence affects replication efficiency to different extents, depending on the 
virus.*74495 Late in infection, TDP2 is sequestered away from sites of viral replication, 
possibly to avoid removal of VPg from newly synthesized genomes destined for packaging 
into new virus particles. Why removal of VPg is required earlier in infection for efficient 
replication is not known. 


Nucleotide sequence analysis of many picornavirus genomes has revealed a common 
organizational pattern (Fig. 2.5). The 5’-noncoding regions of picornaviruses are long (192— 
1,500 bases) and highly structured. This region of the genome contains sequences that 
control genome replication and translation. Removal of several nucleotides from the 5’ end of 
the genome ablates the infectivity of the viral RNA of some picornaviruses such as hepatitis 
A virus, but for others, including poliovirus, the loss of two nucleotides from the 5’ end only 
reduces its infectivity.2'*9° Within the 5'-noncoding region is the internal ribosome entry 
site (IRES), which directs initiation of mRNA translation by internal ribosome binding. The 
5'-noncoding regions of aphthoviruses and cardioviruses contain a poly(C) tract that varies in 
length among different virus strains (80-250 nucleotides in cardioviruses, 40—400 
nucleotides in aphthoviruses). Among cardioviruses, longer poly(C) length is associated with 
higher virulence in animals.!”?*”° 


A second characteristic of the 5'-noncoding region is the presence of multiple AUG 
codons, which vary in number among picornaviruses. Initially, these AUG codons were not 
thought to be physiologically relevant as deletion or alteration of these codons had no effect 
on picornavirus replication in HeLa cells, an assumption that is no longer correct. A small 
upstream open reading frame (uORF) encoding a polypeptide of approximately 56 to 76 
amino acids with a predicted transmembrane domain has been identified within the 5’ end of 
type 1 poliovirus and enterovirus 7 that initiates from the sixth AUG.**® The encoded 
polypeptide is thought to function during virus release from intestinal cells. A shorter ORF is 
present within the 5’-noncoding region of type 2 poliovirus; alteration of this AUG leads to a 
small plaque phenotype.°*! Bioinformatic analysis has identified uORFs initiating at the 
analogous AUG within the genome of viruses in the enterovirus A, B, C, E, F, and G species, 
as well as other picornavirus genera that infect the gut such as hunniviruses, lyssaviruses, 
rosaviruses B and C, siciniviruses, and cosaviruses.*~° No similar polypeptide was found to 
be encoded and initiating from this AUG within the 5’-noncoding region of rhinoviruses or 
enterovirus D viruses. Though no uORF has been identified within the 5'-noncoding region 
of cardioviruses, an alternative reading frame has been identified within the mRNA of 
Theiler murine encephalomyelitis virus (TMEV), which promotes the production of two 
different leader (L)* proteins, p18 and p15, in certain isolates such as DA.”°° Production of 
the smaller polypeptide begins at an AUG codon internal to and out of frame with the large 
polyprotein.°°+4 L* is thought to be produced during persistent infection by neurotropic 
isolates of TMEV. 


The 3’-noncoding regions of picornaviruses vary in length from 14 to 795 nucleotides 
(Fig. 2.5). This region may also contain secondary structure, including a pseudoknot, that has 
been implicated in controlling viral RNA synthesis**® and stem—loops. The 3’-noncoding 


regions of parechoviruses and pasiviruses are short and hypothesized to fold into one stem— 
loop, while that of FMDV and other picornaviruses are longer and may fold into multiple 
stem—loops®’ (reviewed in Ref.°”°). The entire 3'-noncoding region of poliovirus and 
rhinovirus is not required, however, for infectivity.?”°°° Removal of part of the 3'-noncoding 
region, including sequence between the two stem—loops and the 5’ end of stem—loop 2 from 
the FMDV genome, renders the RNA noninfectious.®! Additionally, bioinformatic analysis of 
the 3’-noncoding region of the megrivirus turkey hepatitis virus 1 and multiple chicken 
megriviruses suggest the presence of a short ORF. 


Both virion RNA and mRNA contain a 3’ stretch of poly(A).’©° This stretch of poly(A) 
varies in length, for example, from 50 to 125 nucleotides in poliovirus RNA,»®’ and is 
required for genome replication. Viral RNA from which the poly(A) tract is removed is 
noninfectious.©°! Negative-strand RNA contains a 5’ stretch of poly(U), which is copied to 
form poly(A) of the positive strand.’°° 

The results of early biochemical studies of poliovirus-infected cells had predicted the 
presence of a single, long ORF on the viral RNA that is processed to form individual viral 
proteins.°°® This hypothesis was supported by determination of the nucleotide sequence of 


the poliovirus genome, which revealed that the viral RNA encodes a single ORF.*©%°°* The 
polyprotein is cleaved during translation, so that the full-length product is not observed. 
Processing is carried out by virus-encoded proteinases to yield 11 to 15 final cleavage 
products. Some of the uncleaved precursors also have functions during replication. A similar 
strategy for viral protein production occurs during the replication of all picornaviruses except 
those within the genus Dicipivirus. The genome of these viruses encodes two ORFs. 

To unify the nomenclature of picornavirus proteins, the polyprotein has been divided into 
three regions: P1, P2, and P3 (Fig. 2.5). The genomes of some picornaviruses encode an L 
protein before the P1 region. It was once thought that many L proteins had protease and 
autocatalytic activities; however, L protein of kobuviruses possesses neither.°!? The P1 
region encodes the viral capsid proteins, whereas the P2 and P3 regions encode proteins 
involved in protein processing (2A, 3CP*°, 3CDP"°) and genome replication (2B, 2C, 3AB, 
3BYPs8, 3CDPr°, 3DP), For many picornaviruses such as EMCV, FMDV, and kobuviruses, 
the 2A protein lacks protease activity; for others such as poliovirus, rhinovirus, and hepatitis 
A, 2A is a Serine protease. The genome of Ljungan virus, a parechovirus, may encode two 
unrelated 2A proteins,*°* that of duck hepatitis A virus in the genus Avihepatovirus encodes 
three 2A motifs, and the genome of Aalivirus may encode for up to six 2A proteins.’°” 


Genetics 


Infectious DNA Clones of Picornavirus Genomes 


Recombinant DNA techniques allow the introduction of mutations anywhere within a gene or 
genome. Generation of an infectious DNA clone—a double-stranded DNA copy of a viral 


genome within a bacterial plasmid—or RNA transcripts derived by in vitro transcription of a 
DNA copy of the genome, can be introduced into cultured cells by transfection to recover 
infectious virus. The first infectious DNA clone of an animal RNA virus was that of 
poliovirus.°*! The infectivity of cloned poliovirus DNA (10° pfu/pg) is much lower than that 
of genomic RNA (10° pfu/yg). The development of plasmid vectors incorporating promoters 
for bacteriophage SP6, T7, or T3 RNA polymerase for the production of RNA transcripts in 
vitro enabled the production of infectious picornavirus RNA from cloned DNA.’”°° Such 
RNA transcripts have an infectivity approaching that of genomic RNA. A similar approach 
has been adopted for the recovery of many other picornaviruses from cloned DNA copies of 
the viral genome. 


Replicons 


Development of infectious DNA clones of picornavirus genomes has facilitated studies to 
understand the mechanism of virus reproduction. One result of such studies has been the 
production of replicons and viral vectors. Picornaviral replicons can consist of defective 
genomes or genomes lacking specific proteins (subgenomic replicons), with the 
complementary or missing genes encoded within separate plasmids or transcripts. 
Introduction of mutant genomes together with plasmids encoding the unaltered gene can lead 
to the production of infectious virus lacking the mutation. The use of poliovirus subgenomic 
replicons demonstrated that the Pl region, which encodes the capsid proteins, is not 
necessary for translation or replication of the viral genome. However, these subgenomic 
replicons may interfere with production of infectious virus.*°° Furthermore, subgenomic 
replicons of picornaviruses allow for the production of exogenous proteins in cells.°*4 
Replicons have been used to study genetic and protein requirements for the replication of 
multiple picomaviruses. 


Gene Editing 


The manipulation of DNA in vitro once solely depended upon restriction enzymes and other 
modifying enzymes such as DNA ligases. With the identification and elucidation of the 
mechanism of CRISPR/Cas9 (clustered regularly interspaced short palindromic 
repeats/CRISPR-associated nuclease 9) methodology, a DNA copy of the viral genome can 
be easily modified to encode desired mutations and also encode for exogenous genes. 


STAGES OF REPLICATION 


Replication of all picornaviruses occurs in the cell cytoplasm. The first step is attachment to a 
cell receptor (Fig. 2.6). The RNA genome is then uncoated, a process that involves structural 
changes in the particle. Once the positive-strand viral RNA enters the cytoplasm, it is 
translated to provide viral proteins essential for genome replication and the production of 
new virus particles. The viral proteins are synthesized from a polyprotein precursor, which is 


cleaved nascently. Cleavages are carried out mainly by two viral proteinases, 2AP*° and 3CP"° 
or 3CDP"°. Among the proteins synthesized are the viral RNA-dependent RNA polymerase 
and accessory proteins required for genome replication and MRNA synthesis and the capsid 
precursor. The first step in genome replication is copying of the positive-strand RNA to form 
a negative-strand intermediate; this step is followed by the production of additional positive 
strands. These events occur on small membranous vesicles that are induced by several virus 
proteins. Once the pool of capsid proteins is sufficiently large, encapsidation begins. The 
precursor P1 is cleaved to produce an immature protomer, which then assembles into 
pentamers. Newly synthesized, positive-strand RNA associates with pentamers to form the 
infectious virus. Empty capsids that are found in infected cells are likely to be a storage form 
of pentamers. 
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FIGURE 2.6 Overview of the picornavirus replication cycle. Virus binds to a 
cellular receptor (1) and the genome is uncoated (2). VPg (virion protein, 
genome linked) is removed from the viral RNA, which is then translated (3). The 
polyprotein is cleaved nascently to produce individual viral proteins (4). RNA 
synthesis occurs on membrane vesicles induced by viral proteins (not drawn to 
scale). Viral (+) strand RNA is copied by the viral RNA polymerase to form full- 
length (—) strand RNAs (5), which are then copied to produce additional (+) 
strand RNA (6). Early in infection, newly synthesized (+) strand RNA is 
translated to produce additional viral proteins (7). Later in infection, the (+) 
strands enter the morphogenetic pathway (8). Newly synthesized virus particles 
are released from the cell by lysis (9). 


The entire time required for a single replication cycle ranges from 5 to 10 hours, depending 
on many variables, including the particular virus, temperature, pH, host cell, and multiplicity 
of infection. Analysis of poliovirus replication in single cells reveals differences that are not 
apparent when infections are done in populations of cells.2°* For example, replication start 
times vary widely, and the production of infectious virus may begin later than predicted by 
population measurements. However, when multiple single-cell reproductive cycles are 
averaged, the result approximates the kinetics observed in populations of cells. Many 
picornaviruses are released as the cell loses its integrity and lyses. Other picornaviruses (e.g., 
hepatitis A virus) are released from cells in the absence of cytopathic effect within 
membranous vesicles. 


Attachment 


Cellular Receptors and Coreceptors 


Like many viruses, picornaviruses initiate infection of cells by first attaching to a receptor on 
the host cell plasma membrane. The nature of picornavirus receptors remained obscure until 
1989, when the receptors for poliovirus and the major group rhinoviruses were 
identified.2°!4©°° Receptors for many other members of this virus family have since been 
determined (Table 2.3). Different types of cell surface molecules serve as cellular receptors 
for picornaviruses, and some are shared among picornaviruses and members of other virus 
families. For example, the cell surface protein CD55 is a receptor for certain 
Coxsackieviruses, echoviruses, and enterovirus 70, and the poliovirus receptor, CD155, is a 
receptor for alphaherpesviruses. For some picornaviruses (e.g., poliovirus and rhinovirus), a 
single type of receptor is sufficient for entry of viruses into cells. For other viruses, cell entry 
requires more than one molecule. 


TABLE 2.3 Some cell receptors for picornaviruses 


Aphthovirus 
Foot-and-mouth disease 


virus (cell culture 
adapted) 


Foot-and-mouth disease 
virus 


Equine rhinitis A virus 
Cardiovirus 


Encephalomyocarditis 
virus 


Theiler murine 
encephalomyelitis virus 


Low-neurovirulence 
strains 


High-neurovirulence 
strains 


Enterovirus 
Bovine enterovirus 


Coxsackievirus A? 


Coxsackievirus A2-Aé, 
A10, A12 


Coxsackieviruses A13, 
A18, A21 


Coxsackievirus A16 


Coxsackievirus A21 


Coxsackievirus A24 


Coxsackievirus A24 
(variant) 


Coxsackieviruses B1-B6 
Coxsackievirus B1, B3, BS 


| Echovirus 1, 8 


Echovirus 3, 6, 7, 11-13, 
20, 21, 24, 29, 30, 33 


| Echovirus 5, 9, 11, 13, 
25, 29, 30, 31, 32 


Echovirus 5 
, 


Echovirus 9 


Heparan sulfate 


apy, &f2, APe, HPs 


Sialic acid 


Vcam-1 


Sialylated glycophorin 
A (for hemagglutination 
only) 

Sialic acid 


ADAM? (a disintegrin 
and metalloproteinase 
domain) 


Sialic acid 


Heparin sulfate 


Sialic acid 


ap Be ape 


KREMEN 1 
Icam-1 (CD) 


P-selectin glycoprotein 
ligand-1 (PSGL-1), 
scavenger receptor class 
B (SCARB2) 


Decay-accelerating factor 


(CD55) 
lcam-1 


Icam-1 

a2,6-Sialic acid- 
containing, O-linked 
glycoconjugates 


Car (Coxsackievirus— 
adenovirus receptor) 


Decay-accelerating factor 


(CD55) 
aP,-Integrin (Vla-2) 


Decay-accelerating factor 
(CD55) 


FeRn 


Heparan sulfate 


@,f3-Integrin 


Glycosaminoglycan 


Integrin 


Carbohydrate 


Ig-like 


Carbohydrate 
Carbohydrate 


Metalloproteinase 


Carbohydrate 


Proteoglycan 


Carbohydrate 
Integrin 


Signaling receptor 


\g-like 


Mucin-like 


SCR-like (complement 


cascade) 


Carbohydrate 


Ig-like 


SCR-like (complement 


cascade) 


Integrin 


SCR-like (complement 


cascade) 


Proteoglycan 


Integrin 


B2-microglobulin, GRP78, 


~MHC-1 


Heparan sulfate 
glycosaminoglycans 


Icam-1 


a,P, integrin (CVB1) 
CAR (CVB3) 


P2-microglebulin 


B2-microglobulin, CD59 
(E7) 


B2-microglobulin 


323 


322,326,495 


660 


309 


266 


60 


415 


774 
601 694,696,754 


653 


132 


505,766 


630 


36 
470,504 


71 


4,629,631 


72,743 
70,238,574,608,743,743 


477,778 


320 


49% 


Enterovirus D68 a2,6-Sialic acid— Carbohydrate 318,746 
containing, O-linked Ig-like 
glycoconjugates 
ICAM-5 
Enterovirus 70 Decay-accelerating factor SCR-like (complement 8,353 
(CD55) sialic acid cascade) 
Carbohydrate 
Enterovirus 71 P-selectin glycoprotein Mucin-like Heparan sulfate 505,766 
ligand-1 (PSGL-1), Vimentin 
scavenger receptor class 
B (SCARB2) 
Annexin Il 
Parechovirus 1 a,By, Bs, Bs Integrin 695 
Hepatitis A virus HAV cr-1 T-cell Ig-like, mucin-like 351 
(TIM) 
Polioviruses 1-3 PVR (CD155) Ig-like 460 
Rhinoviruses (major Icam-1 Ig-like 251,656,688 
group, 91 serotypes) 
Rhinoviruses (minor Low-density lipoprotein —- Signaling receptor 302 
group, 10 serotypes) receptor protein family 
Rhinoviruses species C CDHR3 Cadherin related 85 
Porcine sapelovirus a2,3-Linked sialic acid Ganglioside 365 
GDia 
Seneca Valley virus Anthrax toxin receptor 1/ Signaling receptor 332 
TEM 8 


Ig, immunoglobulin; SCR, short consensus repeat. 


One Type of Receptor Molecule for Virus Binding and Entry 


Picornaviruses for which a single type of receptor molecule is sufficient for virus binding and 
entry include poliovirus (PVR/CD155) (Fig. 2.7), rhinoviruses (ICAM-1, low-density 
lipoprotein receptor [LDLR], LDLR-related protein, very-low-density lipoprotein receptor, 
CDHR3, cadherin-related family membrane 3), and Seneca Valley virus (TEM 8). 


SVV + TEM8 


PV1+PVR HRV2 + VLDR EV7 + DAF 


FIGURE 2.7 Interactions of six different picornaviruses with cellular receptors. 
VP1 is blue, VP2 is yellow, and VP3 is deep pink. Proteinaceous receptors are 
shown in gray. The 4 A structure determined by x-ray crystallography of the cell 
receptor sialic acid bound to equine rhinitis A virus. The sugar moiety sialic acid 
(white) attaches to the rim of the capsid pit [2XBO]. The 3.9 A structure 
determined by cryo-EM of domains 1 and 2 of the cell receptor ICAM-1 bound 
to Coxsackievirus A21. The immunoglobulin-like receptor binds at the pseudo 
threefold axes of the capsid [6EIT]. The 3.8 A structure determined by cryo-EM 
of the cell receptor anthrax toxin receptor 1/TEM 8 bound to Seneca Valley virus 
(SVV). The single-chain transmembrane domain protein binds in a crown-like 
arrangement around the fivefold axis of the icosahedron [6CX1]. The 4.0 A 
structure determined by cryo-EM of the cell receptor PVR (CD155) bound to 
poliovirus type 1. The immunoglobulin-like protein binds within the canyon of 
the capsid [3J8F]. The 3.6 A structure determined by x-ray crystallography of the 
cell receptor low-density lipoprotein receptor bound to rhinovirus 2. The single 


pass transmembrane protein binds on the plateau at the fivefold axis [2XBO]. 
The 7.2 A structure determined by cryo-EM of the cell receptor DAF (CD55) 
bound to echovirus 7. The complement protein binds echovirus 7 near the 
twofold icosahedral axes [3IYP]. 


The poliovirus receptor is a type I transmembrane protein and a member of the 
immunoglobulin (Ig) superfamily of proteins, with three extracellular Ig-like domains: a 
membrane-distal V-type domain followed by two C2-type domains.*°° Domain 1 of PVR 
binds to the virus. Production of PVR in mice is sufficient to overcome the lack of 
susceptibility of this species to poliovirus infection.*°°°8° Because PVR transgenic mice 
develop paralysis after inoculation with poliovirus by different routes, they have proved to be 
a valuable model for studying the pathogenesis of poliomyelitis.°°° PVR transgenic mice are 
not susceptible to infection by the oral route, the natural route of infection in humans, unless 
the gene encoding type I interferon receptors has been deleted.°!°’’° PVR is synthesized in 
many tissues in transgenic mice, yet the main sites of poliovirus replication are the brain and 
spinal cord.*°°°°8 This restricted tropism is regulated by the interferon (IFN)-a/B response, 
which limits viral replication in extraneural organs.°!° 

Production of PVR on cells in culture derived from different animal species leads to 
susceptibility to poliovirus infection. Therefore, it is likely that PVR is the only molecule 
required for poliovirus binding and entry. The observation that a monoclonal antibody 
directed against the lymphocyte homing receptor, CD44, blocks poliovirus binding to cells 
suggested that this protein might be a second receptor for poliovirus entry.°°*°°° It was 
subsequently shown that CD44 is not a receptor for poliovirus and is not required for 
poliovirus infection of cells that produce PVR.?*:2* It seems likely that PVR and CD44 are 
associated in the cell membrane*?° and that anti-CD44 antibodies block poliovirus 
attachment by blocking the virus-binding sites on PVR. 

Orthologs of the PVR gene are present in the genomes of a number of mammals, 
including those not susceptible to poliovirus infection.*!° The amino acid sequence of 
domain 1 of PVR varies extensively among the nonsusceptible mammals, especially in the 
regions known to contact poliovirus. The absence of a poliovirus-binding site on these PVR 
molecules, therefore, explains why infection is restricted to simians. 

PVR is an adhesion molecule that participates in the formation of adherens junctions 
through interaction with nectin-3, a related immunoglobulin-like protein.*®° It is also a 
recognition molecule for natural killer (NK) cells and interacts with CD226 and CD96 on NK 
cells to stimulate their cytotoxic activity.2*7°9 PVR also interacts with T-cell Ig and ITIM 
domain membrane protein (TIGIT), a protein involved in regulating T-cell function.**° The 
UL141 protein of cytomegalovirus (CMV) blocks display of PVR on the cell surface, leading 
to evasion of NK cell-mediated killing.°°” 


The cell surface receptor for many human rhinoviruses (species A and B) was identified 
by using monoclonal antibodies directed against the cellular binding site to isolate the 
receptor protein from susceptible cells. Amino acid sequence analysis of the purified protein 
revealed that it is ICAM-1, a type I transmembrane protein with five immunoglobulin-like 
domains.*°}%°°°8 The normal cellular functions of ICAM-1 are to bind its ligand, 
lymphocyte function—associated antigen 1 (LFA-1), on the surface of lymphocytes and to 
promote a wide range of immunologic functions.’”°* ICAM-1 is expressed on the surfaces of 
many tissues, including the nasal epithelium, which is the entry site for rhinoviruses. 


Three members of the low-density lipoprotein receptor family are receptors for other 
species of A and B rhinoviruses (10 serotypes) (Fig. 2.7). These proteins consist of 7 LDLR, 
8 VLDLR, or 31 LRP ligand-binding repeats, transmembrane, and cytoplasmic domains. 


Bioinformatic comparison of susceptible and permissive cells with nonsusceptible but 
permissive cells leads to the identification of cadherin-related family member 3 (CDHR3) as 
a cellular receptor for rhinovirus C species.®° These viruses are more likely to cause 
wheezing illnesses and asthma exacerbations than rhinoviruses A and B. It is hypothesized 
that a single amino acid change, Y529 within CDHR3, a transmembrane protein of unknown 
biological function, but found on the surface of lung tissue and bronchial epithelial cells, and 
associated with asthma severity, also promotes rhinovirus C infection and may explain the 
association of virus infection with enhanced respiratory distress.°° Most humans today have 
the nonrisk allele C529; however, Y529 is found in the genome of Neanderthals and 
Denisovans, indicating that it was initially present and then replaced with C529 by selection 
imposed by virus infection.®° After an outbreak of lethal rhinovirus C infection in a 
chimpanzee population of Uganda, sequence analysis of the CDHR3 encoding locus revealed 
chimpanzees to be homozygous for Y529.°*° This observation suggests that rhinovirus C is 
only rarely transmitted from humans to chimpanzees; therefore, there has been little selection 
pressure for spread of the C529 amino acid change in apes. 


Identification of virus receptors has been accelerated by the use of novel gene editing 
methodologies such as CRISPR/Cas9 and reagents including a collection of haploid human 
cells harboring retroviral gene insertions. Anthrax toxin receptor 1/TEM 8 and KREMEN 1 
were determined to be the cellular receptors for Seneca Valley virus (Fig. 2.7) and 
Coxsackieviruses A2 to A6, A10, and A12, respectively, via these technologies.*°”°°? These 
methodologies however do not distinguish between molecules necessary for cell surface 
attachment and those necessary for particle internalization and uncoating. Anthrax toxin 
receptor 1/TEM 8 is sufficient for Seneca Valley virus attachment to the cell surface but not 
for the conformational changes necessary for uncoating.*°* 


Many picornaviruses bind integrins, which are dimeric cell adhesion receptors with a and 
6 subunits. Integrin receptors recognize the tripeptide Arg-Gly-Asp (RGD) whose presence 
in the viral capsid suggests interaction with this type of receptor. A number of integrins can 
serve as entry receptors for FMDV (Table 2.3) although all may not be utilized during 
infection of animals. Although integrins are sufficient for FMDV infection, their interaction 
with the viral capsid does not lead to uncoating (see Entry into Cells). Enteroviruses that bind 


integrins typically require a coreceptor for cell entry. For CAV9, it has been suggested that 
B>-microglobulin,°?’ GRP78, and MHC-1°4 might fulfill this role. 


The carbohydrate sialic acid is thought to function as the cellular receptor for numerous 
picornaviruses including enterovirus D68, bovine enterovirus, equine rhinitis virus A (Fig. 
2.7), and a variant of Coxsackievirus A24.9°218°04,660,661 Sialic acid interacts with different 
picornavirus capsids at diverse sites. It binds within a shallow groove near the outer edge of 
the EF loop of VP1 of the adjacent protomer on the equine rhinitis virus A capsid.*°° Though 
the interactions between Coxsackievirus A24 (CAV24) and equine rhinitis virus with sialic 
acid are similar, it functions as an attachment molecule for CAV24, allowing for an increased 
concentration of virus on the cell surface. This binding facilitates the interaction between the 
entry receptor ICAM-1 and enhances infection and transmission.*© Sialic acid binds within 
the VP1 pocket of enterovirus D68. Despite being able to evict the C10 lipid found in the 
pocket of enterovirus D68, binding of sialic acid does not lead to uncoating*!” indicating that 
another cell surface molecule is required for entry of this virus. 


Two Receptors Required for Infection 


Many enteroviruses bind to decay-accelerating factor (DAF, or CD55), a member of the 
complement cascade (Table 2.3); it is composed of four extracellular short consensus repeat 
modules (SCR1i-SCR4) and is attached to the plasma membrane by a 
glycosylphosphatidylinositol (GPI) anchor (Fig. 2.7). Its ability to function as the receptor of 
viruses such as echovirus 6, 7, 11, 12, 13, 20, 21, 29, and 33 was defined not only by the use 
of antibodies generated against DAF that inhibit virus infection but also by conferring 
susceptibility to virus infection of nonsusceptible cells by production of the protein from a 
plasmid.’”74* However, for most of these viruses, interaction with DAF is not sufficient for 
infection. Binding to DAF does not cause conformational changes and internalization; 
therefore, interaction between DAF and the virion does not lead to uncoating. Instead, DAF 
is an attachment receptor, facilitating virus adsorption, and a second receptor is necessary for 
conformational changes, internalization of the particle, and uncoating.°°*°’4 For example, 
Coxsackievirus A21 binds to DAF, but infection does not occur unless ICAM-1 is also 
bound.®°”? In this case, ICAM-1 inserts into the canyon where it triggers capsid uncoating.’°° 
Coxsackievirus B3 also binds DAF, but virion uncoating does not occur unless CAR 
(coxsackievirus—adenovirus receptor; see below) binds in the canyon.*®’ Despite being able 
to bind mouse CAR, production of human DAF within the alimentary tract of mice, either 
immunocompetent or deficient in the IFN-a/f receptor, still does not allow for enteral 
infection by Coxsackievirus B3.°24 However, for other echoviruses, the absence of Fc 
receptors, antibodies against B2-microglobulin, or class I human leukocyte antigen (HLA) 
inhibited productive infection despite virus attachment to the cell surface being 
unaffected.!2}477973 The requirement for binding to DAF for echoviruses to attach to the cell 
surface appears not only to be isolate specific but to be controlled by the cells in which the 
virus is passaged. The D’Amori-derived strain of echovirus 6, serially passaged in human 


rhabdomyosarcoma cells, weakly interacts with DAF, while the same isolate cultured in 
HeLa cells may attach to the cell surface in a DAF-independent manner.?”? Enzymatic 
removal of heparin sulfate impaired infection by both isolates suggesting a role for this 
extracellular matrix component in cell surface attachment of echoviruses.*°? Taken together, 
these observations suggest that a large protein complex that includes DAF, HLA, FcR, and 
62-microglobulin may mediate echovirus cell surface attachment, internalization, and 
uncoating. 


How two receptors collaborate in virus entry is illustrated by Coxsackievirus B3 
infections of polarized epithelial cells.!°9 The coxsackievirus and adenovirus receptor, CAR, 


mediates cell entry of all Coxsackie B viruses.’! CAR is not present on the apical surface of 
epithelial cells that line the intestinal and respiratory tracts but is a component of the tight 
junction and is inaccessible to virus entry. Coxsackie B viruses first bind an attachment 
receptor, DAF, which is present on the apical surface of epithelial cells. Virus binding to 
DAF activates Abl kinase, which in turn triggers Rac-dependent actin rearrangements leading 
to virus movement to the tight junction where it can bind CAR and enter cells.!°? 


Alternative Receptors 


Some viruses bind to different cell surface receptors, depending on the virus isolate or the 
cell line (Table 2.3). Clinical isolates of FMDV bind to integrin receptors, but passage in cell 
culture can select for viruses that bind to heparin sulfate, a sulfated glycan.°7?4>°'4 Cell 
culture passage may also produce a virus that infects cells independent of heparin sulfate and 
integrins.*° 


How Picornaviruses Attach to Cell Receptors 


Among the picornavirus members, the four capsid proteins are arranged similarly, but the 
surface architecture varies. These differences account for both the diverse serotypes and the 
varied modes of interaction with cell receptors. For example, the capsids of enteroviruses 
have a groove, or canyon, surrounding each fivefold axis of symmetry. In contrast, 
cardioviruses, aphthoviruses, and senecaviruses have a sharp pit. 


The canyons of multiple enteroviruses are the sites of interaction with Ig-like cell 
receptors. The results of genetic and structural experiments demonstrate that the first Ig-like 
domain contains the site that binds poliovirus. Cells producing the first Ig-like domain of 
PVR, either alone or as a hybrid with other Ig-like proteins, are susceptible to infection with 
poliovirus.°”947927628 Amino acid changes in the first Ig-like domain of PVR interfere with 
poliovirus binding.*!’44/8 Mutagenesis of ICAM-1 DNA has revealed that the binding site 
for rhinovirus is located in the first Ig-like domain.*°°°% °° Models of the interaction of 
poliovirus, rhinovirus, and Coxsackieviruses A and B with their cellular receptors have been 
produced from cryoelectron microscopy and x-ray crystallographic data (Fig. 2.7).°°°%, 
109,110,286,381,518,520,763 These models reveal that only domain 1 of PVR or ICAM-1 


penetrates the canyon of the respective virus and the alteration induced, pivoting of VP1 
away from the fivefold axes, leads to the expulsion of pocket factor, which facilitates particle 
expansion, and destabilization.°°* Alterations that affect receptor binding map to the virion— 
receptor interface as determined by these structural studies. Change of amino acids that line 
the canyons of poliovirus and rhinovirus can alter the affinity of binding to 
receptors. !3-!95.279.411 Despite also binding in the canyon and having the similar footprint to 
that of PVR and ICAM-1 on their respective viruses, CAR does not interact with the south 
canyon rim nor the floor of the canyon of the Coxsackievirus B3 virion.°7° 


Although the capsids of some rhinoviruses possess a canyon around the fivefold axes, it 
is not the binding site for their cell receptor, members of the low-density lipoprotein receptor 
family (Fig. 2.7). Rather, the LDL receptor binds close to the fivefold axis, on the star-shaped 
mesa that is surrounded by the canyon.294°7%°®.729 In this way, multiple low-affinity 
interactions are combined to yield a high avidity virus—receptor complex. 


Domain 1 of cadherin-related family member 3 (CDHR3), the cell receptor for members 
of Rhinovirus C, is sufficient to bind virus particles. Peptides that encompass this domain 
block attachment of virus to cells.’4° Molecular modeling suggests that the linear tandem 
repeat extracellular domains of CDHR3 occur as rod-like molecules that lie across the 
twofold axis of adjacent protomers, with domain 1 interacting just outside of the fivefold axis 
of symmetry.®° 


Sequence and structural comparisons have revealed how rhinoviruses bind either ICAM- 
1 or LDL. A lysine at position 224 of VP1, which is conserved in all minor group 
rhinoviruses, is the key amino acid that interacts with a negatively charged cluster of 
LDLR.’”° The electrostatic attraction between Lys1224 and the acidic cluster in LDLR might 
initiate contact between virus and receptor. Neighboring hydrophobic and basic residues in 
VP1 could then lead to tight binding between virus and receptor. The conserved lysine is not 
present in VP1 of rhinoviruses that bind ICAM-1, providing an explanation for failure of 
these viruses to bind LDLR. An exception is rhinovirus 85 that has the conserved lysine; 
presumably, it does not bind LDLR because of other amino acid differences in neighboring 
hydrophobic and basic VP1 residues. 


It was originally hypothesized that the picornavirus canyons were too deep and narrow to 
allow penetration by antibody molecules, which contain adjacent immunoglobulin 
domains.©°° This physical barrier was thought to hide amino acids crucial for receptor 
binding from the immune system. Structural studies of a rhinovirus—antibody complex, 
however, revealed that antibody does penetrate deep into the canyon, as does ICAM-1.°*! 
The shape of the picornavirus canyon, therefore, is not likely to play a role in concealing 
virus from the immune system. 


In contrast to the Ig-like receptors that bind the canyons of enteroviruses, the binding 
sites for DAF on the virion are diverse. For example, five amino acids of DAF interact with 
the VP2 puff region of Coxsackievirus B3 in an area that lies between the icosahedral 


threefold, twofold, and fivefold axes and away from the twofold axis.°°* In contrast, the 


binding sites of DAF on echovirus 7 (Fig. 2.7) and 12 are completely different, far from the 
canyon, at the edge of the depression at the twofold icosahedral axis.°*°°°* There is no 
overlap between surfaces on echoviruses 7 and 12 and Coxsackievirus B3 that interact with 
DAF. 


Integrin-binding picomaviruses attach to cell receptors through surface loops. In FMDV, 
an Arg-Gly-Asp sequence in the flexible, exposed GG—GH loop of the capsid protein VP1 is 
recognized by integrin receptors on cells.'°*:7°%.473 Arg-Gly-Asp—containing peptides block 
attachment of FMDV,°° and alteration of this sequence interferes with virus binding.**? In 
Coxsackievirus A9, the Arg-Gly-Asp sequence is present in a 17—amino acid extension of the 
C-terminus of VP1 and is also the site of attachment to cell receptors.!!+°! Alteration of this 
sequence does not abolish binding to some cell lines but blocks infectivity in A549 cells 
(human lung carcinoma), suggesting that the virus can bind to another cell surface 
receptor.*!” In susceptible cells, B2M and HSPAS (heat shock 70-kDa protein 5, also known 
as BiP or glucose-regulated protein 78 kDa, GRP78) are sufficient for infection by 
Coxsackievirus A9 with an altered Arg-Gly-Asp sequence.*°° Echovirus 1 is unusual in that 
it binds the RGD-independent integrin a8, in the canyon.’° 


As discussed, FMDV binds alternative receptors, either integrin or heparan sulfate, 
depending on the virus isolate. The binding site for heparan sulfate on cell culture—adapted 
FMDYV is a shallow depression on the virion surface, where the three major capsid proteins, 
VP1, VP2, and VP3, are located.*°” Binding specificity is controlled by two preformed 
sulfate-binding sites on the capsid. Residue 56 of VP3 is a critical regulator of receptor 
recognition. In field isolates of the virus, this amino acid is histidine. Adaptation to cell 
culture selects for viruses with an arginine at this position, which forms the high-affinity, 
heparan sulfate—binding site. 


While the Seneca Valley virus particle is similar to that of cardioviruses lacking a 
canyon, structure of the virus bound to anthrax toxin receptor 1/TEM 8, a type I 
transmembrane protein, revealed that the protein binds the virion in a crown-like arrangement 
around the fivefold axis of the icosahedron (Fig. 2.7). TEM 8 is composed of an N-terminal 
integrin-like fold, an Ig-like domain followed by the transmembrane domain and 
cytoplasmic tail. The high-affinity interaction between TEM 8 and Seneca Valley virus 
occurs between helices a4 and a3 of the integrin-like fold and loops a2—a3 and 62-63 of the 
Ig-like domain and the BC loop and loop II of VP1, the puff of VP2, and the knob of VP3 of 


the virus.°22 


Kinetics and Affinity of the Virus—Receptor Interaction 


The affinity and kinetics of picornaviruses binding to soluble forms of their receptors (sPVR, 
sICAM, sCAR) and antibodies have been studied by surface plasmon resonance. Two classes 
of receptor-binding sites, with distinct binding affinities, exist on the capsids of poliovirus 
and rhinovirus.!!°#°!7°? The association rates for the two binding classes are 25 and 13 times 
higher for the poliovirus—-sPVR interaction than for the rhinovirus 3 or 16—sICAM interaction 


at 20°C; though the first association rate of rhinoviruses 3 and 16-sICAM was highly similar, 
the second association rate for rhinovirus 16 is slower.’°? The greater association rate of 
poliovirus and sPVR may be caused, in part, by differences in the extent of contact between 
virus and receptor. However, the association rate for receptor binding to the virion is slower 
than that for antibody binding. This observation supports the hypothesis that a 
conformational change in the virus particle is required for receptor function.'!° In contrast, 
whereas two dissociation rate constants exist for the poliovirus-sPVR and coxsackievirus— 
sCAR interactions, only one has been reported for the rhinovirus 3-sICAM 
interaction.!°8-!10.45! The dissociation rates for the poliovirus-sPVR interaction are 1.5 and 
2.0 times faster than for the rhinovirus-sICAM interaction, indicating greater instability of 
the former complex. The affinity constants for the poliovirus-sPVR interaction are 19 and 6 
times greater than those reported for the rhinovirus-sICAM-1 complex. Despite lacking 
interaction with the south wall and floor of the canyon, the binding affinity for the 
monomeric sCAR-—Coxsackievirus B3 interaction is similar to that for the poliovirus-sPVR 
and rhinovirus-sICAM interactions even though the dissociation rate for the sCAR— 
Coxsackievirus B3 is much lower than for poliovirus-sPVR.*°”°” 


In contrast to the observations with poliovirus and rhinovirus, a single class of binding 
site was found on echovirus 11 for a soluble form of its receptor, CD55.4°° The affinity of 
this interaction is at least fourfold lower than either of the binding sites on poliovirus for 
sPVR. The association rate for the interaction between echovirus 11 and sCD55 is faster than 
that of poliovirus—sPVR and rhinovirus-sICAM-1. One explanation for these findings is that 
the contact between echovirus 11 and sCD55 is more extensive than that of the other two 
virus—receptor complexes. The binding site for CD55 on echovirus 11 may also be more 
accessible than those of PVR and ICAM-1. The dissociation rate for the echovirus-sCD55 
interaction is at least 97 times faster than that of either the poliovirus-sPVR or the 
rhinovirus-sICAM-1 interaction. These findings are consistent with a more accessible 
binding site for CD55 on echovirus 11, compared with the receptor-binding sites on 
poliovirus and rhinovirus. Atomic interactions between CD55 and echovirus 11 may be 
weaker than between the other two viruses and their receptors. The faster dissociation rate of 
the echovirus 11-sCD55 complex may be related to the finding that the interaction does not 
lead to structural changes of the virus particle,?’* as occurs with poliovirus and rhinovirus. In 
general, there is a higher affinity for virions of receptors that can uncoat particles 
(“unzippers”—poliovirus/PVR, HRV/ICAM-1, CVB3/CAR) compared with attachment 
receptors (E6, E7, E11, E12, CVB3 with DAF). This difference may reflect the energy 
necessary to release the viral RNA. 


Why do poliovirus, rhinovirus, and Coxsackievirus B have two classes of receptor- 
binding sites? For poliovirus and rhinovirus, the receptors for both viruses make contacts at 
two major sites on the virus surface, one in a cleft on the south rim of the canyon and a 
second on the side of the mesa on the north rim. These two contact sites may correspond to 
the two classes of binding sites. Two classes of binding sites may also be a consequence of 
the structural flexibility exhibited by both viruses, which may cause exposure of different 
binding sites. Normally, internal parts of the capsid proteins of many picornaviruses 


including poliovirus, swine vesicular disease virus, and rhinovirus have been shown to be 
transiently displayed on the virion surface, a process called breathing.°°°40%410977,621 As 
discussed later, the interaction of poliovirus and rhinovirus with their cellular receptors leads 
to irreversible and more extensive structural changes of the particle. In contrast to the 
findings with poliovirus and rhinovirus, binding of echovirus 11 with CD55 can be described 
by a simple 1:1 binding model. Such behavior, which would be expected for the interaction 
of two preformed binding sites, is consistent with the fact that CD55 is an attachment 
molecule and the echovirus—CD55 interaction does not result in detectable structural changes 
in the capsid.°’+°® Instead, secondary factors may contribute to internalization and 
uncoating the virus. 


Entry into Cells 


Once picornaviruses have attached to their cellular receptor, the viral capsid is brought into 
the cell by an endocytic pathway, followed by genome release into the cytoplasm, the site of 
picornavirus replication. For some picomaviruses, interaction with a cell receptor serves only 
to concentrate virus on the cell surface; release of the genome is a consequence of low pH or 
perhaps the activity of a second receptor. For other picornaviruses, the cell receptor is also an 
unzipper and initiates conformational changes in the virus that lead to release of the genome. 
In some cases, only one cell surface molecule functions as the cellular receptor, and the 
requirements for entry are determined by the cell type infected; the identity of the receptor 
may change according to how the virus is passaged, thereby changing the entry route. 


Entry by Clathrin-Mediated Endocytosis 


Several lines of evidence indicate that clinical isolates of FMDV, which bind multiple a6 


integrins to attach to the cell surface, enter cells by clathrin-mediated endocytosis.°77 


Infection is inhibited by sucrose, which eliminates clathrin-coated pits and induces clathrin to 
polymerize into empty cages, by synthesis of a dominant negative form of the clathrin coat 
assembly protein AP180 that is needed for assembly of clathrin cages, or by chlorpromazine 
treatment of cells prior to infection; all treatments decreased FMDV internalization and 
replication.’»*”° Confocal microscopy also revealed that FMDV enters cells via a clathrin- 
dependent mechanism through colocalization of FMDV with the early endosome protein 


EEA1.°!4 There is also some evidence that entry is dependent upon cholesterol in the plasma 
membrane, a requirement generally observed for lipid rafts.44* While cholesterol may be 
required for clathrin-induced membrane curving and budding of the plasma membrane, it is 
also required for macropinocytosis.*°*°°° Another Aphthovirus, equine rhinitis A virus, binds 
sialic acid-containing receptors but also enters into cells via  clathrin-mediated 
endocytosis.*°* However, the cellular receptor for serially passaged isolates of FMDV is 
heparin sulfate; these viruses are thought to enter the cell via macropinocytosis, a pathway 
taken by echovirus 1, Coxsackievirus B, and Coxsackievirus A9. 


LDLR family members that are receptors for some HRVs possess C-terminal cytoplasmic 


domains with tyrosine- and di-leucine—based internalization signals that lead to clustering of 
the receptors in clathrin-coated pits.°*° Evidence for HRV entry via this pathway includes the 
inhibition of infection in cells producing dominant negative inhibitors of the clathrin 
pathway.°”°*° Cholesterol depletion also significantly impairs entry of LDLR binding 
rhinoviruses.°*° Despite ceramide-mediated inhibition of entry of LDLR-rhinovirus 2 
complexes, lipid rafts do not directly participate in rhinovirus entry. It is thought that 
ceramide inhibits receptor clustering instead.**° There is little genetic or biochemical 
evidence that ICAM-1-binding rhinoviruses enter cells via clathrin-mediated endocytosis 
despite transmission electron microscopy, which shows virions in clathrin-coated pits and 
vesicles 5 minutes after infection.*°’ Entry of ICAM-1-binding rhinoviruses is not inhibited 
by sucrose, chlorpromazine, nystatin, cholesterol depletion or dominant negative forms of 
AP180, or the endosome adaptor Eps15.*°° Additionally, the internalized rhinovirus vesicles 
take on a unique morphology including alignment as “beads on a string.” Though a dominant 
negative dynamin inhibits infection,!°? dynamin also participates in non—clathrin-mediated 
entry. HRV infection also activates signaling pathways with links to the endocytic machinery. 
The cytoplasmic domain of ICAM-1 binds the adaptor protein ezrin, which links the receptor 
to Syk, a tyrosine kinase.”°° When HRV binds ICAM-1, Syk is recruited from the cytoplasm 
to the plasma membrane together with clathrin. Functional Syk is required for HRV entry via 
ICAM-1.°°7 


When virions enter cells by clathrin-dependent endocytosis, they encounter low pH, 
which triggers release of the viral RNA from the capsid. A role for low pH in infection can be 
demonstrated by determining the effect on entry of compounds that block acidification, such 
as weak bases (ammonium chloride, chloroquine, methylamine), ionophores (monensin, 
nigericin, X537A), or inhibitors of the vacuolar proton ATPase (concanamycin A, 
bafilomycin A). The pH of early endosomes is 6.5; as these vesicles mature to late 
endosomes, the pH drops to 5.5. Endosomal maturation is dependent not only upon vacuolar 
ATPases but also upon microtubules and membrane GTPases of the Rab family. Early to late 
endosome maturation can be inhibited by drugs that depolymerize microtubules 
(nocodazole), dominant negative Rabs, or inhibitors of PI3K signaling (wortmannin). In this 
way, it is possible to determine if viral entry occurs from early or late endosomes. 

Uncoating by FMDV clearly requires low pH because concanamycin A, monensin, and 
ammonium chloride all inhibit infection.°*+7°°!*,”°° Entry occurs from the early endosome as 
determined by experiments with dominant negative Rab proteins.*°? FMDV that bind 
heparan sulfate enter cells via a caveolae-dependent route, but low pH is still required for 
infection.°!° Consistent with this mechanism of uncoating, FMDV that has been coated with 
antibody can bind to, and infect, cells that produce Fc receptors, in contrast to poliovirus, 
which cannot productively infect cells via this pathway.*“° Cell receptors for FMDV are, 
therefore, hooks: they do not induce uncoating-related changes in the virus particle but rather 
serve only to tether the virus to the cell and bring it into the endocytic pathway. 


The range of pH at which rhinoviruses uncoat depends on the serotype and receptor 


bound by the virus. For LDLR interacting rhinoviruses such rhinovirus 2, the receptor is 
thought to only be required for trafficking the virus to the late endosome; downstream events 
are acid induced. Upon acidification of the virus-containing vesicle, LDLR dissociates from 
the virion, simultaneously pocket factor is released, and a hinge movement around the VP1 
pocket facilitates a shift of VP2 and VP3, leading to particle expansion and formation of 
pores at the base of the canyon and twofold axes. VP4 is released and the amphipathic N- 
terminus of VP1 is relocalized to the surface of the virion.°%-79.214983,497.912,975 Similar 
alterations have been observed between the native and empty capsids of enterovirus A71.’°" 
Infection by LDLR interacting rhinoviruses is inhibited by monensin, bafilomycin A1, 
nocodazole, and wortmannin.’*°.49” Uncoating of ICAM-1-binding rhinoviruses, such as 
rhinovirus 14, is also sensitive to bafilomycin and monensin, but at too low a pH, the particle 
dissociates, suggesting that higher pH of the early endosome is sufficient for uncoating.”® 
Although the receptor for enterovirus D68 is not known, low pH has been shown to lead to 
uncoating of multiple viral isolates. Analysis of cryo-EM reconstructions of acid-treated 
particles unveiled the structure of the expanded particle (E1), a transition intermediate 
between native and altered (Fig. 2.8). This newly described E1 particle retains the ordered 
structure of the N-terminal amino acids of VP1 and the ordered structure of VP4 despite 
expansion of the particle. Furthermore, pentameric interactions are weakened by disruption 
of the interpentamer /-sheets, and the capsid shell is thinner possibly allowing the influx of 
protons into the interior of the capsid needed to disrupt the stability of the N-terminus of VP1 
within the E1 particle.*!® 


Native Expanded 


FIGURE 2.8 Structures of the native and altered particle of four different 
picornaviruses. VP1 is blue, VP2 is yellow, and VP3 is deep pink. Hepatitis A 
virus (HAV) native [4QPI] and empty [4QPG] capsids, equine rhinitis A virus 
(ERAV) native [4CTF] and acid-induced expanded capsids [4CTG], enterovirus 
D68 (EV-D68) native [4WMB8] and acid-induced expanded capsids [6CS5], and 
rhinovirus 2 (HRV2) native [1FPN] and empty B capsids [3TN9]. 


Echovirus 7, which binds DAF, enters cells by clathrin-mediated endocytosis, and trafficking 
into late endosomes is required.*°* However, infection does not appear to require low pH, 
and therefore the trigger for uncoating and its intracellular location remains in question. 


Entry by Caveolin-Mediated Endocytosis 


As discussed above, CVB3 binds DAF, a GPI-linked protein localized within lipid rafts on 
the apical surface of polarized cells. The virus-DAF complex then moves to tight junctions 
(TJ) where it engages CAR. The virus is then internalized along with the TJ protein occludin 
by caveolin-1—-dependent endocytosis.'4* The role of occludin is not known but it could 
provide a scaffold for recruiting other molecules. Within 60 minutes, the virus is within 
caveolin-1—containing vesicles (caveolae and caveosomes). Phosphorylation of caveolin-1 by 
tyrosine kinases is required for CVB3 entry, but the role of this modification is not known. 
Dynamin is not required for uptake of this virus, suggesting that other routes of entry are 
involved. Inhibitors of micropinocytosis (rottlerin and dominant negative Rab34) block 
infection, indicating a role for this type of uptake. 


Echovirus 1, which binds the integrin a,$1, is taken into the cell by the caveolin- 
mediated endocytic pathway. The receptor is present in raft-like membrane domains that do 
not contain caveolin. Internalization of the virus does not depend on dynamin, but 
components of the macropinocytosis pathway, such as PKC, Pak1, and Racl, are involved. 
By 30 minutes after infection, the virus appears in vesicular structures that may be 
caveolae.**! These vesicles fuse with caveosomes, delivering the virus and its receptor to the 
perinuclear region.°°® The resulting compartment may be a novel type of multivesicular 
body; virus transport to them appears to depend upon ESCRT proteins.°°* 


Caveolin- and Clathrin-Independent Endocytosis 


In HeLa cells, poliovirus is taken up into cells by an endocytic pathway that is dependent on 
actin, ATP, and a tyrosine kinase but independent of clathrin, caveolin, flotillin, microtubules, 
and pinocytosis.°° Only after the conversion from the native to altered particle is poliovirus 
internalized.°° These virus-containing endocytic vesicles lack signature characteristics of 
either the early or late endosome. Within the endosome, transition to the altered particle 
occurs. This alteration significantly reduces the affinity of PVR for the virion, suggesting that 


infectivity is independent of the receptor.!4? Subsequent work showed that within the 
endosomal vesicle, the altered particle is released from PVR but remains tethered to the 
membrane via insertion of the N-terminus of VP1.*°? RNA released from the particle into the 
lumen of the vesicle occurs rapidly and within 100 to 200 nm of the cell surface. Entry was 
different in a highly polarized human brain microvascular endothelial cell line.'4* Poliovirus 
enters these cells very slowly via dynamin-dependent caveolar endocytosis. Virus binding to 
PVR induces tyrosine phosphorylation of the receptor cytoplasmic domain, which in turn 
recruits and activates SHP-2, which is required for infection. These observations emphasize 
that virus entry pathways are likely to differ substantially according to cell type. 


Uncoating 


The interaction of enteroviruses and ICAM-1-binding rhinoviruses with susceptible cells 
leads to the conversion of virions to a more slowly sedimenting form (1358S vs. 160S for 
native particles) (Fig. 2.7).!46°4! The resulting particles, called altered, or A, particles, 
contain the viral RNA but have lost the internal capsid protein VP4. In addition, the N- 
terminus of VP1, which is normally on the interior of the capsid, is on the surface of the A 
particle, externalized via a pore found at the pseudo threefold axes at the base of the canyon, 
binding the rearranged GH loop of VP3 and the top surface of VP2,10%294,405.413,418 
Conversion from the native particle to the altered particle typically includes a 4% increase in 
the diameter of the virion and creation of pores within protomers by movement of the f- 
barrel cores of VP1, VP2, and VP3 at the twofold axes®*79°.294,418 (Fig. 2.9). Physiological 
temperatures can spontaneously induce the reversible conversion between native and altered 
particles at a slow rate; however, upon receptor binding or the presence of low pH for 
poliovirus and rhinovirus, respectively, the conversion is irreversible.4°°*!° This tectonic 
rearrangement of the physical particle ends with formation of an amphipathic helix composed 
of VP4 and the N-terminus of VP1 inserted into the membrane of the endosome through 
which the viral RNA can travel to the cytoplasm (Fig. 2.9),1°%206293,294,529,526,664,689, 701 
variant of poliovirus containing an amino acid change at position 28 of VP4 can bind to cells 
and be converted to A particles, but these are blocked at a subsequent step in virus entry.*°* 
Additional genetic studies demonstrated that VP4 variants at position 28 lost the ability to 
form ion channels in vitro and delayed genome release.!°* Ectopic production of 
myristoylated rhinovirus VP4 can lead to the formation of membrane multimeric pores, 
which are similar in size to those necessary for RNA translocation.'°*°*° Receptor binding 
(poliovirus) or low pH (rhinoviruses, cardioviruses, aphthoviruses, enterovirus D) are 
therefore the catalysts that lower the energy barrier for the irreversible conversion to the A 
particle necessary for uncoating and genome delivery to the cell.4!8°” 
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FIGURE 2.9 Hypothetical site for translocation of poliovirus RNA out of the 
capsid. Stereo views of the 80S pseudoatomic model superimposed on a map 
produced from 206 135S particles made by incubation of native virus particles 


with receptor-decorated liposomes. °° These particles have a pore in the capsid 
that is thought to be the exit channel for RNA. The pore lies above Gln-68 in the 
N-terminal extension of VP1 from the adjacent protomer (green ball). VP1 is 
blue, VP2 is yellow, and VP3 is magenta. Exposed N-terminus of VP1 is colored 
cyan. (Courtesy of Michael Strauss, McGill University, and James M. Hogle, 
Harvard Medical School.) 


The initial model describing picornavirus uncoating and release of the RNA genome into the 
cytoplasm implied formation of a wide channel at the fivefold axes, displacing the solvent 
channel plug, and VP4, the N-termini of VP1 and RNA all exiting at this axis from a 
symmetric particle.2*°7°! The initial cryo-EM reconstructions of the poliovirus 135S and 80S 
particles or those of the rhinovirus 2 80S particle do not support this model. This work did 
not reveal openings at the fivefold axes, which could allow for release of the viral genome, 
nor was removal of the solvent channel plug observed. Instead, this work leads to the 
suggestion that VP4 and the amino terminus of VP1 are externalized from the base of the 
canyon; the amphipathic helix bridges the canyon, binding to the EF loop of VP2 at the tip of 
the propeller near the threefold axes and at the twofold axes; and the RNA genome exits from 
the threefold axes°499:19,294,405,413,418,761 (Fig, 2.9). This hypothesis is further supported and 
refined by the finding that VP4 of rhinoviruses forms oligomers upon extrusion and exits 
near the twofold axis, based on the observation that insertion of a cysteine in the N-terminus 
of VP4 leads to disulfide linking upon breathing.*°* Cryo-EM reconstruction of the E1 and A 
particles of enterovirus D68 as well as the cryo-EM reconstruction of the poliovirus 135S and 
the rhinovirus 2 80S particle further support this model; hinge-like movement of the VP1 f- 
barrel flattening the top and temporarily moving through pores at the twofold axes is 


generated by the internalization of the C-termini of VP2 and expelling VP4. The GH loops of 
VP1 are rearranged to form a radially oriented hairpin. Together with VP2, a hole at a quasi- 
threefold axis is formed, and the tips of the propeller blades disappear (Fig. 2.9). By 
disordering the loops of VP1 and VP2, externalization of the N-terminus of VP1 through the 
two-loop gates that separate holes at the twofold and pseudo threefold axes at the base of the 
canyon occurs. Once through the pore at the pseudo threefold axes, the N-terminus of VP1 is 
locked into place by interacting with the rearranged and exposed GH loops of VP3 and VP1 
and binding the tips of the VP2 propellers.!°*9+*!8 The result of these structural alterations 
is tethering of an asymmetric particle to the vesicular membrane, the formation of an 
asymmetric channel, an umbilicus at the pseudo threefold axes necessary for RNA 
translocation into the cytosol on only the surface near where VP4 has inserted into the 
vesicular membrane in order to tether the virion.!%:49%:54 However, the structural 
rearrangement of capsid proteins upon ICAM-1 binding of rhinovirus 14 is different. 
Analysis of the rhinovirus 14 80S particles revealed that the N-termini of VP1 exit through 
pores between neighboring VP1 molecules on the north rim of the canyon, not at the pseudo 
threefold axes, due to rearrangement of the N-termini of VP3 induced by ICAM-1 
binding.??° 


Cryo-EM reconstructions of 80S particles of HRV2,*°4 HRV14,°°° and poliovirus*°? also 
revealed a minimum of two classes of particles: those with partial or no electron density and 
particles surrounded by electron density, inside and out (presumably RNA). Analysis of these 
particles indicates that portions of VP1, which are not critical for the core structure of the 
virion, are no longer icosahedrally constrained, while the mesa found at the fivefold axes 
remains intact. The large pores between pentamers at the twofold axes also form during 
“breathing.” Moreover, the cryo-EM reconstructions divulged the presence of a highly 
structured RNA genome inside the virion; poliovirus genomic RNA is knobby and highly 
branched, while that of rhinovirus 2 is a well-ordered layer condensed into a rod under the 
protein shell oriented toward the twofold axes.9!9%28>-413.526 Analysis of the crystal structure 
of the enterovirus A71 73S particle, the empty capsid, unveiled a 5-degree counterclockwise 
rotation of the promoter around VP3 at the threefold axes, which pulls VPO away from and 
leads to formation of pores at the twofold axes, as well as collapse of the external walls of the 
VP1 pocket including that formed by the GH loop of VP1.’°% Moreover, x-ray 
crystallography and cryo-EM reconstruction of the rhinovirus 2 native and altered particles 
highlighted specific changes in contacts between the RNA and the interior of the capsid that 
are thought to help maintain the protein network between promoters. In particular, the VP2 
contact with the genome is maintained during alteration, but expulsion of the N-terminus of 
VP1 breaks the RNA—VP1 interface promoting formation of a new interaction between the 
N-terminal B-tubes of VP3 and the RNA at the fivefold axes.°°’ Consequently, exit of the 
RNA genome cannot occur at the fivefold axes; instead, the viral RNA gradually exits via a 
ratchet-like mechanism from an asymmetric site at the base of the canyon near the twofold 
axes as a Single strand lacking any secondary structures. The interior of the capsid may 
function as rails that conduct the RNA toward the pore.?9°7!4 Annealing of complementary 
fluorescently labeled oligonucleotides to the ends of the rhinovirus 2 genome revealed that 


egress of the RNA begins with the poly(A) tail—3’ end in a tightly coordinated process to 
avoid tangling and steric hindrance of the capsid.?°° 


Despite not knowing the cell molecule that functions as the receptor for Saffold virus, the 
energy required to facilitate A particle formation can be mimicked by heating the virus. 
Heating to 42 degrees and cooling induce particle alteration as well as dissociation into 14S 
pentamers. Similar observations have been made during mengovirus uncoating.*’* Cryo-EM 
reconstruction of the heat-induced A particle revealed that transition from the native to 
altered particle of cardioviruses follows a path similar to that described for enteroviruses: 
particle expansion of 4% and formation of large pores at the fivefold and threefold axes. 
Unlike enteroviruses, ordered residues of VP4 begin near the fivefold axes and end near the 
threefold axes of the same promoter, and no pore is observed at the twofold axes.*°? Further 
analysis of the A particle found that the RNA density was uniformly distributed at the center 


of the particle independent of any contact with the capsid.*°9 


While enterovirus capsids are stable at low pH and maintain icosahedral symmetry 
during uncoating due to the presence of extra f-sheet interactions in VP1, the acid-labile 
aphthoviruses_ dissociate into pentamers at low pH, as the viral RNA _ is 
released. ’°:107,192,376,436,442-444,716 A mechanism by which low pH causes disassembly of the 
FMDV capsid has been illuminated by structural and genetic studies. Examination of the 
atomic structure of the virus revealed a high density of histidine residues lining the pentamer 
interfaces, which are stabilized by B-sheet interactions.! These residues confer stability to the 
capsid; because the pK, of histidine is 6.8, close to the pH at which the virus dissociates, 
protonation of the side chains of the histidines might cause electrostatic repulsion, leading to 
disassembly.'*° To test this hypothesis, a histidine residue at position 142 of VP3 was 
changed to aspartic acid or phenylalanine. The resulting capsids were more stable at low pH 
than wild-type capsids,!®' supporting the proposed role of the histidine residue in acid- 
catalyzed disassembly. A single amino acid change of an alanine to valine in VP3 near the 
interpentameric interface enhances acid lability of the virus, while alterations of asparagine 
17 in VP1 and histidine 145 in VP2 enhance acid stability of the capsid. These observations 
suggest that acid sensitivity is mediated by not only the pentameric interface of VP3 but also 
the N-terminus of VP1.'°744°:7!8 These data imply that the initial model may have 
oversimplified the mechanism of acid-induced RNA and VP4 release during Aphthovirus 
infection. Accounting for function of nonhistidine residues and cryo-EM reconstruction of 
the native and acid-treated virions, it has been proposed that protonation of two histidine 
residues within the interpentameric face of VP3 introduces an electrostatic repulsion with the 
dipole of the a-helix of the neighboring pentamer, which initiates uncoating, while the N- 
terminus of VP1 modulates the pH threshold necessary for uncoating and dissociating into 
pentamer subunits.!°” Uncoating of these viruses ends with the pentamers in an “inside-out” 
conformation as interactions at the midpoint between the two- and threefold axes remain 
intact.2°© How FMDV breaches the endosome membrane is not known; it does not have a 
hydrophobic VP1 N-terminus, and A particles are not produced. Despite the acid lability of 
equine rhinitis A virus and the absence of a hydrophobic N-terminus of VP1, this particle still 


undergoes acid-induced structural arrangement, VP4 expulsion, and gross expansion?”»”° 


(Fig. 2.8). Changes among all adjacent pentamers as well as disruption of the electrostatic 
interactions occur at low pH. The interface between pentamers is significantly smaller, 
hydrophobic, and built upon a ring stacking interaction between two VP2 proteins across the 
twofold axes, leading to formation of pores at the threefold axes of no less than 45 A in 


diameter.?” 


Considering the various mechanisms for uncoating, the central problem is the same, how 
does the intact RNA genome transverse the protein shell and the vesicular membrane and 
enter the cytoplasm when its surrounding environment contains RNases and ions known to 
damage long molecules of RNA. Using fluorescent dyes, which only bind ssRNA, in vitro 
experiments of heated receptor-decorated liposomes bound with poliovirus further supported 
the hypothesis that the RNA genome traverses the lipid membrane into the lumen of the 
vesicle as a linear molecule. A similar amount of intraluminal fluorescence was observed 
when the same receptor-decorated liposome—virus complexes were heated in the presence of 
RNase A. This observation suggests that the RNA genome is protected from degradation 
during uncoating and release.*°? Immunofluorescence assays of HeLa cells infected with 
poliovirus in the presence of RNase A confirmed the observation that the RNA genome is 
protected from degradation even though the RNase is taken up with the virion. Using this 
same assay, it was found that infection of equine rhinitis A virus was also refractory to the 


presence of RNase A and the genome remained protected from degradation.*>° 


Regulation of Uncoating by Cellular Molecules 


The majority of studies examining picornavirus attachment, entry, internalization, and 
uncoating were based upon the assumption that all that was necessary for these processes was 
the cellular receptor, formation of an endosome, and acidification of the endosome. Viral 
proteins perforated the membrane, formed the pore, and protected the genome as it was 
released as a single unstructured strand via a ratcheting motion. However, a perforated 
endocytic vesicle is generally marked and targeted for autophagic degradation. Consequently, 
cell proteins may participate in the later steps of picornavirus uncoating in order to 
circumvent premature degradation of the virus-containing vesicle and allow for genome 
release. The recent identification of the host lipid—modifying protein PLA2G16 as a 
modulator of enterovirus infection supports the need for cell proteins during virus entry.°°4 
PLA2G16 is a phospholipase, catalyzing the conversion of phospholipids to fatty acids. 
When PLA2G16 is absent from the cell, both poliovirus and rhinovirus replications are 
impaired. Specifically, it is thought that the recruitment of PLA2G16 to the surface of the 
virus-containing endosome may block autophagic degradation of these vesicles by preventing 
their detection by the glycan-binding LGALS8, a protein known to participate in the 
clearance of damaged vesicles.!®*°* Several picornavirus 2A proteins lack enzymatic 
activity, including those of kobuviruses, parechoviruses, and tremoviruses, but are homologs 
of PLA2G16.°* It remains unknown if these proteins participate in viral uncoating as they 
are not found within the incoming virion. 


Beneath the canyon floor is a hydrophobic pocket that opens at the base of the canyon 
and extends toward the fivefold axis of symmetry. For many picormaviruses, this pocket is 
filled with a lipid of varied length. The icosahedral symmetry of the capsid therefore would 
allow each virion to contain up to 60 lipid molecules. It was originally thought that the 
presence of lipids in the hydrophobic pocket contributed to the stability of the native virus 
particle by locking the capsid and preventing conformational changes. This hypothesis comes 
from the study of antiviral drugs, such as the WIN compounds (first identified by Sterling- 
Winthrop, Inc.) and others including 3-(4-pyridyl)-2-imidazolidinone (GPP3), which displace 
the lipid and bind tightly in the hydrophobic pocket (Fig. 2.10).'°°° These antiviral 
compounds block breathing of the picornavirus capsid.*°° For instance, binding of WIN 
compounds to rhinoviruses 14 and 16 causes conformational changes in the canyon that 
prevent attachment to cells.°°° Inhibition of virus attachment to the cell surface by these 
compounds is probably not a consequence of altering the receptor-binding site but rather the 
result of preventing conformational changes required for receptor binding. In contrast, drug 
binding to rhinoviruses 1A, 3, and 16, poliovirus, enterovirus A71, and Coxsackievirus A16 
can cause small or negligible structural changes in the capsid.'°?-'>°747767298 Polioviruses 
containing bound WIN compounds can bind to cells, but the interaction with PVR does not 
result in the production of A particles.2°**°>7”° WIN compounds appear to inhibit poliovirus 
infectivity by preventing PVR-mediated conformational alterations that are required for 
uncoating. Additional support for the role of lipids in uncoating comes from the analysis of 
poliovirus mutants that cannot replicate unless WIN compounds are present.*®° Such WIN- 
dependent mutants spontaneously convert to altered particles at 37°C, without the cell 
receptor, probably because of the absence of lipid in the hydrophobic pocket. Moreover, 
drug-dependent mutants of poliovirus are thermolabile and spontaneously lose infectivity in 
the absence of drug at 37°C, probably because they do not contain stabilizing lipid in the 
pocket.48° Domain 1 of PVR penetrates the canyon of poliovirus and induces several 
dramatic structural arrangements, the pivoting of VP1 away from the fivefold axes, expulsion 
of pocket factor, and expansion of the particle.°°* Presence of the lipid in the hydrophobic 
pocket may therefore be a critical regulator of the receptor-induced structural transitions of 
enteroviruses. Removal of the lipid is therefore necessary to provide the capsid with 
sufficient flexibility to undergo the changes that permit the RNA to leave the shell. The 
results of computational modeling and kinetic studies suggest that stabilization of virus 
particles by drugs that replace the lipid is a consequence of increased compressibility rather 
than increased rigidity.°°>°*°® In some picornaviruses (e.g., rhinovirus types 3 and 14, 
rhinovirus C), however, the pockets appear to be empty, and these viruses are not inhibited by 
pocket-binding drugs.*?)7’7 
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FIGURE 2.10 Mechanism of antiviral activity of compounds that bind within 
the hydrophobic VP1 pocket. A: Top view of a protomer, consisting of one copy 
of VP1 (blue), VP2 (yellow), VP3 (deep pink), and VP4 (green). Orange spheres 
represent one molecule of the pocket-binding compound 3-(4-pyridyl)-2- 
imidazolidinone (GPP3) bound in the hydrophobic VP1 pocket. B: GPP3 bound 
in the Coxsackievirus A16 capsid. The drug is the small orange molecule at the 
base of the canyon. C: WIN52084 bound in the hydrophobic pocket. These drugs 
displace the lipid from the pocket, thereby blocking infectivity. Amino acids of 
VP1 that line the pocket are indicated. 


Several of these pocket-binding drugs have been evaluated in clinical trials, such as 


pleconaril for treatment of common colds caused by rhinoviruses?! and for enteroviral sepsis 
syndrome.°°! Such drugs are ineffective against picornaviruses for which the VP1 is 
collapsed or are filled such as rhinovirus C (Fig. 2.3) and human parechovirus 3.9624 


Translation of the Viral RNA 


Internal Ribosome Binding: The Internal Ribosome Entry Site 


Once the picornavirus positive-strand genomic RNA is released into the cell cytoplasm, it 
must be translated because it cannot be copied by any cellular RNA polymerase and no viral 
enzymes are brought into the cell within the viral capsid. Several experimental findings led to 
the hypothesis that translation of the picornavirus genome was accomplished by an unusual 
mechanism. The positive-strand RNA genomes lack 5'-terminal cap structures; although 
virion RNA is linked to the viral protein VPg, this protein is removed by the cellular 
unlinking enzyme TDP2!*’*° on entry of the RNA into the cell. Furthermore, picornavirus 
genomes are efficiently translated in infected cells despite inhibition of cellular mRNA 
translation. Determination of the nucleotide sequence of poliovirus positive-strand RNA 
revealed a 741-nucleotide 5'-noncoding region that contains seven AUG codons.*°%°°? 
Similar 5'-noncoding regions were subsequently found in other picornaviruses and shown to 
contain highly ordered RNA structures.°°**9 Removal of an internal sequence of 300 
nucleotides from the poliovirus 5'-noncoding region abrogates viral protein production,?*7 
while an internal sequence from the 5’-noncoding region of EMCV promoted translation 
initiation.°°° These findings led to the suggestion that ribosomes do not scan through 
picornaviral 5’-noncoding regions but rather bind to an internal sequence. The 5’-noncoding 
region of poliovirus positive-strand RNA was subsequently shown to contain a sequence that 
promotes internal binding of the 40S ribosomal subunit, and it was called the internal 
ribosome entry site (IRES) (Fig. 2.11). 
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FIGURE 2.11 Discovery of the internal ribosome entry site (IRES). A: 
Bicistronic messenger RNA (mRNA) assay used to discover the IRES. Plasmids 
were constructed that encode two reporter molecules, thymidine kinase (tk) and 
chloramphenicol acetyl transferase (cat), separated by an IRES or a spacer. After 
introduction into mammalian cells, the plasmids give rise to MRNA of the 
structure shown in the figure. In uninfected cells (top line), both reporter 
molecules can be detected, although cat synthesis is inefficient without an TIRES 
and is probably caused by reinitiation. In poliovirus-infected cells, 5'-end— 
dependent initiation is inhibited, and no proteins are detected without an IRES, 
demonstrating internal ribosome binding. B: Circular mRNA assay for an IRES. 
Circular mRNAs were constructed and translated in vitro in cell extracts. In the 
absence of an IRES, no protein is observed because 5'-end initiation requires a 


free 5’ end. Inclusion of an IRES allows protein translation from the circular 
mRNA, demonstrating internal ribosome binding. 


All picornavirus RNAs contain an IRES, as do other viral mRNAs.** Viral IRESs have been 
placed in eight groups, based on a variety of criteria, including primary sequence, secondary 
structure, location of the initiation codon, and activity in different cell types.*°° In the type I 
IRES (found in the genomes of enteroviruses and rhinoviruses) and the type III IRES 
(hepatitis A virus), the initiation codon is located 50 to 100 nucleotides beyond the 3’ end of 
the IRES, whereas it is located at the 3’ end of a type II IRES (cardioviruses and 
aphthoviruses) (Fig. 2.12). Avihepatoviruses, teschoviruses, tremoviruses, and members of 
the Kobuvirus genus harbor a type V IRES. 
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FIGURE 2.12 Four major types of picornaviral internal ribosome entry sites 
(IRES). The type I IRES is found in the genomes of enteroviruses. The genomes 
of cardioviruses and aphthoviruses contain a type IT IRES. The IRES of hepatitis 
A virus is type IV, and the type V IRES is represented by porcine teschovirus 1 
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and kobuvirus. 


There is little nucleotide sequence conservation among different IRES elements. The 
picornavirus IRES contains extensive regions of RNA secondary structure (Fig. 2.12) that are 
not strictly conserved but are crucial for ribosome binding. One sequence motif that is 
conserved among picornavirus IRESs is a GNRA sequence (G, guanine; N, any nucleotide; 
R, purine; A, adenine) in stem—loop IV of the type I IRES and in stem-loop I of the type II 
IRES. Another conserved element is an Yn-Xm-AUG motif, in which Yn is a pyrimidine- 
rich region and Xm is a 15- to 25-nucleotide spacer followed by an AUG codon. Translation 
initiation mediated by a type I IRES involves binding of the 40S ribosomal subunit to the 
RNA and scanning of the subunit to the AUG initiation codon. The 40S subunit probably 
binds at the AUG initiation codon of a type IT TIRES. 


The type III IRES has little homology with type I and type II IRES except for the Yn- 
Xm-AUG motif. It is structurally distinct, consisting of two major domains, and in addition 
requires intact e[F4F complex!? (Fig. 2.12). The type V IRES functions in a prokaryotic-like 
manner. The secondary structures of these RNA elements facilitate direct interaction with the 
small 40S ribosome.!9°19739:550 These interactions place a portion of the RNA within the P- 
site of the 40S ribosomal subunit as observed by in vitro toeprinting and structural analyses 
of RNA-protein complexes. Initiation of translation mediated by the type V IRES is 
therefore independent of all canonical translation initiation proteins including the ternary 
complex of e[F2a-GTP-met-tRNA,. The only initiation protein required is DHX29, necessary 


to unwind secondary structure surrounding the initiation codon.°:’7? No Met-tRNA, is 


required as the first amino acid of this polyprotein is glycine.**? Translation initiation 
mediated by the type V IRES may be also independent of all canonical translation initiation 
proteins as under stress conditions, the Met-tRNA, may bind directly to the ribosome. 


The IRES of kobuviruses is distinct from the type I, II, and III IRES.’”° Domain I is not 
related to elements found in any other IRES. Domain J consists of a long interrupted basal 
helix and an apical four-way helical junction, similar to but smaller than domain IV in the 
type I IRES. Its apical subdomain (Jb) also includes a GNRA tetraloop, which is essential for 
the function of the type I and type II IRES. The apex of domain K contains an element 
identical to an apical motif in domain J of the type II IRES that is essential for specific 
interaction with eI[F4G.°*'*® These domains are otherwise unrelated. An equivalent domain 
K of the type II IRES is also absent. Finally, the initiation codon is preceded by a Yn motif as 
in the type I/II IRES, but in contrast, it is sequestered in a long, stable hairpin, explaining 
why this IRES requires the DExH-box protein DHX29. 


Mechanism of Internal Ribosome Binding 


Different sets of translation initiation proteins are needed for internal initiation. Internal 
ribosome binding via the type IV IRES requires all of the initiation proteins, including eIF4E. 


A subset of translation initiation proteins is required for the activity of most picornavirus 
TIRES. 


Translation initiation via a type I IRES involves binding of the 40S ribosomal subunit to 
the IRES, followed by scanning of the subunit to the initiation codon. In cells infected with 
enteroviruses, eIF4G, the large scaffold protein, which binds eIF4E, eIF4A, elIF3, and 
poly(A)-binding protein (Pabp), is cleaved, inactivating the translation of most cellular 
mRNA (Fig. 2.13). This observation led to the hypothesis that full-length eI[F4G is not 
required for function of the IRES of poliovirus and other type I IRESs and that mRNA 
translation initiates when the 40S ribosomal subunit is recruited to the IRES through 
interaction with eIF3 bound to the C-terminal domain of eIF4G, which binds directly to the 
RNA. Addition of the C-terminal fragment of eIF4G to in vitro translation reactions 
stimulates activity of the poliovirus and other type I IRESs (Fig. 2.13).10®°!” These data are 
explained by the observation that the C-terminal fragment of eIF4G stimulates the helicase 
activity of eIF4A, which is necessary for initiation dependent upon the type I IRES, as the 
AOS ribosomal subunit is loaded on the RNA upstream of the initiating codon and must scan 
to the AUG.*! It also explains why type I IRES activity is enhanced in cells in which the 
poliovirus protease 2AP'° is produced.*!*”4 Protease 2AP'° is the picornaviral proteinase 
responsible for cleavage of eI[F4G. Although the IRES of many picornaviruses functions with 
cleaved eIF4G, the type II and IV IRESs require intact e[F4G.°° While the 40S ribosomal 
subunit binds at or near the AUG initiation codon of the type II IRES and no scanning 
occurs, elF4G is required to induce conformational changes around the initiating codon 
necessary for recruitment of the 40S subunit and placement of the initiation codon in the 
ribosomal A site.°°* Independent of the IRES type, the efficiency of translation initiation is 
also dependent upon the interaction between eIF4G and Pabp. This interaction is thought to 
form a closed loop of mRNA, which is necessary for the efficient return of translating 
ribosomes to the 5’ end. 


5’-end dependent 


FIGURE 2.13 Models for translation initiation complex formation. In 5’ end— 
dependent initiation, the 40S subunit is recruited to the messenger RNA (mRNA) 
through its interaction with eIF3, which binds eIF4G. The latter initiation factor 
is part of eIF4F, which also contains eIF4A, a helicase to unwind RNA secondary 
structure, and eIF4E, the cap-binding protein. Binding of eIF4E to the cap thus 
positions eIF4E at the 5’ end and positions the 40S subunit on the mRNA. In 
IRES-dependent translation, a 5’ end is not required. The eIF3—40S complex is 
believed to be recruited to the RNA by the interaction of eIF4G with the IRES. 


The poliovirus IRES functions poorly in reticulocyte lysates, in which capped mRNA can be 
translated efficiently. Addition of a cytoplasmic extract to reticulocyte lysates restores 
efficient translation from this IRES. These observations led to the suggestion that ribosome 
binding to the IRES requires cell proteins other than the canonical initiation proteins. Such 


proteins have been identified by their ability to bind the IRES and restore internal initiation 
in reticulocyte lysates (reviewed in‘?*). One host protein identified by this approach is the La 
protein, which binds to the 3’ end of the poliovirus IRES.*°° This protein is associated with 
the 3'-termini of newly synthesized small RNAs, including transcripts made by cellular RNA 
polymerase III. La protein is present in low amounts in reticulocyte lysates; addition of the 
protein to such lysates stimulates the activity of the poliovirus IRES.*°° La is a nuclear 
protein that is relocalized to the cytoplasm in poliovirus-infected cells.°® La protein is also 
required for efficient function of the EMCV IRES.° 


Polypyrimidine tract—binding (PTB) protein is composed of four RNA-binding domains 
and functions as a regulator of pre-mRNA splicing. It binds the poliovirus IRES*®° and is 
required by the type I, II, IV, and V IRES.?!* Removal of this protein from a cell extract with 
an RNA affinity column inhibits the function of the FADV IRES°°°? and that of EMCV, 
but does not affect translation by 5’-end—dependent initiation.°*? The deficiency in the 
function of these IRESs is restored by adding the purified protein back to the lysate. The 
depleted lysate, however, still supports the function of the IRES from Theiler murine 
encephalomyocarditis virus. It was subsequently shown that the requirement for PTB by the 
EMCV IRES depends on the nature of the reporter and the size of an A-rich bulge in the 
IRES.°*? It is thought that PTB facilitates initiation via the type I IRES by modulating 
binding of eIF4G to the viral RNA, through the interaction between the RNA-binding motifs 
1 and 2 of PTB, the bottom of domain V, and the RNA-binding motifs 3 and 4 within the 
single-stranded region of the viral RNA surrounding domain V of the IRES.°*“° Unlike the 
type I TRES, multiple copies of PTB are required to bind the FMDV, EMCYV, and other type II 
IRES. RNA-binding domains 1 and 2 of one PTB molecule bind domain F of the IRES, and 
RNA-binding domains 3 and 4 bind domains D and E of the IRES. RNA-binding domains 1 
and 2 of a second molecule of PTB bind domain K of the IRES, and RNA-binding domains 3 
and 4 interact with IRES domains H, I, and L, all with lower affinity.°**° 


HeLa cell extracts also contain unr, an RNA-binding protein with five cold-shock 


domains that is required for IRES function.*!! Recombinant unr stimulates the function of the 
rhinovirus IRES in the reticulocyte lysate and acts synergistically with recombinant PTB 
protein to stimulate translation mediated by the rhinovirus IRES in vitro. However, the 


poliovirus IRES inefficiently mediates translation initiation in unr’ cells even though PTB is 
present.” 


Ribosome-associated poly r(C)—binding proteins bind at multiple sites within the 
poliovirus IRES.®*-*!! One binding site for these proteins has been identified within stem— 
loop IV of the poliovirus IRES.®° Mutations in this region that abolish binding of poly r(C)- 
binding proteins cause decreased translation in vitro. Furthermore, depletion of poly r(C)- 
binding proteins from HeLa cell translation extracts results in inhibition of poliovirus TIRES 
function.°* When this assay was used to survey a wide range of picornaviral IRES elements, 
it was found that poly r(C)—binding proteins are required for function of the type I, but not 


the type II, IRES.’*! A second binding site for poly r(C)—binding proteins has been identified 
within a cloverleaf RNA structure that forms within the first 108 nucleotides of the positive- 
strand poliovirus RNA genome.*!!°9 The interaction of poly r(C)—binding proteins with this 
part of the RNA has been proposed to regulate whether a positive-strand RNA molecule is 
translated or replicated. 


The nucleocytoplasmic protein SRp20 functions with poly r(C)—binding protein 2 to 
promote initiation on poliovirus mRNA.®°* SRp20 binds to the KH3 domain of poly r(C)- 
binding protein 2. Depletion of SRp20 from cellular lysates by monoclonal antibodies or 
from cells by short interfering RNAs reduced IRES-mediated translation by 50%. Polysome 
analysis of infected cells by sucrose gradient fractionation demonstrated that both SRp20 and 
poly r(C)—binding protein 2 are at least partly associated with translation initiation complexes 
bound to stem-loop V of the poliovirus 5'-UTR.!%4 


Murine proliferation—associated protein 1 (Mpp-1) is required for the function of the 
FMDV IRES. This protein binds to a central domain of the viral TIRES and acts 
synergistically with PTB to increase the binding of eIF4F. It has been suggested that Mpp-1 
may determine the tissues in which the IRES functions. To test this hypothesis, a 
recombinant virus was constructed by replacing the IRES of Theiler virus with that of 
FMDV. Theiler virus replicates in the mouse brain, but the recombinant virus cannot, 


possibly because of the absence of Mpp-1 in this organ.°°? 


The DExH-box helicase DHX29 is necessary for the activity of the type V IRES.’”7 
Initially, this protein was identified because it enabled efficient 48S preinitiation complex 
formation on cellular mRNAs possessing highly structured 5’-noncoding regions.°° It is 
believed to be required for proper placement of the ribosome on RNAs possessing 
prokaryotic-like IRES elements, such as those of the flavivirus classical swine fever virus 
and the intergenic IRES of cricket paralysis virus, member of the Dicistroviridae.°™ 


Two proteins that function during vesicular trafficking between the endoplasmic 
reticulum and Golgi apparatus, Rab1b and ARF5, modulate the activity of the FMDV IRES. 
By interacting with the RNA, Rabib may facilitate RNA localization to the rough 
endoplasmic reticulum and promote protein synthesis, while ARF5 binding to the RNA on 
the surface of the trans-Golgi may prevent mRNA translation from occurring in the wrong 
cellular compartment.!°9 


Several cell proteins have been identified that inhibit virus protein production, including 
double-stranded RNA-binding protein 76 (DRBP76), K homology—-type RNA splicing 
regulatory protein (KHSRP), and AU-rich element degradation factor 1 (AUF1). These 
proteins were identified as binding the 5'-noncoding regions of different picornaviruses, and 
many inhibit mRNA translation’”’ (reviewed in Ref.*°'). 

No single cellular protein has been identified that is essential for the function of all viral 


IRESs. It has been suggested that the small ribosomal protein RPS25 may be an exception, as 
it appears to be required for translation from the IRES of poliovirus and the type [TV IRES of 


the flavivirus hepatitis C virus, but not for 5’ end—dependent translation.*?* How RPS25 
functions during internal ribosome entry has not been determined. A common property of 
some cellular proteins needed for IRES activity is that they are RNA-binding proteins that 
can form multimers with the potential to contact the IRES at multiple points. This 
observation has led to the hypothesis that such proteins may act as RNA chaperones, 
maintaining the IRES in a structure that permits it to bind directly to the translational 
machinery.**? IRESs that do not require such chaperones may fold properly without the need 
for cellular proteins. 


Processing of the Viral Polyprotein 


Cleavage Cascades 


Picornavirus proteins are synthesized by the translation of a single, long ORF encoded by the 
viral positive-strand RNA genome, followed by cleavage of the polyprotein by virus-encoded 
proteinases (Figs. 2.5 and 2.14). This strategy allows the synthesis of multiple protein 
products from a single RNA genome. The polyprotein is not observed in infected cells 
because it is processed as soon as the protease-coding sequences have been translated. The 
polyprotein precursor is processed cotranslationally by intramolecular reactions (in cis) in 
what are called primary cleavages, followed by secondary processing in cis or in trans 
(intermolecular). All picornavirus genomes encode at least one proteinase, 3C?™°/3CDP"°, and 


some encode two others: LP'® and 2AP!°. 


V V 
V V 

Hopton eles [wm be) = lable] © pom 
V V 

Temovi [vee [ves [ve [ale] [epee] «jm 
He V 


rons @ {UKE [WR [| Se 
Kobuvirus aCe ee 2B 2C eo (A)n 


Yip = y2Apro y 3Cpro ye ribosome skipping 


FIGURE 2.14 Primary cleavages of picornavirus polyprotein. In all viruses 
shown, the P2—P3 cleavage is carried out by 3CP!° (green triangle). In some 


picornaviruses, the P1—P2 cleavage is carried out by 2AP'° (magenta triangle) or 
3CP'°; in others, the 2A/2B bond is separated by ribosome skipping (orange 


asterisk). The LP’ proteinase (blue triangle) of aphthoviruses catalyzes its 
release from VP4. 


L Proteinase 


The first protein encoded in the genome of aphthoviruses, cardioviruses, erboviruses, and 
sapeloviruses is the L protein (Figs. 2.14 and 2.15). The L protein of aphthoviruses and 
erboviruses (and possibly that of avian sapelovirus) is a proteinase that releases itself from 
the polyprotein by cleaving between its C-terminus and the N-terminus of VP4.297°°° Based 


on sequence analysis, it was suggested that FMDV L?"° is related to thiol proteases.**° This 
prediction was supported by the results of site-directed mutagenesis, which showed that Cys- 
51 and His-148 are the active site amino acids.°°°°°° The atomic structure of L?'° reveals that 
it consists of two domains, with a topology related to that of papain, a thiol proteinase? 
(Fig. 2.15). The active site His is located at the top of the central a-helix, and substrate binds 
in the groove between the two domains. Besides releasing itself from the polyprotein, LP’° 
also cleaves the translation initiation protein eIF4G, causing inhibition of cellular translation, 
and G3BP1 and G3BP2, preventing stress granule formation.!©°’*° Independent of its 
protease activity, LP’ may have deubiquitinase and deISGylase activities.°’>’*? LP" also is 
an antagonist of the innate immune response. By cleaving elF4G, LP'° prevents synthesis of 
many IFN-stimulated gene products, but it also cleaves the Rig-I—like receptor laboratory of 
genetics and physiology 2 (LGP2) by impairing the positive feedback loop regulating 
interferon production.°?? 


papain S. griseus proteinase chymotrypsin 


FIGURE 2.15 Three-dimensional structures of LP'° of foot-and-mouth disease 


virus, rhinovirus 2AP', and hepatitis A virus 3CP"°. Below each is the cellular 
proteinase that is structurally similar to each viral enzyme. Catalytic residues are 
drawn as balls and sticks. Images drawn with MacPymol using the following pdb 
files: [2SGA, 2HRV, 2JQG, 1PIP, 1HAV, 5CHA]. 


The cardiovirus and senecavirus L proteins, which do not have proteolytic activity, are 
released from the P1 precursor by 3C?'°*° (Fig. 2.14). They are small polypeptides with an 
N-terminal CHCC zinc-finger motif and interact with the cellular GTPase Ran, inhibiting 
many cellular processes dependent upon GTP/GDP cycling.°*?°”" L protein is necessary for 
assembly of the virion and stimulates translation of the viral mRNA.*°'’” Although the 
proteins lack enzymatic activity, L proteins are potent antagonists of the innate immune 
response by inhibiting transcription of cytokine-encoding genes and iron/ferritin—mediated 
activation of the transcription protein NF-KB as well as modulating nucleocytoplasmic 
trafficking.°’°7°%.719.”83 The range of cell processes affected by L protein may allow for 
persistent infections by cardioviruses. 


2A Protease 


In cells infected with enteroviruses (and possibly sapeloviruses), the primary cleavage 
between P1 and P2 is mediated by 2AP"° (Fig. 2.14). Cellular proteins are also cleaved by 
2AP°, including elIF4GI, eIF4GII, Pabp, heart muscle’ dystrophin, and 
nucleoporins.241!7249.246,264,265,337,359,387,527 Tn the protein precursor of rhinovirus, 
poliovirus, and some other enteroviruses, the cleavage site for 2AP"° is between tyrosine and 


glycine. Other sites cleaved by 2AP"° include threonine—glycine and phenylalanine—glycine in 
certain coxsackieviruses and echoviruses. 


The relative resistance of poliovirus to IFN has been ascribed to 2AP"°, as a single amino 
acid change from Y to L at amino acid 88 renders the virus sensitive to inhibition by this 
cytokine.*°° Additional support for the role of 2A?" in countering IFN comes from 
experiments in which the proteinase-coding sequence was added to the genome of the IFN- 
sensitive EMCV. The production of 2A?"° during EMCV infection confers IFN resistance to 
the recombinant virus.*°° 


Based on sequence alignments, it was suggested that the structure of 2AP" would 
resemble that of small bacterial chymotrypsin-like proteinases (e.g., Streptomyces griseus 
proteinase A) and would possess a catalytic triad consisting of His-20, Asp-38, and an active 
site nucleophile of Cys-109 rather than serine.°? The results of site-directed mutagenesis and 
the resolution of the atomic structure of rhinovirus and Coxsackievirus B4 2AP"° confirm that 
these residues comprise the active site and that the fold of 2AP"° is very similar to that of 
Streptomyces griseus proteinase A°®°*°647,’72 (Fig. 2.15). However, 2A?" differs from all 
known chymotrypsin-like proteinases in that the N-terminal domain is not a f-barrel but 
rather a four-stranded antiparallel 6-sheet. The larger C-terminal domain contains a six- 
stranded antiparallel B-barrel. The active site catalytic triad is located in a cleft between the 
two domains. Another unusual feature of 2AP"° is a tightly bound zinc ion located at the 
beginning of the C-terminal domain. Biochemical and structural studies indicate that zinc is 
essential for the structure of the enzyme.°*°°46729 


The 2A/2B junction of aphthoviruses, avihepatoviruses, cardioviruses, erboviruses, 
senecaviruses, teschoviruses, Ljungan virus, and duck hepatitis virus is cleaved not by 
proteolysis but by an unusual mechanism called ribosomal skipping!®” (Fig. 2.14). Changes 
within the conserved amino acid sequence Asp-(Val/Ile)-Glu-X-Asn-Pro-Gly-Pro, which 
contains the cleavage site Gly-Pro, disrupt cleavage.°*’ The cleavage reaction occurs within 
the ribosomal peptidyl transferase (P-) site. Despite the Pro-encoding codon at the end of the 
2A-coding sequence being within the aminoacyl (A-) site, the translating ribosome pauses. 
This “stop,” together with the conformational constraint of the added proline and the a-helix 
formed by upstream amino acids occluding the exit tunnel of the translating ribosome, 
impairs peptide bond formation between the Gly and Pro. These events lead the eukaryotic 
release factor 1 to enter the A-site, followed by release of the synthesized peptide chain. 
Mutation of the Pro codon inhibits ribosomal skipping, confirming that insertion of proline is 


essential for the stop and release of the synthesized polypeptide, not the codon 
sequence.!’!°71372 Consequently, the first amino acid of 2B is always a proline. Impairment 
of ribosomal skipping negatively impacts cleavage at the L-P1-2A boundaries by 3C?°-*7! 
The ability of the 2A sequence to yield two proteins from a single open reading frame, 
without proteinase activity, has led to its use in many research and _ biomedical 
applications.°°9 


Because only enteroviruses and possibly sapeloviruses have proteolytically active 2AP"°, 
in cells infected with other picornaviruses, the VP1-2A cleavage is either carried out by 
3CP10333,523,623,624 or in Ljungan virus—infected cells by a NPG/P sequence following the 
VP1 protein?*® (Fig. 2.14). 

The polyprotein of Aichi virus, a member of the Kobuvirus genus, is unusual because the 
L and 2A proteins are not proteinases and there is no NPG/P motif at the 2A/2B junction. The 
only active proteinase encoded in the genome of this virus is 3C?'° and 3CD?"°, which can 
process all cleavage sites in the polyprotein, including the VP1/2A site°!® (Fig. 2.14). 
Efficient cleavage of the VP1/2A site requires tight binding of 3CDP"° to the 2A region of the 
substrate. 


3C Protease 


All picornaviruses encode 3C?"°, which carries out a primary cleavage between 2C and 3A 
(Fig. 2.14). Unlike the other picornavirus proteinases, 3C?'° may also carry out secondary 
cleavages of the P1 and P2 precursors. Poliovirus 3C?*° cleaves only at the Gln-Gly 
dipeptide; however, 3C?'° of other picornaviruses has less strict cleavage specificities and 
cleaves at other sites, including Gln-Ser, Gln-Ile, Gln-Asn, Gln-Ala, Gln-Thr, and Gln-Val. 
Clearly, other determinants of cleavage exist because not all such dipeptides in picornavirus 
polyproteins are cleaved by 3C?"°. Additional determinants include accessibility of the 
cleavage site to the enzyme, recognition of secondary and tertiary structures in the substrate 
by the enzyme, and amino acid sequences surrounding the cleavage site. For example, 
efficient cleavage of poliovirus Gln-Gly pairs requires an Ala at the P4 position (Gln is 
residue P1, numbering is toward the N-terminus).°* 


Sequence comparisons with cellular proteinases led to the prediction that 3C?"° folds 
similarly to the chymotrypsin-like serine proteinases, in particular Staphylococcus aureus 
proteinase.°”**0-** The putative catalytic triad was believed to consist of His-40, Asp-71 
(aphthoviruses and cardioviruses) or Glu-71 (enteroviruses and rhinoviruses), and Cys-147 as 
the nucleophilic residue, in contrast to serine in cellular serine proteinases. These predictions 
have been confirmed by site-directed mutagenesis and by resolution of the atomic structures 
of rhinovirus, hepatitis A virus, poliovirus, FMDV, and_ enterovirus 71 
3CPIO. 116,255,275,356,449,483,546,732 The viral enzyme folds into two equivalent f-barrels like 
chymotrypsin (Fig. 2.15) but differs in some of the connecting loops, in the orientation of the 
catalytic residues, and in areas needed for transition-state stabilization. The acidic member of 


the catalytic triad, Glu or Asp, points away from the active site His and, therefore, is not 
believed to assist in catalysis. However, 3C° also binds viral RNA (see discussion of 
genome replication and mRNA synthesis), and this binding site is distal from the active site 
of the enzyme. Despite the distance between the enzymatic active site and the RNA-binding 
motif, protease activity of 3CP"° is regulated by RNA binding, and the ability to bind RNA is 
modulated by protease activity.‘? The presence of this RNA-binding site imposes 
evolutionary constraints on 3C?"° that are not found in other proteinases. 


Both 3CP" and 2AP" are active in the nascent polypeptide and release themselves from 
the polyprotein by self-cleavage. After the proteinases have been released, they cleave the 
polyprotein in trans. The cascade of processing events varies for different picornaviruses 
(Fig. 2.14). In cells infected with rhinovirus and enteroviruses, the initial event in the 
processing cascade is the release of the P1 precursor from the nascent P2—P3 protein by 
2A? The activity of 2AP™ does not depend on whether it is cleaved from the precursor,?”” 
but further processing of P1 by 3CD?"° does not occur unless 2AP"° is released from P1.°°77! 
Next, 3CD?"° is released from the P3 precursor by autocatalytic cleavage. This proteinase, 
which contains the entire sequence of the viral RNA polymerase, carries out secondary 
cleavage of glutamine—glycine dipeptides in poliovirus P1 far more efficiently than 
3CP'0-342,770 Both 3CP’° and 3CD?" process proteins of the P2 and P3 regions with similar 
efficiency. The 3D?°! sequence within 3CD?" may be required to recognize structural motifs 
in properly folded P1, allowing efficient processing by the 3CP"° part of the enzyme. The 
presence of multiple activities in a single protein is not found among eukaryotic proteinases 
and is an example of how the coding capacity of small viral genomes can be maximized. Not 
all picornaviruses require 3CDP"° to process P1; aphthoviruses, cardioviruses, and 
hepatoviruses produce 3C?P"° that can cleave P1 without additional viral protein sequence. 


An advantage of the polyprotein strategy is that expression can be controlled by the rate 
and extent of proteolytic processing. Alternative use of cleavage sites can also produce 
proteins with different activities. For example, because 3CD?"° is required for processing of 
the poliovirus capsid protein precursor P1, the extent of capsid protein processing can be 
controlled by regulating the amount of 3CDP?"° that is produced. Because 3CD?"° does not 
possess RNA polymerase activity, some of it must be cleaved to allow RNA replication. 
Cleavage of 3CDP"° releasing 3D?°! is regulated by cholesterol.*!” 


A final processing step occurs during maturation, when VPO is cleaved to form VP4 and 
VP2. This event is discussed later. 


Viral RNA Synthesis 


In the 1950s, it was believed that the genome of RNA viruses was replicated by the cellular 
DNA-dependent RNA polymerase, through an intermediate DNA strand. The replication of 
RNA viruses, therefore, was thought to occur entirely in the cell nucleus. In the early 1960s, 
studies of mengovirus showed that virus infection results in the induction of a cytoplasmic 


enzyme that can synthesize viral RNA in the presence of actinomycin D.°*? This observation 
suggested that viral genome replication occurred through a virus-specific RNA-dependent 
RNA polymerase because cellular RNA synthesis is DNA dependent; it occurs in the nucleus 
and is sensitive to actinomycin D. A similar cytoplasmic, actinomycin D-resistant genome 
replication system was discovered in poliovirus-infected cells.*9 


In poliovirus-infected cells, the positive-strand genome is amplified to about 50,000 
copies per cell through a negative-strand intermediate. Three forms of viral RNA have been 
identified in the cell: ssRNA, replicative intermediate (RI), and replicative form (RF). 
ssSRNA, the most abundant form, is exclusively positive-strand; free negative strands have 
never been detected in infected cells. RI is a full-length RNA from which six to eight nascent 
strands are attached. RI is largely of positive polarity with nascent negative strands, although 
the opposite configuration has been detected. RF is a double-stranded structure, consisting of 
one full-length copy of the positive and negative strands. Viral RNA synthesis is asymmetric; 
the synthesis of positive strands is 30 to 70 times greater than the synthesis of negative 
strands 


Viral RNA-dependent RNA Polymerase, 3D?°! 


The first evidence for a viral RNA-dependent RNA polymerase activity came from 
experiments in which lysates from cells infected with mengovirus or poliovirus were assayed 
for viral RNA polymerase activity by the incorporation of a radioactive nucleotide into viral 
RNA.” Initial experiments demonstrated that the viral RNA polymerase is associated with a 
cellular membrane fraction, subsequently shown to be comprised of smooth membranes, 
which was called the RNA replication complex.**” A major component of the replication 
complex was a viral protein that migrated at 63 kD on polyacrylamide gels (therefore, called 
p63), which was suggested to be the viral RNA-dependent RNA polymerase. Other viral and 
host proteins, including 2BC, 2C, 3AB, and 3C?"°, however, were detected in the RNA 
replication complexes. 


A limitation of this early work was that replication complexes only copied viral RNA 
already present in the complex and did not respond to added RNA. Attempts were made, 
therefore, to purify a template-dependent enzyme from membrane fractions of infected cells, 
using a poly(A) template and an oligo(U) primer. A poly(U) polymerase activity was purified 
from poliovirus-infected cells, which could also copy poliovirus RNA in the presence of an 
oligo(U) primer. Highly purified preparations contained only p63, the major viral protein 
found in membranous replication complexes.'%°-’°’ This protein is the poliovirus RNA 
polymerase, now known as 3DP°!. In the absence of an oligo(U) primer, 3D?°! cannot copy 
poliovirus RNA. Recombinant 3D?” purified from bacteria or insect cells also requires the 
presence of an oligo(U) primer to copy poliovirus RNA.*98°% 3DP°!, therefore, is a template- 
and primer-dependent enzyme that can copy poliovirus RNA. Its molecular weight predicted 
from the amino acid sequence is 53 kD. 


The structures of all four types of polymerases, DNA-dependent DNA polymerase, 


DNA-dependent RNA polymerase, RNA-dependent DNA polymerase (reverse transcriptase), 
and RNA-dependent RNA polymerase, are characterized by analogy with a right hand, 
consisting of a palm, fingers, and thumb. The palm domain contains the active site of the 
enzyme. The picornavirus RNA polymerase 3D?° is produced by cleavage of a precursor 
protein, 3CDP", which is highly active as a proteinase, and binds cre (see below). The 
precursor 3CDP"° has no polymerase activity, nor does it take on the hand-like structure of a 
polymerase.*°* The hand-like structure of a viral RNA-dependent RNA polymerase was first 
observed when that of poliovirus 3D?° was determined at 2.6 A resolution by x-ray 
crystallography.?’” Additional structures of 3D?°! from poliovirus, three rhinovirus serotypes, 
FMDV, EMCYV, and Coxsackievirus B3, provide resolution of virtually all amino acids in the 
protein, offering a complete picture of this monomeric enzyme.210191,234,424,683 While the 
picornavirus polymerase has the same overall shape as other polymerases, the fingers and 
thumb differ (Fig. 2.16). The palm domain contains four conserved amino acid motifs (B, C, 
D, E) that are found in other RNA-dependent polymerases. Amino acids 1 to 68 of the index 
finger rise from the palm domain before forming a loop that contacts the thumb domain by 
reaching across the palm. This loop traps the ring finger underneath it, leading it to form the 
top of the channel through which nucleotide triphosphates enter. The channel includes 
conserved motif F that is important for interacting with the triphosphates. This interaction 
also forms a large pore between the thumb and pinky through which the template—product 
RNA duplex exits, with the thumb domain stuck in the RNA major groove. The template and 
product are of reverse complementarity and anneal together such that no strand separation 
can be physically observed. Yet, mutations in the thumb domain can alter the length of the 
poly(A) tail, implying that slippage between the stands in the absence of detectable strand 
separation occurs in order to generate a tail of varied length, which is not fully templated.*°” 
In vitro RNA transcription by picornavirus polymerases occurs via a duplex template 
suggesting that 3DP° must have an inherent strand separation function.!** Together with data 
from structures of the elongating polymerase-RNA complex, the footprint of 3D?” bound to 
the RNA duplex has been determined to include eight nucleotides of the elongating RNA and 
three base pairs downstream on the template.**° 


A 


FIGURE 2.16 Three-dimensional structure of poliovirus 3DP°!. Structure of 


poliovirus 3pPol polymerase and its elongation complex with primer-template 
RNA. The polymerase structure can be described by analogy to a cupped right 
hand, consisting of palm (gray) and thumb (blue) domains and finger domains 
with four discrete structural elements known as the index (green), middle 
(orange), ring (yellow), and pinky (red) fingers. The structure of the elongation 
complex shows the path of the RNA as the template strand (cyan) enters the 
polymerase from the top and of the template—product (gold) duplex as it exits the 
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polymerase between the pinky finger and thumb structures. C:Views from 


the top of the polymerase looking down into the active site (magenta) of 3DPo in 


the absence of RNA (A), the 3DP° elongation complex with bound RNA (B), 
and the elongation complex with a surface representation of the polymerase to 
show how the product RNA duplex is clamped in place between the pinky finger 
and thumb structures (C). D: Front view of the elongation complex showing the 
path template and product RNA strands. E: Back view of the elongation complex 
showing the NTP entry channel with the priming 3’ OH (red sphere) positioned 
above the active site and a bound di-deoxy-CTP (green ball-and-stick with 
phosphate groups in red and yellow). F: Surface representation of the elongation 


complex looking down the axis of the exiting RNA duplex. 3DP° from 
poliovirus and closely related picornaviruses is activated upon cleavage from the 


viral polyprotein, resulting in a newly created N-terminus that becomes buried in 
a pocket at the base of the finger domain that is ~15 A away from the active site 
itself (blue sphere in A and E). (Courtesy of Olve Peersen, Colorado State 
University.) 


It was suggested that processing of 3CD affected the location of the N-terminal glycine of 
3DP°!, which is buried in a pocket at the base of the fingers domain, in order to position 
Asp238 slightly away from the active site of the polymerase. On proteolysis, the N-terminal 
Gly was believed to push Asp-238 a distance of 1.4 A into the catalytic site. This slight shift 
in position would allow for hydrogen bonding between the Asp and both the 2’- and 3'-ribose 
hydroxyl groups of the incoming NTP, a reaction critical for discriminating between rNTPs 
and dNTPs*?034308 and active site closure. Furthermore, it correctly coordinates Asp233 
and two magnesium ions, which are necessary for polymerization.*°* Resolution of the 
structure of the Coxsackievirus B3 3D?°! reveals an unusual conformation for residue 5, 
which is located at a distortion within a B-strand near the exit of the RNA channel and is 
conserved in all known 3D?% structures.'°° Substitution of more hydrophobic residues, such 
as tryptophan at this position, results in higher enzymatic activity. Alterations at this position 
primarily change the temporal stability of the postinitiation elongation complex but may also 
affect the processivity of the enzyme and virus replication.°”° 


The catalytic cycle is composed of six structural states beginning with paused 
polymerase bound to the template stacked upon the RNA duplex and poised for the incoming 
NTP and an unstructured active site. Nucleotides enter the catalytic site via a large opening 
on the backside of 3D?°!. Upon selection, the nucleotide is positioned by the lysine and 
arginine residues that line the entrance. Base pairing between the template base and the 
incoming nucleotide triggers movement of the palm, facilitating rearrangement between the 
motif A-motif C- and the 2'OH of the triphosphate such that when the active site is closed, 
the triphosphate is correctly placed with the required magnesium ions coordinated to promote 
bond formation. Addition of the new base to the growing strand opens the active site, 
independent of movement of the fingers domain. Translocation of the RNA duplex one 
nucleotide occurs by “Brownian motion” and places the next templating base within the 
active site. The lack of movement in the fingers domain during polymerization is another 
unique feature of 3DP°!, 


What sets apart the picornavirus RNA polymerase from all others is that the templating 
nucleotide is prepositioned right above the active site stacked with the first base pair of the 
elongating strand and is ready for catalysis even in the absence of a bound nucleotide.*** 
Consequently, there is negligible RNA movement during phosphodiester bond formation. 
Moreover, there are little to no changes when compared with the protein structure in the 
absence of RNA. The simplicity of this nucleotide selection mechanism greatly influences 
polymerase fidelity. 


The first poliovirus 3D? structure also revealed that the polymerase molecules 
interacted in a head-to-tail manner and formed fibers; subsequently, the protein was shown to 


form a lattice.4*? The implication was that RNA would be replicated as it moved along the 
lattice, rather than the polymerase moving on the template. The head-to-tail fibers were 
formed by interface I, which involves more than 23 amino acid side chains between the 
thumb of one polymerase and the back of the palm of another. Amino acid changes in the 
back of the thumb that disrupt this interface impaired replication.'°!°°! Repetition of this 
interaction in a head-to-tail fashion results in long fibers of polymerase molecules 50 A in 
diameter. A similar interface was observed in crystals of 3DP°! of rhinovirus 14 but not 


thinoviruses 16 or 1b.4*4 Interface II is formed by N-terminal polypeptide segments, which 
may lead to a network of polymerase fibers in combination with interactions at interface I. 
These N-terminal polypeptide segments may originate from different polymerase molecules. 


The N-terminus of 3D? is required for enzyme activity, which would support the idea 
that interface II interactions are of functional consequence. Furthermore, intermolecular 
cross-linking has been observed between cysteines engineered at Ala-29 and Ile-441 of 


poliovirus 3D?°°°! and disruption of these interactions leads to lethality.°°° Polymerase- 
containing oligomeric structures resembling those seen with purified 3D? were observed on 


the surface of vesicles isolated from poliovirus-infected cells.4*? Because picornavirus RNA 
synthesis occurs on membranous vesicles, the concept of a flat, catalytic lattice is 
mechanistically attractive. 


Viral Accessory Proteins 


The poliovirus capsid proteins are not required for viral RNA synthesis; the region of the 
viral genome that encodes these proteins can be deleted without affecting the ability of viral 
RNA to replicate in cells.*°° The capsid-coding regions of rhinovirus, Theiler virus, and 
mengovirus, however, contain a _ cis-acting RNA sequence required for genome 
replication.4793:454 A cis-acting RNA sequence required for RNA replication has also been 
identified in the poliovirus protein 2C-coding region.*°° Genetic and biochemical studies 
implicate most proteins of the P2 and P3 regions of the genome in RNA synthesis. 


2A Protein 


As discussed above, 2A?"° protein is necessary for proteolytic cleavage of the polyprotein. 
The protein also appears to have a role in RNA replication. A deletion within the 2AP"°- 
coding sequence severely inhibits replication of subgenomic replicons, which lack the capsid 
region and are not dependent on proteolytic activity of 2A? to release the P1 region.!*! In 
another approach, a second IRES element was placed in the poliovirus genome before the 
2A?'°-coding region, effectively alleviating the need for the processing activity of the 
enzyme. Such viruses are viable.*’* Deletion of part of the coding region for 2A?" is lethal, 
however. By using a cell-free replication system, it was possible to determine the effect of 


2AP° on each step of the replication cycle.*4* The results show that 2A?" stimulates the 
initiation of negative-strand synthesis, but has no effect on positive-strand synthesis. How 


2AP'° achieves this affect is not known, but it has been suggested that the proteinase might 
modify a cellular protein required for negative-strand RNA synthesis.2*° 


2B Protein 


The 2B protein is a small, membrane-associated protein that is involved at an early step of 
viral RNA synthesis. Protein 2B has been called a viroporin, a protein that oligomerizes and 


inserts into membranes to create channels.*:**° Alterations of the 2B protein of poliovirus and 
coxsackievirus lead to viruses with defects in RNA synthesis.°4°7!° Adaptation of 
rhinoviruses to mouse cells is mediated in part by amino acid changes in 2B, which allow 
viral RNA synthesis in this host cell.2°* The structure and mechanisms by which 2B is 
membrane-associated varies among picornaviruses. Enterovirus 2B proteins, which are 97 to 
99 amino acids long, are predicted to possess two small hydrophobic domains, the first is a 
cationic amphiphilic a-helix, while the second is a fully hydrophobic helix,°°°-”'° while that 
of hepatitis A virus is 274 amino acids. Membrane pores induced by 2B proteins of 
enteroviruses are thought to result from protein oligomerization and assembly of tetrameric 
bundles that insert into the membrane. While the 2B protein of hepatitis A virus associates 
with membranes and induces the formation of tube-shaped vesicles, it does not oligomerize 
nor does it form a transmembrane pore. The structure of the soluble region of hepatitis A 
virus 2B protein including the C-terminus as determined by x-ray crystallography reiterated 
these differences. This region of the hepatitis A virus 2B protein is a curved five-stranded 
antiparallel 6-sheet of striking similarity to the B-barrel domain of 2A?"° followed by a helical 
bundle.’*’” The crystal structure also unveiled that 2B self-associates into a fiber- and 
amyloid-like structure that can act as platform for the recruitment of cellular and viral 
proteins necessary for replication. 


The role of protein 2B in RNA synthesis, however, is not known. Synthesis of the protein 
leads to an inhibition of protein secretion from the Golgi apparatus*?!©° and permeabilization 


of membranes,”®°!®7!47!2 which may play a role in release of virus from cells. Protein 2B is 
also partly responsible for the proliferation of membranous vesicles in infected cells, which 
are the sites of viral RNA replication. Because protein 3A has the same effect, it is not clear 
whether altered membrane proliferation is responsible for the RNA-defective phenotype in 
2B mutants. 


2C Protein 


Protein 2C is a highly conserved protein with membrane-, RNA-, and NTP-binding 
regions. !78997998,711,712 The structure of 2C suggests that it contains three domains, with 
amphipathic a-helices at both the N- and C-termini that mediate peripheral association with 
membranes*°°°8! and a central region with NTP-binding domains. Mutations responsible for 
resistance of poliovirus and echovirus to guanidine hydrochloride, which blocks viral RNA 


replication, are located in the 2C protein.?’*°°°.°°! This compound has been shown to inhibit 
specifically the initiation of negative-stranded RNA synthesis and has no effect on initiation 
of positive-strand RNA synthesis or on elongation on either strand.°° The nucleoside 
triphosphatase (NTPase) activity of protein 2C is inhibited by guanidine.°°* Protein 2C 
shares amino acid homology with known RNA helicases, proteins encoded by most positive- 
strand RNA viruses with large genomes. These enzymes are believed to be necessary to 
unwind double-stranded RNA structures that form during RNA replication. Purified protein 


2C, however, does not have RNA helicase activity.°°” Alteration of conserved amino acids 
within the NTPase domain of 2C results in loss of viral infectivity; the protein may therefore 
have two functions during viral RNA synthesis: as an NTPase and directing replication 
complexes to cell membranes. Synthesis of 2C causes disassembly of the Golgi apparatus 
and endoplasmic reticulum, and formation of vesicular structures similar, but not identical to, 


those that constitute the replication complex.”!*° 


2BC Protein 


Much of protein 2BC, the precursor to 2B and 2C, remains uncleaved during infection, and 
its presence is critical to viral replication.'*? Synthesis of 2BC causes membrane 
permeabilization to a greater degree than 2B synthesis alone® and leads to the formation of 


vesicles that are more similar to those formed during viral infection than does protein 2C.”!*? 
The C-terminus of 2B and the N-terminus of 2C may interact intramolecularly in 2BC, and 
protein cleavage may cause a conformational change that alters the properties of 2B and 2C 


individually.*°7!? Larger 2BC-containing precursors are also required for certain steps of 
replication,°“* although an intact 2C—3A junction is not strictly required.°°° 


3AB, 3A, and 3B Proteins 


A strongly hydrophobic region in the C-terminus of 3A mediates the association of 3A and its 
precursor, 3AB, with membranes,!®*-%°.6! thereby orienting the protein such that the 
majority of it is on the cytosolic side of the vesicle.!** Amino acid changes in the 
hydrophobic region of 3A yield replication-defective viruses.**!°9° Changes in viral host 
range have been mapped to 3A protein.°):282,399.511 The efficiency of cleavage 3ABCD into 
3ABC, 3AB, 3CD, 3A, 3B, 3C, and 3DP°! varies among picornaviruses. This series of 
cleavages occurs more efficiently during poliovirus infection than during Aichi or hepatitis A 
virus.2°4492,524 The solution structure of 3A demonstrates that it is a homodimer, with the 
dimer interface located in the central region of the protein.°°’ The requirement for 3A 
dimerization during infection has not been explored. Protein 3B, also known as VPg, plays 
an indispensable role in viral replication by acting as a protein primer for viral RNA 
synthesis (see below). Protein 3AB is believed to anchor VPg in membranes for the priming 
step of RNA synthesis. The purified protein greatly stimulates 3D?" activity in vitro°?*°°”9! 
as well as the proteolytic activity of 3CD?"47> 3AB interacts with 3DP° and 3CDP?"° in 


infected cells and with 3D?” in the yeast two-hybrid system.°°° Amino acid changes in 3DP°! 
that disrupt its interaction with 3AB result in viruses with defects in protein processing and 
viral RNA synthesis.**!**2 A complex of 3AB and 3CDP" also binds the cloverleaf at the 5’ 
end of the genome forming a RNA-protein complex that interacts with the poly(A) tail via 
interaction with Pabp.7°+7°” Aichi virus replication, particularly negative-strand synthesis, 
may be dependent upon formation of a closed loop.*?* A complex of 3AB and 3CDP" also 
binds 3'-terminal sequences of poliovirus RNA. 


Cellular Accessory Proteins 


Early studies of poliovirus replication using purified components suggested that a host cell 
protein is required for copying the viral RNA by 3D?° in the absence of an oligo(U) 
primer.!°° Although this protein was never identified, the concept of a host factor required for 
poliovirus replication endured, largely because an ample precedent was seen for the 
participation of host cell components in a viral RNA polymerase. The best-studied example is 
the RNA polymerase of the bacteriophage Qf, which is a multisubunit enzyme consisting of 
a 65-kD virus-encoded protein and three host proteins: ribosomal protein S1 and translation 
factors EF-Tu and EF-Ts.*”8 The 65-kD viral protein has no RNA polymerase activity in the 
absence of the host proteins but has sequence similarity with known RNA-dependent RNA 
polymerases. A subunit of the translation initiation protein eIF3 is part of the polymerase 
from brome mosaic virus.°”° Two different experimental systems have been used to provide 
additional evidence that poliovirus RNA synthesis requires host cell components. 


When purified poliovirus RNA is incubated in vitro with a cytoplasmic extract prepared 


from cultured, permissive cells, the viral RNA is translated, the resulting protein is 
proteolytically processed, and the genome is replicated and assembled into new infectious 
virus particles.*”° If guanidine, an inhibitor of poliovirus RNA synthesis, is included in the 
reaction, complexes are formed, but elongation cannot occur.*® The preinitiation complexes 
can be isolated free of guanidine, and, when added to new cytoplasmic extracts, RNA 
synthesis occurs. In the absence of cytoplasmic extract, preinitiation complexes do not 


synthesize viral RNA.*” These results indicate that one or more soluble cellular components 
are required for the initiation of viral RNA replication. A similar conclusion comes from 
studies in which poliovirus RNA is injected into oocytes derived from the African clawed 
toad, Xenopus laevis. Poliovirus RNA cannot replicate in Xenopus oocytes unless it is 
coinjected with a cytoplasmic extract from human cells.*!° 

Cellular poly r(C)—binding proteins are required for poliovirus RNA synthesis. These 
proteins bind to a cloverleaf secondary structure, also called stem—loop I, that forms in the 
first 108 nucleotides of positive-strand RNA (Fig. 2.17). Binding of poly r(C)—binding 
protein to the cloverleaf is necessary for the efficient binding of viral protein 3CD?"° to the 
opposite side of the same cloverleaf.!”!%-2!1°79 Formation of a ribonucleoprotein complex 
composed of the 5’ cloverleaf, 3CDP", and a cellular protein is essential for the initiation of 
viral RNA synthesis.‘” The human cell protein required for replication of poliovirus RNA in 


Xenopus oocytes has also been identified as poly r(C)—binding protein.*!! A model of how 


these interactions lead to viral RNA synthesis is shown in Figure 2.17. The ternary complex 
728 


with stem-loop I may also function during positive-strand RNA synthesis. 


FIGURE 2.17 Model for the synthesis of poliovirus (—) strand RNA. The (+) 
strand template is shown in green with the 5’-cloverleaf structure, the internal cre 
sequence, and the 3’ pseudoknot. A ribonucleoprotein complex is formed when 


poly r(C)-binding protein (PCBP) and 3CDP"® bind the cloverleaf structure. The 
ribonucleoprotein complex interacts with Pabp1, which is bound to the 3’- 


poly(A) sequence, producing a circular template. Protease 3CDP'° cleaves 
membrane-bound 3AB to produce VPg and 3A. The cre sequence binds 3DpPol, 


3CDP'°, and VPg. VPg-pUpU is synthesized by 3DP° using the sequence 
AAACA of cre as template. The complex is transferred to the 3’ end of the 


genome, and 3DP°! uses VPg-pUpU to prime RNA synthesis. 


Another candidate for a host protein that is essential for poliovirus RNA synthesis is 
poly(A)-binding protein 1. This protein interacts with poly r(C)—binding protein, 3CD?"°, and 
the 3'-poly(A) tail of poliovirus RNA, circularizing the genome®*9! (Fig. 2.17). The 
mechanism for negative-strand RNA synthesis is hypothesized to include formation of a 
circular ribonucleoprotein complex. 


Even though infectious poliovirus and other picornaviruses can be produced from viruses 
that lack the 3'-noncoding region, replication is inefficient.9°°'°°+7!4 Binding of 
heterogeneous nuclear ribonucleoprotein C is necessary to bring both the 5’ and 3’ ends of the 
negative-strand RNA together forming a closed loop of RNA, necessary to stabilize 
interactions between the two ends to promote 3C/3CD binding to the replicative 
intermediate. The absence of the 3’-noncoding region abolishes the closed loop needed. 
Consequently, initiation of positive-strand synthesis is compromised.!®4 


Protein-primed RNA Synthesis 


As discussed, poliovirus 3D?°! is a primer-dependent enzyme that will not copy poliovirus 
RNA in vitro without an oligo(U) primer. The discovery of VPg linked to poliovirus genome 
RNA, as well as to the 5’ end of newly synthesized positive- and negative-strand RNA, 
suggested that VPg might be involved in the initiation of RNA synthesis. This hypothesis 
was supported by the finding that both VPg and a uridylylated form of the protein, VPg- 
pUpU, can be found in infected cells.!4° Furthermore, VPg-pUpU can be synthesized in vitro 
in a membrane fraction from poliovirus-infected cells.°”° Additional evidence that VPg can 
serve as a primer for poliovirus RNA synthesis comes from experiments in which synthetic 
VPg is first uridylylated in vitro and then added to an in vitro polymerase reaction containing 
a poly(A) template and 3D?°!?’ The labeled, uridylylated VPg is extended to form poly(U). 
This evidence shows that poliovirus RNA replication is primed by a genome-linked protein, a 
mechanism also involved in adenovirus DNA replication. A model for VPg priming of 
poliovirus RNA synthesis is shown in Figure 2.16. 


The unprocessed P3 precursors 3BC and 3BCD, though minor products of P3 processing, 
can be uridylylated in vitro and bind the RNA stem—loop where RNA replication is initiated 
with greater affinity than VPg. Moreover, the presence of 3BC facilitates recruitment and 
retention of 3DP° for VPg and RNA.**! Although no protein larger than VPg has been 
detected linked to nascent RNA strands during virus infection, the use of a subgenomic 
replicon with an uncleavable bond between 3B and 3C (Gly-Gly instead of Gln-Gly) 
demonstrated that processing of 3BC is not necessary for genome replication as 3BC could 
be linked to the nascent RNA strand. In fact, 3BC has a higher affinity for RNA than 3B. 


The template for uridylylation of VPg is an RNA hairpin, the cis-acting replication 
element, cre, located in the coding region of many picornaviruses”*>*)”°” (Fig. 2.17). The 


cre for FMDV replication is located within the 5’-noncoding region.**’ The cre functions 
independent of position in the genome, and its location differs among viruses. Within all cre 
elements is a conserved sequence, GXXXAAAXXXXXXA, of which only °AAA’ is 
essential for the reaction. VPg and two molecules of 3D?°! bind the RNA hairpin, placing °A 
within the palm domain of one molecule of polymerase. Uridylylation occurs within the 
active site of the second molecule of 3DP°!-°°? The addition of two uracils to Tyr3 of VPg is 
templated by the °A, suggesting that uridylylation occurs via a “slide-back” mechanism.°°° 


Results of genetic analysis suggested that the interaction of VPg with 3D?° occurs on the 
surface of the enzyme near conserved motif E, on the back side of the palm near the base of 
the thumb, which is distant from the catalytic site, and are not consistent with structural data 
or the observation that alterations within the proposed 3AB binding site impair the 
reaction.2%190256,430,569 Instead, the crystal structures of the VPg-3D?°! of FMDV, rhinovirus, 
enterovirus 71, and Coxsackievirus B3 suggest that the VP¢g contact sites on 3D?°! may vary 
among picornaviruses; VPg binds motif F and the thumb on FMDV 3D?" placing VPg 
within the catalytic site and facilitating the cis mechanism of uridylylation, while VPg binds 
the end of the palm of Coxsackievirus B virus 3DP°!, and the addition of UMP to tyrosine 3 
accusinirais-° 


Cellular Site of RNA Synthesis 


Remodeling of Cell Membranes 


Picornaviral RNA synthesis, like that of most RNA viruses, occurs in the cytoplasm of the 
cell. Virus infection leads to the proliferation and rearrangement of intracellular membranes 
in infected cells, first described by electron microscopy studies done in the 1960s.'°! The 
single- and double-membraned vesicles, replication organelles (RO), are primarily derived 
from the ER, Golgi apparatus, and lysosomes, and de novo synthesized lipids eventually fill 
the cytoplasm.°°”4°4 Two distinct types of ROs have been identified, as vesicles with 
numerous separate invaginations at the boundary between the RO and host organelle with 
RNA synthesis taking place inside the folds or as a membrane protrusion from the cell 
organelle creating a tubular and/or vesicular structure and genome replication occurring on 
their surfaces. Both structures serve as platforms for viral replication by increasing the local 
concentration of proteins necessary for virus reproduction as well as hiding intermediates and 
preventing sensing by the innate immune response. Consequently, networks of single- 
membrane vesicles are the site of virus replication. 


Rearrangement of the secretory pathway components ER, Golgi apparatus, and 
lysosomes begins early during picornavirus infection.°°’ At 2 hours postinfection, dramatic 


alterations of cytoplasm can be seen, comprising an increased number of ribosomes along the 
ER and nuclear membrane and formation of single-membrane tubules with interior 


density.’2!®° Furthermore, trafficking of secretory cargo is also impaired. Electron 


tomography experiments revealed that poliovirus 3A—associated RO originates from the 
GM130-positive cis-Golgi apparatus as an intertwining network of clusters of single- 
membrane branched tubular structures in a porous sponge-like arrangement.°/?77:219:498.476,622 
These observations support earlier data in which the RNA RF of the Coxsackievirus B3 
genome in combination with the 3A and 3D?" proteins and the Golgi-specific proteins Arf1, 
a small Ras-family GTPase, and GBF1, a guanine nucleotide exchange factor, were found to 
colocalize on the surface of the Golgi apparatus.°?’ However, no component of the RO of 
cardioviruses colocalizes with Golgi-specific markers; instead, these structures are thought to 
be derived from the ER.'°8 For those picornaviruses whose RO originates from the Golgi 
apparatus, the ER is a source of phosphatidylinositol-4-phosphate (PI4P)-rich membranes. 


Membrane contact sites are critical regulators of lipid homeostasis in both the infected 
and uninfected cell. They facilitate the nonvesicular exchange of lipids, cholesterol, and 
phosphatidylinositol-4-phosphate (PI4P) between organelles and are particularly crucial for 
movement of the molecules between the ER and Golgi apparatus. Proteins found within 
membrane contact sites include oxysterol-binding protein (OSBP) 1 and 2, a sterol-binding 
protein, which responds to levels of free intracellular cholesterol and Pl4ka/p, 
phosphatidylinositol-4-kinase Hla/6, which catalyzes production of PI4P in addition to 
regulating membrane fluidity. OSBP facilitates the trafficking of cholesterol from the ER to 
the Golgi and PI4P from the Golgi to ER,**! ensuring a continuous flux of cholesterol toward 
the Golgi. During picornavirus infection, the membrane-bound 3A protein recruits both 
OSBP and PI4KIII£ to the RO, creating contact points between the RO and either the Golgi 
(for enteroviruses and kobuviruses) or ER (for cardioviruses). Via activity of OSBP and 
PI4K, the lipid composition of the RO is unique, enriched for both PI4P and cholesterol.*%° 
3A protein also interacts with ACBD3, acyl-coenzyme A-binding domain-—containing 3 
protein, aiding in the recruitment of PI4KIII£ to the RO and to the surface of the Golgi 
apparatus. However, the need for ACBD3 to recruit PI4KTII to the surface of the RO may be 
virus specific.2©27198:169,170,249,319,617,705 Furthermore, RO formation during hepatitis A virus 
and Aphthovirus infection is independent of PI4K and OSBP.°:°%68.149,215,249,396,667 While 
modulation of the lipid composition of the RO may be necessary to ensure proper processing 
of the viral polypeptide,**°:!99-*°9 the mechanisms by which the RO forms and how its lipid 
composition is achieved may reflect an evolutionary relationship among picornaviruses. 


Although the ER is rearranged during picornavirus infection and vesicular trafficking 
proteins COPII and COPI, which mediate traffic between the ER and Golgi apparatus, 
associate with the replication structures of some picornaviruses such as echovirus and 
poliovirus and replication of these viruses is sensitive to BFA, a compound that inhibits 
GBF1 activity, the ER does not seem to be a source of membranes for enterovirus or 
kobuvirus RO generation as once thought. !29.219.307,613,693 The ER protein calnexin does not 
colocalize with 3A or other viral proteins needed for replication, COPII vesicle formation 
increases only early during infection, and the presence of inactive Sarl, an ER-resident 
GTPase known to function during ER to Golgi trafficking, has little effect on Coxsackievirus 
B3 replication. Moreover, neither poliovirus nor Coxsackievirus B3 replication was rescued 


by the production of catalytically inactive GBF1 in the presence of BFA, and production of 
poliovirus 3A and 2C led to membrane arrangement indistinguishable from that observed 
during infection in the presence of BFA. Replication of a poliovirus variant with amino acid 
changes in 2C and 3A was not altered in the presence BFA despite the requirement for GBF1. 
Furthermore, Aichi virus replication is BFA insensitive and neither protein is necessary for 
cardiovirus replication. Moreover, reorganization of the membrane network and vesicle 
formation during virus infection does not rely on the vesicle budding machinery.°>*!* These 
data further support the notion that the requirement for proteins of the secretory and lipid- 
modulating pathways is virus specific. GBF1 and Arf1 instead may be needed for PI4KIII£ 
and/or OSBP recruitment or functions of the RO during RNA synthesis. 


Membranes for picornavirus ROs may also come from the ER-Golgi intermediate 
compartment (ERGIC). These membranes are enriched for PI4P, phosphatidylcholine, and 
phosphatidylinositol-4,5-bisphosphate (PIP2). Generation of RO from this membrane source 
is dependent upon 3CD instead of 3A. The results of numerous biochemical experiments 
describing replication of several picornaviruses, including poliovirus and coxsackievirus, 
indicate dependence upon GBF1. In this model, 3CD recruits GBF1 as well as Arf1l and GTP 
to the surface of the RO. The complex may in part be anchored by 3AB. Formation of a 
complex consisting of 3CD-GBF1-Arf1 promotes PI4Kf recruitment, activation, and de novo 
synthesis of PI4P in the absence of Golgi destruction. The 3CD-anchored complex allows 
3AB to inhibit GBF1 or PI4Kf such that PI4P is removed from the Golgi membrane, and all 
PI4P biosynthesis would depend upon 3CD. Variants of poliovirus resistant to the PIK93, a 
compound that inhibits PI4P biosynthesis, were found to have amino acid changes within the 
3AB protein. The increase in PIP2 concentration may aid in transiting the single-membrane 
RO to double-membraned and the autophagosome by recruiting ATG14, lipidated LC3, and 
proteins of the early autophagy pathway.*! 

Independent of the source of the membranes used to construct the RO, there is a 
continuous need for new membranes and lipids including cholesterol and PI4P 
lipids.249-07317.617 Picornavirus infection stimulates de novo phospholipid synthesis, 
enhances uptake of long-chain fatty acids, and increases activity of acyl-CoA synthetase, 
elevating levels of intracellular free cholesterol and the rerouting of triglycerides to 
phosphatidylcholine synthesis.*°'?!7494723 Synthesis of 2BC protein stimulates clathrin- 
mediated endocytosis of cholesterol early during infection, while 2A, independent of its 
catalytic activity, is required for the import of long-chain fatty acids.49°* In addition, 
picornavirus infection triggers the relocalization of many enzymes, including those that 
participate in de novo lipid synthesis such as CCTa, from the nucleus to the RO, and the 
hydrolysis of neutral fatty acids.’*° 


In enterovirus-infected cells, membrane contacts with lipid droplets are also essential for 
the formation of the RO.*%° The viral proteins 2C and 2BC on the surface of lipid droplets 
and the RO interact, tethering the two together. Furthermore, 2C interacts with the host 
lipolysis machinery to provide lipids needed for RO formation. Disruption of the membrane 
contacts or inhibition of lipolysis blocks RO biogenesis and interferes with viral replication. 


Despite being morphologically distinct from the double-membraned vesicles, which fill 
the cytosol late during virus infection, the early single-membrane vesicles, sites of the 
exponential phase of RNA replication, are the precursors for these later vesicles.°” The 
transition from single- to double-membraned vesicles may reflect the production of sites of 
encapsidation and particle maturation. 


Vesicular maturation occurs via a bending mechanism, during which the single- 
membrane structures increase in size, become irregular in shape, and collapse inward 
facilitating membrane pairing and promoting fusion of the ends of the single-membrane 
structure engulfing some cytoplasm‘! (Fig. 2.18). The resulting double-membraned vesicles, 
autophagosomes, are decorated with lipidated LC3 protein, an autophagy protein sensor, late 
endosomal protein LAMP-1, and lysosomal cathepsin but lack the adaptor SQSTM1/p62. 
They have a_ deflated, crumpled exterior and an __ electron-dense 
interior. 137°24,992,472,493,637,678,679 Some virus-containing double-membraned vesicles will 
fuse with the lysosome prior to virus release. Fusion of the autophagosome with either the 
late endosome or lysosome is mediated by SNARE complexes composed of STX17, 
VAMP8, SNAP 29 on the surface of the autophagosome, SNAP 47 that associates with the 
late endosome,°”? and the adaptor PLEKHM1.**1°°° By merging with the lysosome, the 
interior of the autophagosome is acidified. The influx of protons stimulates cleavage of VPO, 
a maturation step for many picornaviruses, releasing VP4 into the interior of the capsid as 
well as destruction of the outer membrane of the autophagosome. This step facilitates 
acquisition of and release of an enveloped virion.°°%* Inhibition of autophagosome 
formation impairs RNA replication and virus release, but blocking acidification only impairs 
the cleavage of VPO into VP2 and VP4.°°* During Coxsackievirus B3 and enterovirus D68 
infection, 3C"° cleaves proteins that mediate autophagosome maturation and flux including 
SNAP 29, SNAP 47, SQSTM1, and PLEKHM1.!°”*” Poliovirus infection also prevents 
induction of the mnTOR-ULK1/ULK2 canonical autophagy pathway (reviewed in Ref.°°*). 
Inhibition of autophagosome maturation may favor picornavirus replication by augmenting 
the amount of cytoplasmic membranes for RO assembly and preventing RNA and/or protein 
degradation, as the intracellular virus concentration has been shown to significantly increase 
but extracellular virus titers decrease by a similar amount. How and when these membranes 
would be incorporated into the RO remains unknown as recycling of membranes is not 
observed during virus replication and infection up-regulates de novo phospholipid synthesis 
for this purpose.7°13!7,494,723 
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FIGURE 2.18 Schematic diagram of membrane rearrangement during 
picornavirus infection. 1. Early during infection, virus-specific 3A protein is 


recruited to the surface of the cis-Golgi apparatus, bringing along 3DP°!, 3CDP"®, 
and the viral RNA. In addition, 3A stimulates relocalization of the Golgi proteins 
Arfi, GBF1, and PI4KIIIf. 2. As infection proceeds, an intertwined network of 
single-membrane tubular vesicles form, which are the predominant sites of virus 
replication. 3. During the course of infection, the vesicles begin to collapse and 
invaginate inward, generating a double-membraned vesicle. 4. As the ends fuse, 
cytosol is included within the lumen of the vesicle, giving it an electron density. 
Genome replication and particle assembly occur on the inside and outside of the 
vesicle. 5. Some vesicles will become preautophagosomal and recruit the 


lipidated form of LC3. The autophagosomal vesicles predominate. As these 
vesicles traffic toward the plasma membrane, they become acidified stimulating 
virion maturation. At the plasma membrane, the virus-filled autophagosomal 
vesicles fuse with the membrane, releasing virus into the extracellular 
environment in a nonlytic manner. 6. Other vesicles remain single-membrane 
that, when filled with viral progeny, lyse and release the virion into the external 
environment. 


Nonlytic release of hepatitis A virus occurs independent of autophagy. Similar to retrovirus 
release, which is dependent upon a stretch of 4 amino acids PPXY, P(S/T)AP, or (L)YPX,/3L 


within the “L” domain of the Gag polypeptide to recruit the Endosomal Sorting Complexes 
Required for Transport (ESCRT) machinery via the adaptor ALIX, two “L”-like domains can 
be found within the hepatitis A virus VP2 protein.'8”7!°-°8” These domains are on the surface 
of the particle and promote recruitment of ALIX, which in turn assembles the ESCRT 
complex. Together with ALIX—ESCRT, virus particles are trafficked to the plasma membrane 
and enveloped and bud into the extracellular environment.!®” The ROs of other enteroviruses 
such as poliovirus, Coxsackievirus B3, and rhinovirus have been found to be adjacent to sites 
of capsid synthesis. The colocalization of RNA synthesis with capsid formation suggests that 
RO may also be a platform for particle assembly, enabling for particles to be encapsidated in 
phosphatidylserine, a core component of RO membranes.!!7 


Translation and Replication of the Same RNA Molecule 


The genomic RNA of picornaviruses is not only mRNA but also the template for synthesis of 
negative-strand RNA. How does the viral polymerase, traveling in a 3’ to 5’ direction on the 
positive strand, avoid collisions with ribosomes translating in the opposite direction? It is 
thought that a mechanism exists to avoid the two processes occurring simultaneously. In vitro 
experiments using inhibitors of protein synthesis demonstrate that, when ribosomes are 
frozen on the viral RNA, replication of the RNA is inhibited. In contrast, when ribosomes are 
released from the viral RNA, its replication is increased.*? These results suggest that 
replication and translation cannot occur on the same template simultaneously. 

A mechanism for regulating viral RNA translation and replication involves cleavage of 
poly r(C)—binding protein. This protein functions in IRES-dependent translation by binding 
stem-loop IV®.*"! (Fig. 2.12) and in viral RNA synthesis by binding stem-loop I*!*°9 (Fig. 
2.17). Poly r(C)-binding protein is cleaved by viral 3CP"°; the cleaved protein can no longer 
stimulate IRES-dependent protein synthesis but is competent to participate in the initiation of 
viral RNA replication.°*? Another mechanism involves binding of 3CD to stem-loop I, which 
increases the affinity of poly r(C)—binding protein for stem-loop I and decreases it for stem— 
loop IV.2!* Cleavage of PTB by 3CP' also leads to reduced viral translation.*° The 
consequence of these modifications is that viral IRES-dependent translation is down- 


regulated and ribosomes are cleared from the viral MRNA, allowing unimpeded transit of 
RNA polymerase. 


Experimental evidence indicates that some ribosome and RNA polymerase collisions do 
occur. This conclusion is based on the isolation of a poliovirus variant whose genome 
contains an insertion of a 15 nucleotide sequence from 28S ribosomal RNA (rRNA).!° 
Apparently, the RNA polymerase collided with a ribosome, copied 15 nucleotides of rRNA, 
and then returned to the viral RNA template. 


Discrimination of Viral and Cellular RNA 


The RNA-dependent RNA polymerases of picornaviruses are template-specific enzymes. 
Poliovirus 3D?°! copies only viral RNA, not cellular mRNA, in infected cells. The purified 
enzyme, however, will copy any polyadenylated RNA if provided with an oligo(U) primer. 
This observation has led to the suggestion that template specificity probably resides in the 
interaction of replication proteins with sequence elements in the viral RNA. The cis-acting 
RNA elements located within the coding region of picornaviruses, which direct the 
uridylylation of VPg, are binding sites for 3CDP"° (Fig. 2.17). The 3’-noncoding region of the 
viral positive-strand RNA contains an RNA pseudoknot conserved among picornaviruses that 
is believed to play a role in the specificity of copying by 3D?°3?8 Disruption of the 
pseudoknot by mutagenesis produces viruses that have impaired RNA synthesis, indicating 
the importance of the structure in the synthesis of negative-strand RNA. 3DP% or 3CDP 
cannot bind to the 3’ end of poliovirus RNA unless 3AB is present. The interaction of 3AB— 
3DP°! may determine the specificity of binding to the 3’ pseudoknot. 


Despite experimental results that underscore the importance of the pseudoknot in RNA 
synthesis, polioviruses from which the entire 3’-noncoding region of the viral RNA has been 
removed are able to replicate.?”°°° This finding has led to the suggestion that template 
specificity imparted by terminal structures of RNA might be of greater importance early in 
infection. During the initiation phases of replication, the 3’ pseudoknot structure might 
facilitate template selection when few viral polymerase molecules are available and 
membrane association has not yet provided high concentrations of replication components. 
Later, determinants of template selection by the polymerase might include the membrane 
association of the RNA polymerase. Template specificity may also be conferred by the 
position of the 3D?°! gene at the very 3’ end of the viral RNA; translation places the 
polymerase at the 3’ end of the genome, ready for initiation. 

A cloverleaf-like structure that forms in the 5'-noncoding region also plays an important 
role in template specificity (Fig. 2.17). The finding that a mutation in a cloverleaf structure in 
the 5'-noncoding region that affects RNA synthesis could be complemented by a suppressor 
mutation in 3CP"° led to the suggestion that 3C?"° might bind the cloverleaf and play a role in 
viral RNA replication.'? It was subsequently found that 3CD?"° binds the cloverleaf structure 
in the positive strand, together with a cellular protein, now known to be poly r(C)—binding 
protein, that is required for complex formation.!”!8°*9 The RNA-binding domain of 3CD?" 


is contained within the 3C?"° portion of the protein, on the opposite face of the molecule from 
the site involved in proteolysis. Mutations within this domain abolish complex formation and 
RNA replication without affecting viral protein processing. 3CD?"°, therefore, plays an 
important role in viral RNA synthesis by participating in formation of a ribonucleoprotein 
complex at the 5’ end of the positive-strand RNA. A structural model of rhinovirus 3C*° 
bound to stem—loop I shows that RNA binding induces changes in the proteinase active site, 
although their effect on catalytic activity is not known.!° A role for these interactions in viral 
RNA replication is suggested in the model in Figure 2.17. 

While the tertiary structures of the cre, IRES, and 3'-UTR of the picornavirus RNA are 
the best characterized and functionally understood, structural features can be found 
throughout the open reading frame. Several of these elements have been predicted 


bioinformatically.’°° Two of these elements are within the 3’ end of the coding sequence for 
3DP°!, Both elements are needed for efficient RNA replication as determined by recoding and 
reporter experiments. !0*49 Mutations of the RNA sequence within these elements are able to 
suppress alterations of 3CP'° suggesting that a functional interaction between the RNA and 
3CP"° is necessary for efficient RNA replication.!°7 


ORIGINS OF DIVERSITY 


Misincorporation of Nucleotides 


As with all other RNA-dependent RNA polymerases, those encoded in picornavirus genomes 
have very high error rates, because of misincorporation during chain elongation and the lack 
of proofreading ability in these enzymes. With error frequencies as high as one 
misincorporation per 10? to 10* nucleotides, RNA virus populations exist as quasispecies or 
mixtures of many different genome sequences. !©° 


It has been suggested that RNA viruses exist on the threshold of error catastrophe, to 
maximize diversity and adaptability.'°° A moderate increase in error frequency would be 
expected to destroy the virus population. In one study, it was estimated that each poliovirus 
genome synthesized after multiple rounds of replication in an infected cell contains two point 
mutations.'44 In the presence of the antiviral drug ribavirin, each poliovirus genome 
contained 15 point mutations, and viral yields were 0.00001% of untreated cells. Similar 
observations have been made with FMDV?°® and Coxsackievirus B3.**4 These findings 
demonstrate that RNA viruses do exist at the error threshold and that ribavirin is an RNA 
virus mutagen that inhibits virus replication by increasing the RNA polymerase error rate 
beyond the threshold. 


High RNA virus error rates are believed to be necessary to enable persistence of the virus 
population under selective pressure. Consequently, viruses with less error-prone RNA 
polymerases should be at a competitive disadvantage in complex environments such as an 


infected animal. To test this hypothesis, a poliovirus mutant resistant to the antiviral effects of 
ribavirin was isolated.°°*7* Resistance to ribavirin was conferred by a single amino acid 
change, G64S, in 3D? that reduces errors during replication. The high-fidelity mutant virus 
replicated and spread poorly in mice and was unable to compete with a low-fidelity virus. 
The results indicate that mutations, and the formation of a diverse quasispecies, benefit viral 
populations, particularly in an infected animal. Analysis of a ribavirin-resistant mutant of 
FMDV reveals no restriction of the viral quasispecies.*° This apparent paradox is explained 
by the observation that the RNA polymerase mutation increased the frequency of 
misincorporation of natural nucleotides while decreasing the frequency of the incorporation 
of ribavirin. 


Recombination 


Recombination, the exchange of nucleotide sequences among different RNA molecules, was 
first discovered in cells infected with poliovirus and was subsequently found to occur during 
infection with other positive-strand RNA viruses. It can occur by two different mechanisms: 
nonreplicative, the nonhomologous end joining of two different RNA molecules, or 
replicative, switching of templates. Nonreplicative recombination is highly inefficient and 
thought to minimally influence virus evolution. 


Replicative recombination mainly occurs between nucleotide sequences of the two 
parental genome RNA strands that have a high percentage of nucleotide identity. This 
mechanism of RNA recombination is coupled with the process of genome RNA replication: it 
occurs by template switching during negative-strand synthesis, as first demonstrated in 
poliovirus-infected cells*°? and subsequently in cell-free extracts.'7*°’’ The RNA 
polymerase first copies the 3’ end of one parental positive strand, then switches templates, 
and continues synthesis at the corresponding position on a second parental positive strand. 
Template switching in poliovirus-infected cells occurs predominantly during negative-strand 
synthesis because the concentration of positive-strand acceptors for template switching is 30 
to 70 times higher than that of negative-strand acceptors. A prediction of the replicative 
mechanism is that recombination frequencies should be lower between different poliovirus 
serotypes, a prediction that has been verified experimentally. For example, recombination 
between poliovirus types 1 and 2 occurs about 100 times less frequently than among type 1 
polioviruses (the poliovirus serotypes differ by about 15% in their nucleotide sequences).°°° 
This mechanism of genetic recombination is polymerase dependent and biphasic and drives 
virus evolution. It reflects the low fidelity of an RNA-dependent RNA polymerase as well as 
the absence of proofreading and repair enzymes. 


Replicative recombination can be assessed experimentally in cell culture by infecting 


with viruses whose genomes contain with two different known lethal mutations?°+%°%.42° 
(Fig. 2.19). All progeny viruses will lack both mutations. The resolved x-ray crystal structure 
of elongating poliovirus 3D°° identified amino acids within the thumb domain that directly 
interact with the RNA duplex. Alteration of these residues to alanine identified Leu 420 as 
critical for replicative recombination. The alanine substitution dramatically diminished 


genomic recombination by reducing the stability of 3D?" elongation complexes without 
substantially affecting fidelity.°>° 
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FIGURE 2.19 Schematic diagram of RNA recombination in picomavirus- 


infected cells by template switching or copy choice. Two parental genomes, the 
acceptor and donor, are shown. The RNA polymerase (blue) is shown copying 
the 3’ end of donor RNA and switching to the acceptor genome (middle). As a 
result of this template switch, the recombinant RNA shown is formed (bottom). 


The frequency of replicative recombination, which is calculated by dividing the yield of 
recombinant virus by the sum of the yields of parental viruses, can be relatively high. In one 
study of poliovirus and FMDV, the genomic recombination frequency was 0.9%, leading to 
the estimation that 10% to 20% of the viral genomes recombine in one growth cycle. When 
poliovirus recombination is studied by quantitative polymerase chain reaction, obviating the 
necessity to select for viable viruses, the recombination frequency for marker loci 600 
nucleotides apart is 2 x 107°, similar to estimates obtained using selectable markers.*°! RNA 
recombination also occurs in natural infections. For example, intertypic recombinants among 
the three serotypes of Sabin poliovirus vaccine strains are readily isolated from the intestines 
of vaccinees; some recombinants contain sequences from all three serotypes.!°* The 
significance of these recombinants is unknown, but it has been suggested that such viruses 
are selected for their improved ability to replicate in the human alimentary tract compared 
with the parental viruses. However, results from studies in which PVR transgenic mice were 
infected with a variant of poliovirus sensitive to the innate immune response demonstrated 
the efficiency by which replicative recombination influences virus evolution and ultimately 
pathogenesis.’°? Recombination in nature has also been demonstrated among nonpolio 
enteroviruses®”? (reviewed in Ref.*7’). 


Codon Usage 


Redundancy of the genetic code allows for most amino acids to be specified by multiple 
codons. Not all codons are used at the same frequency, and the regularity at which they are 
used is cell and virus specific. The under- or overrepresentation of a codon suggests that 
there is a bias for how an amino acid is encoded. Most vertebrate and plant RNA viruses have 
low CpG and UpA dinucleotide frequencies, as do the mRNAs of their host cells. For RNA 
viruses such as picornaviruses, this bias may influence not only translation rates but stability 
of critical structures that modulate RNA metabolism, replication, genome packaging, and 
particle stability. 


When the frequency of CpG and UpA dinucleotides in the viral genome is increased by 
mutagenesis, viral replication is impaired. An example is echovirus 7: engineering of viruses 
with increased frequencies of CpG and UpA in an approximately 1-kb region of the genome 
reduced viral replication efficiency.2° A similar effect is observed for human 
immunodeficiency virus type 1; the replication deficiency is reversed by knockout of the cell 
gene encoding the zinc-finger antiviral protein, ZAP.°’* The implication is that ZAP 
identifies non—self RNA by its higher CpG composition, possibly targeting it for degradation. 
Whether ZAP is involved in restricting replication of echovirus 7 or other picornaviruses that 


have been modified to have higher CpG/UpA dinucleotides remains to be determined. 


Alteration of codon pair frequencies of capsid-coding regions has been used to produce 
polioviruses with attenuated pathogenicity. Such attenuated viruses might be safe vaccine 
candidates as the hundreds of changes introduced into the viral genome are not likely to 
revert.!*? It has been suggested that alterations of codon pair frequency have the unintended 
consequence of increasing CpG and UpA frequencies, which would also attenuate viral 
replication.’ 


The generation of polioviruses with altered codon pair frequencies has made it possible 
to study how codon usage affects mutational robustness and evolutionary capacity.29? A 
comparison of wild-type poliovirus with a variant harboring hundreds of synonymous 
mutations in the capsid-coding region revealed that changing the position of a virus in 
sequence space affects its mutant spectrum, evolutionary trajectory, and virulence. Similar 
experiments with other viruses have led to the principle that the sequence space occupied by 
a virus population is important for its ability to adapt to new environments. 


ASSEMBLY OF VIRUS PARTICLES 


Morphogenesis of picornaviruses has been studied extensively because the 60-subunit capsid 
is relatively simple, and the assembly intermediates can be readily detected in infected cells 
(Fig. 2.20). During the synthesis of the P1 protein, the capsid protein precursor, the central p- 
barrel domains form, and intramolecular interactions among the surfaces of these domains 
lead to formation of the structural units. Once P1 is released from the P2 protein, the VPO- 
VP3 and VP3—VP1 bonds are cleaved by proteinase 3CDP"°. These cleavage sites are located 
in flexible regions between the f-barrels; considerable movement of the amino termini and 
carboxyl termini occurs after cleavage, but the contacts between [f-barrels are not 
disturbed.°°? In the mature capsid, the carboxyl termini of VP1, VP2, and VP3 are on the 
outer surface of the capsid, whereas the amino termini are on the interior, where they 
participate in an extensive network of interactions among protomers. This process produces 
the first assembly intermediate in the poliovirus pathway, the 5S protomer, the immature 
structural unit consisting of one copy each of VPO, VP3, and VP1. 


FIGURE 2.20 Morphogenesis of picornaviruses. The capsid protein precursor, 
P1, folds nascently, is cleaved from P2, and then is further cleaved to VPO + VP3 


+ VP1 by 3CDP'°. Protomers (5S) self-assemble into 14S pentamers, and 
pentamers assemble into 80S empty capsids. Glutathione is necessary for 
assembly of 14S pentamers into 150S provirions. In one model of encapsidation, 
RNA is threaded into the empty capsid, producing a 150S provirion in which 
VPO is uncleaved. Another possibility is that pentamers assemble around the 
RNA genome and that empty capsids are storage depots for pentamers. Cleavage 
of VPO is the final morphogenetic step that produces the infectious 160S virion. 
The proteinase responsible for the cleavage of VPO is unknown. 


Five protomers then assemble to form a pentamer, which sediments at 14S. Based upon in 
vitro experiments, it was thought that the protomers self-assembled into pentamers and no 
cell proteins function during this process; however, the addition of .-buthionine sulfoximine, 
a compound that selectively inhibits glutathione synthesis, significantly decreases the 
production of infectious rhinovirus, poliovirus, coxsackievirus, and other enterovirus C 
viruses.*°1-642:682 The observed replication impairment can be overcome with the addition of 
glutathione. The decrease in the formation of mature virus particles was found to be 
independent of protein synthesis and RNA replication, suggesting that glutathione may 
function during particle assembly. Glutathione, a small non-protein thiol reducing agent 
found within the cell, helps maintain the redox state of the cell by either functioning as a 
cofactor for reactions catalyzed by glutathione peroxidases and glutathione S-transferases or 
directly interacting with cysteine residues.4°”°°? Maintenance of the proper oxidative state of 
the protomers is necessary for their structure, conformation, and ability to self-assemble into 
pentamers. Viruses that are resistant to the depletion of glutathione or the presence of 1- 
buthionine sulfoximine were found to have amino acid substitutions in both VP1 and VP3, 
along surfaces at the protomer interface. These variants are also resistant to heat inactivation, 
suggesting that glutathione may function to stabilize protomer—protomer and/or pentamer— 
pentamer interactions necessary for assembly of the 14S pentamer and production of 
infectious virus.*7)°° 


Cleavage of P1 is required for assembly of the pentamer.°*! This conclusion is supported 
by examination of the virion structure. The f-cylinder at the fivefold axis of symmetry is 
formed from the N-termini of neighboring VP3 molecules; the cylinder is surrounded by a 
bundle composed of the amino termini of VPO and VP1. The cell chaperone proteins Hsp 70, 
Hsp 90, and p23 are required for both precursor processing and protomer and pentamer 
assembly of many picornaviruses including cardioviruses, enteroviruses, and FMDV; 
however, no chaperone protein is thought to be required for cleavage of the P1 region of the 
hepatitis A virus polyprotein. Hsp 90 and p23 interact with unprocessed P1, protecting the 
polypeptide from misfolding and proteasomal degradation. Pharmacologic inhibition of Hsp 


90 reduces the assembly of infectious particles by preventing the first cleavage event 
necessary for protomer formation between P1-2A and assembly of pentamer subunits. Virus 
variants resistant to inhibitors of Hsp 90 have never been identified, suggesting that 
complexity of capsid folding precludes the emergence of alternate folding 
pathways.7!7:218,378,408,433,491,499,600,699,717,735 A second interpretation of the data is that Hsp 
90 can act as a chaperone at both the protein and RNA levels, to overcome the evolutionary 


constraints imposed by protein stability, aggregation, and rate of synthesis.*!° 


Pentamers are structurally important intermediates in the assembly of all 
picornaviruses.°°°° They can self-assemble in vitro or in vivo into 80S empty capsids (Fig. 
2.20). The structure of this particle reveals differences in the network formed by the N- 
terminal extensions of the capsid proteins on the inner surface of the shell, compared with the 
native virion.°! In empty capsids, VP4 and the entire N-terminal extensions of VP1 and VP2 
are disordered, and many stabilizing interactions that are present in the mature virion are not 
present. The final morphogenetic step involves cleavage of most of the VPO molecules to 
VP4 + VP2. The proteinase that carries out this final maturation cleavage has not been 
identified. The VPO scissile bond is located on the interior of empty capsids and mature 
virions and is inaccessible to viral or cellular proteinases. The presence of a conserved serine 
in VP2 near one of the cleaved termini led to a model that cleavage occurs by a novel 
autocatalytic serine protease-like mechanism in which basic viral RNA groups serve as 
proton abstracters during the cleavage reaction.*® Replacement of serine 10, however, does 
not impair VPO cleavage.*°° In another hypothesis, a conserved histidine in VP2 is involved 
in catalysis, together with the viral RNA.°!!°° Substitution of this histidine with different 
amino acids lead to lack of infectivity or highly unstable particles, supporting the 
involvement of VP2 histidine 195 in mediating VPO cleavage during assembly.*°° Cleavage 
of VPO establishes the ordered N-terminal network, an interlocking seven-stranded f-sheet 
formed by residues from adjacent pentamers. This network results in an increase in particle 
stability and the acquisition of infectivity. 


During its synthesis, the P1 capsid protein precursor is linked to myristic acid at the 
amino-terminal glycine residue of VP4 that is exposed after removal of the initiation Met 
residue.'*° The myristate groups, which form part of a network of interactions between 
subunits that form when protomers assemble into pentamers, cluster around the fivefold axis 
of symmetry and stabilize the B-cylinder that is made by the amino termini of five copies of 
VP3. The results of mutagenesis indicate that the myristate group plays a role in stabilizing 
pentamers and, therefore, virions.2°4°°440.48! 


How the RNA genome is encapsidated remains an unsolved problem. Packaging motor 
proteins encapsidated the genomes of many bacteriophages into preassembled procapsids. 
While no picornavirus protein is known to have packaging motor activity, one model of 
assembly could include the introduction of newly synthesized viral RNA into these partially 
assembled particles to form the provirion,’*’ in which the capsid protein VPO remains 
uncleaved. This assembly model would seemingly require an opening in the empty capsid 
through which the RNA can enter. Examination of the high-resolution x-ray crystallographic 


structure of these particles does not provide evidence for such an opening.°! This finding 
does not exclude this morphogenetic pathway because the pore might be dynamic and not 
observed in the crystals. In an alternative morphogenesis pathway, 14S pentamers assemble 
with virion RNA to form provirions. In this model, for which there is some experimental 
support,°!! the empty capsids found in infected cells serve as storage depots for 14S 
pentamers. 


The RNA genomes of plant viruses are encapsidated via protein-protein and RNA-— 
protein interactions.''!°° This mechanism does not appear to be the means by which 
picomaviruses acquire their genomes.*** The picornavirus encapsidation process is highly 
specific with only VPg-conjugated positive-strand RNA, and not viral mRNA, negative- 
strand viral RNA, or any cellular RNA incorporated into the virion.°°7°°9 Yet, VPg is 
probably not an encapsidation signal because VPg-containing negative-strand RNA is not 
packaged despite the observation that genomic RNA lacking VPg_ is_ never 
encapsidated.°°”>!° No packaging signal, structure, or sequence has been identified within 
the picornavirus genome. The coupling of encapsidation to viral RNA synthesis may explain 
the selective packaging of viral positive-strand RNA. In infected cells, newly synthesized 
RNA is packaged into virions within 5 minutes, whereas incorporation of capsid proteins in 
virions requires at least 20 minutes.*? The pool of viral RNA available for packaging, 
therefore, is small, and the pool of capsid proteins is large. If capsid formation is inhibited 
with p-fluorophenylalanine, the accumulated RNA cannot be packaged after removal of the 
inhibitor.*”? These results suggest that packaging of the viral genome is linked to RNA 
synthesis and would explain why only RNA containing VPg are encapsidated. This 
conclusion is questioned by findings showing that inhibition of virion assembly by 
hydantoin, which targets the 2C protein, does not affect genome replication. Furthermore, 
when hydantoin is removed from infected cells after RNA synthesis is complete, and in the 
presence of an inhibitor of replication, normal levels of virions are produced.°!° Yet, a 
temperature-sensitive alteration in 2C protein allows for uncoating to occur at low 
temperature.*°” These results suggest that RNA encapsidation is dependent upon interactions 
between 2C protein and VP1 and VP3.*!%.734728 For Aichi virus, the L protein, instead of 2C 
protein, participates in RNA encapsidation. Removal of the C-terminal 50 amino acids of L 
protein of Aichi virus prevents the transition of empty capsids to mature virions.°!® 


Cryo-EM reconstruction of the Ljungan virus particle revealed that the RNA genome 
maintains an ordered structure of within the virion: 15 nucleotides associating with the N- 
terminus of VP3 near the fivefold axes. This observation suggests that the Ljungan genome 
may be encapsidated via a mechanism similar to that observed for insect picorna-like viruses 
in which a capsid protein functions as an RNA chaperone. Compaction of the genome occurs 
via electrostatic interactions between short regions of the RNA, in a sequence-independent 
manner, and 20 highly basic residues found at N-termini of VP3 that line the interior surface. 
A condensed structure of nucleic acid with icosahedral symmetry results. This model is 
supported by the observation that empty capsids are not found during parechovirus infection. 
A similar model has been proposed for the encapsidation of the hepatitis A virus genome but 


is contrary to the model based upon interaction between structural and nonstructural proteins 
in the RNA replication complex as proposed for poliovirus and the identification of a 
packaging signal in the Aichi virus genome.*!**° Experimental data in which poliovirus was 
recoded to enhance the number of underrepresented synonymous codon pairs suggest that 
acquisition of the genome and assembly may occur via a two-step assembly mechanism that 
combines the ideas above: (a) interaction between capsid protein and the replication 
structure, including proteins and newly synthesized genomes and (b) a coordinate condensing 
of the genome resulting in an array of hairpin structures to promote RNA-protein 
interactions to complete the assembly and promote stability of the particle.°*® 


EFFECTS OF VIRAL REPRODUCTION ON THE 
HOST CELL 


Inhibition of 5’ End—Dependent mRNA Translation 


In cultured mammalian cells, poliovirus infection results in inhibition of cellular protein 
synthesis. By 2 hours after infection, polyribosomes are disrupted, and translation of nearly 
all cellular mRNA stops and is replaced by viral MRNA translation (Fig. 2.21). Poliovirus 
mRNA, but not capped mRNA, can be translated in extracts from infected cells. In such 
extracts, the e[F4GI/eIF4GII component of the translation initiation complex eIF4F has been 
cleaved. !®°.09.652 Cleavage of elF4G separates the N-terminal elF4E—binding domain of 
eIF4G (p100) from the C-terminal fragment (Fig. 2.22). The assumption that the C-terminal 
fragment of eIF4G cannot support the translation of capped mRNA has been proven 
incorrect.!! It is now thought that picornavirus-induced translational inhibition is not solely 
due to the inability of p100 to support capped mRNA translation but to the viral RNA 
outcompeting host cell mRNA for the limiting concentration of p100. Optimal function of the 
IRES does require the C-terminal fragment of el[F4G, which, as discussed previously, is 
necessary to anchor 40S ribosomal subunits to the TIRES. Although both eIF4GI and elIF4GII 
are cleaved in poliovirus- and rhinovirus-infected cells, the kinetics of shutoff of host 
translation correlates with cleavage of e[F4GII and not elF4GI.2*°-°74 
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FIGURE 2.21 Inhibition of cellular translation in cells infected with poliovirus. 
A: Protein synthesis in poliovirus-infected and uninfected cells at different times 
after infection. Poliovirus infection results in inhibition of host cell translation 
beginning about 1 hour after infection. The increase in translation beginning 3 
hours after infection is caused by the synthesis of viral proteins. B: 
Polyacrylamide gel showing inhibition of cellular translation. At different times 
after infection (top of each lane), cells were incubated with 35S-methionine for 
15 minutes; the cell extracts were then fractionated on an SDS-polyacrylamide 
gel. By 5 hours after infection, host translation is markedly inhibited and 
replaced by the synthesis of viral proteins, identified at the right. 
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FIGURE 2.22 Two mechanisms for regulating elF4F activity in picornavirus- 
infected cells. The proteins 4E-BP1 and 4E-BP1 bind elIF4E and prevent it from 
interacting with eIF4G. 4E-BP1 binds eIF4E when it is dephosphorylated, an 


event that occurs in cells infected with poliovirus and EMCV. Cleavage of eIF4G 
takes place in cells infected with poliovirus, rhinovirus, and foot-and-mouth 
disease virus, among others. Cleavage reduces the efficiency of translation of 
capped messenger RNA (mRNA). 5’ End—dependent initiation is inhibited 
because capped mRNA cannot compete with viral mRNA for the translation 
machinery. 


Both forms of eIF4G are cleaved by protease 2A? of poliovirus and rhinovirus.**°°”! In 


vitro cleavage of eIF4G by purified 2A? of rhinovirus is inefficient unless e[F4G is bound 
to eIF4E.7°° This finding indicates that eIF4G is cleaved not as an individual polypeptide but 
rather as part of the e[F4F complex. Binding of eIF4E to e[F4G may induce conformational 
changes in eIF4G that make it a more efficient substrate for the protease. Poliovirus 2AP"° 
efficiently cleaves eI[F4GI, but not eIF4GII, consistent with the differential cleavage of these 
proteins during virus infection.**? The LP? protein cleaves eIF4GI in cells infected with 
FMDV. The cleavage sites in e[F4GI for the two proteinases are different: L?'° cleaves 
between Gly-479 and Arg-480, whereas 2A?" cleaves between Arg-486 and Gly-487.°°7°9! 


Modulation of eIF4F Activity 


Three related low molecular weight cell proteins, 4E-BP1, 4E-BP2, and 4E-BP3, bind to 
eIF4E and inhibit translation by 5’-end—dependent scanning, but not by internal ribosome 
entry (Fig. 2.22).°°° 4E-BP1 is identical to a protein called PHAS-I (phosphorylated heat- 
and acid-stable protein regulated by insulin), which was previously known to be an important 
phosphorylation substrate in cells treated with insulin and growth factors.*!* Phosphorylation 
of 4E-BP1 in vitro blocks its association with eIF4E. Binding of either 4E-BP1 or 4E-BP2 to 
elF4E does not prevent it from interacting with the 5’ cap but does inhibit binding to eIF4G. 
Consequently, active eIF4F is not formed. eIF4G and the 4E-BP have a common sequence 
motif that binds e[F4E. Treatment of cells with hormones and growth factors leads to the 
phosphorylation of 4E-BP1 and its release from eIF4E. Those mRNAs with extensive 
secondary structure in the 5’-noncoding region, which are translated poorly, are preferentially 
sensitive to the phosphorylation state of 4E-BP1. As expected, translation by internal 
ribosome binding is not affected when 4E-BP1 is dephosphorylated. Binding of extracellular 
ligands leads to phosphorylation of 4E-BP through a signaling pathway that includes the 
mammalian target of rapamycin.’ 


Infection with several picornaviruses causes alteration of the phosphorylation state of 4E- 
BP1 and 4E-BP2 (Fig. 2.22). Infection of cells with EMCV causes inhibition of cellular 
translation, but in contrast to the shutoff that occurs in poliovirus-infected cells, shutoff of 
cellular protein synthesis occurs late in infection and is not mediated by cleavage of eIF4G. 
Infection with EMCV induces dephosphorylation of 4E-BP1, which then binds eIF4E to 


prevent it from forming eIF4F.'’° Translation of cellular mRNA is inhibited, but that of the 


viral RNA is not because it contains an IRES. Dephosphorylation of 4E-BP1 also occurs late 
in cells infected with poliovirus, but this event does not coincide with inhibition of cellular 
translation, which occurs earlier in infection.2*° Inhibition of translation by 
dephosphorylation of 4E-BP1 also influences the ability of the cell to productively combat 
viral infection by reducing production of type I IFN.1°° 

Efficient translation initiation is hypothesized to be dependent upon formation of a closed 
loop of mRNA. Circularization of the RNA is mediated by the interaction of e[F4G bound at 
5’ end of the RNA and poly(A)-binding protein bound to the poly(A) tail at the 3’ end. The 
initial synthesis of picornavirus-specific proteins is stimulated by the interaction of eIF4G 
with poly(A)-binding protein.*©-°’* Like eIF4G, poly(A)-binding protein is cleaved during 
enterovirus infection by viral proteinases 2AP’° and 3CP"°; however, the kinetics of poly(A)— 
binding protein cleavage are slower than those of elF4G.*°” Cleavage of poly(A)—binding 
protein is necessary but not sufficient for efficient inhibition of cellular translation; instead, 
cleavage of this protein is believed to participate in the switch from RNA translation to 
replication (see Translation and replication of the same RNA molecule).®’ The effect of 
poly(A)-binding protein cleavage during this switch is controversial, as depletion of 
poly(A)-binding protein from cell lysates did not reduce virus production.°”? The cellular 
polyadenylation factor CstF-64 is cleaved by enterovirus 71 3C?"° proteinase, impairing the 
addition of poly(A) to host cell mRNAs.”“° 

Formation of the e[F4F complex can also be regulated by miRNAs. During enterovirus 
infection, transcription of miR-141 is enhanced. Because multiple binding sites for this 
miRNA are found within the 3’-noncoding region of e[F4E mRNA, levels of elF4E and 
consequently the elF4F complex are reduced, and cellular protein synthesis is impaired.*?° 
Viral translation is unaffected as it does not require elF4E. 

The production of double-stranded RNA during infection with many viruses leads to 
activation of PKR, phosphorylation of el[F2qa, and inhibition of translation. It occurs very late 
in the replication cycle of poliovirus.°!? Like most cellular mRNAs, the polyprotein begins 
with a methionine encoded by an AUG codon, and early in infection, initiation of protein 
synthesis requires the ternary complex of eIF2-GTP-met-tRNA;. Late in infection, 
phosphorylation of serine 52 of the alpha subunit of elF2 prevents the recycling of the 
ternary complex after initiation. However, poliovirus-specific protein synthesis continues 
throughout infection. It is thought that initiation of translation late during infection occurs 
independently of elF2.’4”7°? The exact mechanism for this mode of initiation is not well 
understood but is thought to be dependent upon the generation of a fragment of eIF5 that 
functions in a similar manner as elF2 in recruiting the initiating tRNA to the small 40S 
ribosomal subunit while bound to the mRNA.’*? The proteolytic activity of 2A? is believed 
to be required to enable poliovirus mRNA translation in the absence of e[F2.°°4 


Stress-Associated RNA Granules 


Sequestering of mRNA away from the translation apparatus in processing (P) bodies and 
stress granules is another mechanism by which cellular mRNA translation can be impaired.!° 
P bodies and stress granules are two nonmembranous cytoplasmic aggregates composed of 
RNA and protein, including many proteins involved in mRNA translation. These granules are 
believed to form when translation is inhibited in the presence of intracellular and 
extracellular stresses, including viral infection. When stress conditions are alleviated, the 
mRNAs found in these aggregates can either be deadenylated and degraded or returned to the 
pool of actively translated RNAs. 


Stress granules are thought to be nucleated upon two cellular proteins, T-cell—restricted 
intracellular antigen-1 (TIA-1) and the RasGAP SH3 domain—binding protein 1 (G3BP). 
Reduction of either protein impairs formation of stress granules, and overproduction of either 
component stimulates formation of these aggregates.***° Stalled translation complexes 
consisting of mRNA, elIF4E, eIF4G, eIF4A, elIF3, poly(A)-binding protein, and 
phosphorylated eIF2qa are found within these granules. The presence of phosphorylated eIF2a 
is a hallmark of stress granules. Formation of stress granules is enhanced during early 
picornavirus infection and correlates with the inhibition of cellular translation but is 
independent of el[F2a phosphorylation. Late in infection, the viral proteinase 3C?"° cleaves 
RasGAP SH3 domain-—binding protein 1la, disassembling stress granules, an event required 
for efficient viral replication. The presence of an altered form of cleaved RasGAP SH3 
domain—binding protein 123° prevents the disassembly of stress granules and impairs viral 
replication.’°! Instead, a noncanonical form of stress granules remains, an aggregate 
containing only TIA-1.°°*7°* The opposite is observed during infection with members of the 
Discistroviridae: cricket paralysis virus infection prohibits stress granule formation as 
defined by foci of the Drosophila homologs of TIA-1 and RasGAP SH3 domain—binding 
protein 1, Rox8 and Rin. Addition of potent inducers of stress granules such as arsenite and 
pateamine A to the culture medium is unable to overcome viral inhibition.*°! 


Processing (P-) bodies are a second type of non—membrane-bound aggregate found in the 
cytoplasm. These aggregates, which are the sites of RNA deadenylation and mRNA 
repression, are composed of proteins such as the decapping enzymes Dcpla and Dcp2 and 
proteins that mediate MRNA deadenylation including Pan3, the CCR4/Not 1 complex, Xrn-1, 
a 5'-3' RNA exonuclease, and the DEAD-box helicase p54/Rck. In uninfected cells, P-bodies 
are the consequence of micro-RNA (miRNA)-mediated repression.'®° Ultrastructural 
analysis of these granules suggests that there is an anchoring core composed of proteins 
required for repression with proteins mediating decay on the periphery. The protein that 
bridges between the two regions of the aggregate is p54/Rck.'°® P-bodies are found in 
proximity to both the ribosome and mitochondria. Although cellular mRNA translation is 
inhibited during picornavirus infection, the RNA is not degraded, possibly due to inhibition 
of P-body formation. The 3C?" proteinase of poliovirus cleaves several P-body components 
including Xr1, Dcp1a, and Pan 3, disrupting P-body formation.!” 


Inhibition of Cellular RNA Synthesis 


Infection of cells with picornaviruses leads to a rapid inhibition of host cell RNA synthesis 
catalyzed by all three classes of DNA-dependent RNA polymerase. RNA polymerases I, II, 
and III from poliovirus-infected cells are enzymatically active, suggesting that accessory 
proteins may be the target of transcriptional inhibition. Studies of in vitro systems have 
demonstrated the inhibition of specific transcription factors required by each of the three 
RNA polymerases. The RNA polymerase factor TFIID, which is a multiprotein complex, is 
inactivated in poliovirus-infected cells.*”* This inactivation appears to be caused, at least in 
part, by cleavage of a subunit of TFIID, the TATA-binding protein, by protease 3CP"°.7°4 A 
pol III DNA-binding transcription factor, TFIIC, is also cleaved and inactivated by 3CP'°.!¢7 
The target of 3CP"° is a subunit of TFIIIC, which contacts the pol II promoter. The pol I 
transcription factors SL-1 (selectivity factor) and UBF (upstream binding factor) are 
inactivated in poliovirus-infected cells by 3C?"°, resulting in inhibition of pol I 
transcription.4+°!° 


Because poliovirus replication occurs in the cytoplasm, cleavage of RNA polymerase 
transcription factors requires that the viral proteinase 3CP"° enters the nucleus. 3CP"° lacks a 
nuclear localization signal (NLS), but the precursor 3CD?"° enters the nucleus by virtue of an 
NLS in protein 3D?°. Transcription factors in the nucleus are then cleaved by either 3CD?"° 
or 3CP"° that is released by autocatalysis.°°? Rhinovirus 16 3CDP?" has also been shown to 
enter the nucleus. !° 


Inhibition of Nucleocytoplasmic Trafficking 


Infection of cells with picornaviruses leads to the disruption of nucleocytoplasmic 
trafficking. One mechanism by which this is achieved is the proteolysis of nucleoporins, 
proteins that constitute the nuclear pore complex. In cells infected with poliovirus, two 
protein components of the nuclear pore complex are cleaved, Nup153 and Nup62.7°*7 The 
proteinase responsible for cleavage of Nup62 in rhinovirus-infected cells is 2A?™.°*® This 
cleavage results in the cytoplasmic accumulation of nuclear proteins, some of which, such as 
La protein®?® and SRp20,!%* are required for viral mRNA translation. The rates and 
processing profiles of Nups by 2A?" proteinases of different rhinoviruses vary widely.’“4 
The rhinovirus 3C?"° and its precursor 3CD?"° are imported into the nucleus, leading to the 
degradation of nuclear pore components.*~” 

Another mechanism of disruption of nucleocytoplasmic trafficking involves the L protein 
of cardioviruses (the 2A protein of these viruses is not a proteinase). The L protein binds 
directly to the Ran-GTPase, a key regulator of nucleocytoplasmic transport.°”° Infection also 
leads to phosphorylation of nucleoporins Nup62, Nup153, and Nup214.°”* Staurosporine, a 
broad-spectrum protein kinase inhibitor, and ERK and p38 MAP kinase inhibitors block Nup 
phosphorylation and restore normal nuclear trafficking.°’! Inhibition of Nup activity is 
therefore achieved by phosphorylation in cardiovirus-infected cells and by proteolysis in 
cells infected with enteroviruses. 


The disruption of nucleocytoplasmic trafficking by picornaviruses not only provides 
cytoplasmic access to nuclear proteins needed for viral replication but blocks the export of 
cell mRNAs with antiviral activity produced as part of the innate immune response. 


Inhibition of Protein Secretion 


Transport of both secretory and plasma membrane proteins is blocked in picornavirus- 
infected cells.!°° The 2B and 2BC proteins block protein secretion from the Golgi apparatus, 
and the 3A protein blocks vesicular traffic from the ERGIC to the Golgi complex.**7©164+5!6 
Inhibition of protein secretion by poliovirus protein 3A is not required for viral growth in cell 
culture.!®? Protein 3A inhibits protein transport by binding to and inhibiting GBF1, a guanine 
exchange protein that is needed for activity of Arf1 and is required for the transport through 
the secretory pathway.°° Cells infected with the poliovirus mutant 3A-2, which has a single 
amino acid change in the protein, have reduced inhibition of protein transport.'°* This amino 
acid change abrogates binding of 3A to GBF1 and therefore does not inhibit activity of the 
protein.’“9-°° Because the 3A protein prevents secretion of cytokines!®? and major 
histocompatibility complex I (MHC-I)-dependent antigen presentation,!°’ it is likely to 
modulate the innate and adaptive immune responses of the host and, therefore, the outcome 
of infection. Consistent with this hypothesis, when the 3A mutation is introduced into the 
genome of Coxsackievirus B3, the variant is less pathogenic in mice, although the 
mechanism of attenuation is not known.”° Inhibition of protein secretion in cells infected by 
FMDV is caused not by protein 3A but by protein 2BC.77! 


Metabolic Reprogramming 


Virus are obligate intracellular parasites and their reproduction cycles require the host 
metabolic machineries, as no known viral genome encodes all components, including the 
ribosome, necessary for their replication. Consequently, the production of infectious virus is 
dependent upon the cell’s biosynthetic pathways supplying macromolecules, which in turn 
leads to dramatic elevations in the bioenergetic demands of cell. To adjust for these demands, 
the metabolic pathways of the cell are altered. As discussed in Cellular site of RNA synthesis, 
picornavirus infection stimulates the uptake of fatty acids and de novo phospholipid 
synthesis. Infection also enhances sugar uptake and the reprogramming of anabolic pathways 
such as glycolysis and oxidative phosphorylation, as well as gluconeogenesis needed to 
enhance amino acid, enhance nucleotide synthesis, and maintain energetic homeostasis of the 
infected cell. Consequently, rhinovirus infection is impaired in the presence of the glycolysis 
inhibitor 2-deoxyglucose.*°° 


Cell Death and Virus Release 


When cells are productively infected with poliovirus, they develop the characteristic 
morphologic changes known as cytopathic effects. These include condensation of chromatin, 
nuclear blebbing, proliferation of membranous vesicles, changes in membrane permeability, 


leakage of intracellular components, and shriveling of the entire cell. The cause of cytopathic 
effects is unknown. One hypothesis is that leakage of lysosomal contents is partly 
responsible.*°° Although cellular RNA, protein, and DNA synthesis are inhibited during the 
first few hours of infection, they cannot account for cytopathic effects. 


When poliovirus reproduction is hindered by certain drugs or other restrictive conditions, 
cell death occurs through induction of apoptosis.°°° Although certain manifestations of 
cytopathic effects and apoptosis are similar (e.g., chromatin condensation and nuclear 
deformation), the pathways leading to their induction differ.* During productive infections of 
cultured cells with poliovirus, apoptosis is blocked by a virus-encoded inhibitor.°°° Viral 
replication and central nervous system injury in mice infected with poliovirus, however, are 
associated with apoptosis.**° Viral inducers of apoptosis include proteins 2C, 2AP", and 
3CP'0,46.231,420 and inhibitors of apoptosis include L?™, 2B, and 3A.106163,219,500,765 The 
ability of different strains of Theiler murine encephalomyelitis virus to induce apoptosis may 
be a determinant of disease. The TO strain of Theiler virus, which causes a persistent 
demyelinating disease in mice, encodes an additional protein, L*.'!® This protein is produced 
by initiation from an AUG that is 13 nucleotides downstream from the initiator AUG of the 
polyprotein, in a different reading frame. In contrast, nondemyelinating isolates of the virus 
(e.g., GDVII) do not encode L*. It was subsequently found that L* has antiapoptotic 
properties in macrophages and is critical for virus persistence*!? and prevents antiviral 
cytotoxic T-cell activation.”°° The ability of L* to inhibit apoptosis may be a key factor in 
determining whether infection of mice results in acute disease or persistence and 
demyelination. 


PERSPECTIVES 


Since the identification in 1908 of poliovirus as the etiologic agent of poliomyelitis, research 
on the virus has waxed and waned. With each lull in activity, questions were raised about 
whether it was productive to continue research on the virus. Each time, new technologies 
emerged that allowed the field to advance and become active once again. Today, research on 
poliovirus continues, as the difficulties have been encountered in the effort to globally 
eradicate this virus. Nevertheless, work on other picornaviruses has become highly 
productive, and research on a wide range of cardioviruses, aphthoviruses, enteroviruses, and 
members of many other genera flourishes. Many questions remain about nearly every stage 
of the replicative cycle, and an unprecedented array of experimental techniques and reagents 
are available to address them. Genome-wide editing screens are being applied to 
picornaviruses and have already identified hundreds of cell genes that not only are required 
for picornavirus infection but regulate replication.!4°!4! It can be anticipated that cellular 
genes will be identified whose products participate in all aspects of the picornaviral 
replication cycle, from receptor binding and entry to macromolecular synthesis, assembly of 
new virus particles, and release. Studies of these processes will contribute to understanding 
questions about how the viral RNA is released from the capsid, whether RNA synthesis 


proceeds in infected cells as has been learned from in vitro systems, how replication 
complexes are produced in infected cells, and how the viral RNA enters the virion and 
becomes folded to fit in a very small space. Because poliovirus is a model system, its study 
provides a unique opportunity to address fundamental questions in virology. The polio 
eradication program has made impressive gains—as of this writing in July 2019, there have 
been fewer cases of poliomyelitis than there were of enterovirus D68—associated paralytic 
disease. When the time comes when research on poliovirus must cease, the picornavirus field 
will be ready to move on to other fascinating subjects. As viral discovery in general has 
greatly accelerated in the past 5 years, the size of the Picornaviridae has grown remarkably. 
With this growth come new opportunities to study fascinating new viral systems, one of 
which might someday become the next model system for this virus family. 
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HISTORY 


The history of enteroviruses (EVs) is very much the history of poliovirus (PV). In fact, many 
of the PV milestones are landmarks in the study of EV and, in fact, all of virology. 


Poliomyelitis is believed to be an ancient disease. It has been suggested that the depiction 
of a young man with an atrophic limb on an Egyptian stele from the second millennium b.c. 
represents a sequela of poliomyelitis.**° The first clinical descriptions of poliomyelitis were 
made in the 1800s, with reports of cases of paralysis with fever. In 1840, von Heine!%° 
published a monograph more specifically describing the affliction. His contributions and 
those published later by Medin from Sweden*”? led to paralytic poliomyelitis being referred 
to as Heine-Medin disease. Another early report, by Charcot and Joffroy,°° described the 
pathologic changes in the anterior horn motor neurons of the spinal cord in poliomyelitis. 


The 1900s began a new era in poliomyelitis investigations, and the beginning of an 
understanding of the infectious nature of this disease. Wickman?!“ and others recognized the 
communicable nature of poliomyelitis, the importance of asymptomatic infected individuals 
in transmission of PV, and the role of enteric infection in disease pathogenesis. The role of 
the gastrointestinal tract in the initiation and spread of PV infection was later confirmed by 
Trask et al.*°° In a classic study, Viennese investigators Landsteiner and Popper~”’ proved the 
infectious nature of poliomyelitis by successfully transmitting the clinical disease and its 
pathology to monkeys following inoculation of CNS tissue homogenates from human cases. 


Despite this progress, a number of unfortunate misconceptions emerged about 
poliomyelitis that initially confused scientists and misdirected efforts for control. These 
misconceptions included a belief that the virus was exclusively neurotropic, that the 
nasopharynx was a major site for virus entry into the CNS, and that the virus spread to the 
nervous system before viremia and by way of the olfactory nerve. As a result of these 
misconceptions and the failure of several poorly conceived immunization attempts, some 


with rather disastrous results,*°! an atmosphere of pessimism existed by the middle of the 


20th century concerning the eventual control of poliomyelitis, even among scientists working 
in the field. In 1945, Burnet®° wrote, “The practical problem of preventing infantile paralysis 
has not been solved. It is even doubtful whether it ever will be solved.” The eventual 
realization that virus entered via the oral—gastrointestinal route and that CNS disease 
followed a viremia did much to boost hopes for effective immunization. 


Building on studies of others, Enders et al.'*® performed a landmark study showing that 
PV could be propagated in nonneural tissue culture. These investigations had implications for 
all of virology because they indicated, first, that PV grew in various tissue culture cells that 
did not correspond to the tissues infected during the human disease and, second, that PV 
destroyed cells with a specific cytopathic effect. Neutralization tests showed that PV has 
three serotypes,?! and serologic tests*? confirmed that most infected individuals do not 
manifest clinical disease. These investigations laid a critical framework for the development 
of a vaccine, and they clarified a host of confusing data, such as the apparent presence of 
second attacks of poliomyelitis. 


A variety of vaccines were subsequently produced, with the most well known being the 
Salk inactivated polio vaccine (IPV) delivered via the intramuscular route (licensed in 1955 
in the United States) and the Sabin live, attenuated vaccine (oral polio vaccine [OPV]) 
delivered via the oral route (licensed in 1961-1962). The importance of these vaccines and 
the individuals who produced them can begin to be realized by noting that more Americans 
knew the name of Jonas Salk than the President of the United States. The real impact of these 
vaccines will ultimately be felt with the complete global eradication of poliomyelitis. The 
eradication will undoubtedly provide a fitting dramatic finale to the compelling story of 
poliomyelitis. 

PV work has had a continuing significant impact on the field of molecular virology. PV 
was the first animal virus completely cloned and sequenced,*’”*""' the first RNA animal virus 
for which an infectious clone was constructed,*!2 and the first human virus that had its three- 


dimensional structure solved by x-ray crystallography.*°! In 1989, Mendelsohn et al.°42 
identified the PV receptor, CD155, a finding that was followed by the generation of mice 
carrying CD155 as a transgene.*°*42! 


Coxsackieviruses (group A) were first isolated during poliomyelitis outbreaks in 1947 
from the feces of paralyzed children in Coxsackie, New York.'°? These isolates were 
obtained by inoculation of suckling mice, the pathogenicity in mice clearly differentiating 
these viruses from PV that did not paralyze mice. In the following year, the first 
coxsackievirus (CV) group B was isolated from cases of aseptic meningitis.*°? The original 
CV group A (CVA) isolates produced myositis with flaccid hind limb paralysis in newborn 
mice, whereas the coxsackievirus group B (CVB) produced a spastic paralysis and 
generalized infection in newborn mice, with myositis as well as involvement of the brain, 
pancreas, heart, and brown fat. 


In 1951, echoviruses were first isolated from the stool of asymptomatic individuals.*~° 


Echoviruses received their name because they were enteric isolates, cytopathogenic in tissue 
culture, isolated from humans, and orphans (i.e., unassociated with a known clinical disease). 
Subsequent studies have shown that echoviruses, in fact, do cause a variety of human 
diseases including aseptic meningitis, hepatitis, and orchitis, among others. After this period 
of rapid growth in the number of enteroviruses, there were several decades where new 
enteroviruses were uncommonly identified. This changed with the introduction of molecular 
detection methods, and the last 15 years have seen a rapid expansion in the number of 
recognized enteroviruses. This period of discovery is still in progress. 


INFECTIOUS AGENTS 


Physical and Chemical Properties 


Enteroviruses are distinguished from other picornaviruses on the basis of physical properties, 
such as buoyant density in cesium chloride and stability in weak acid. Many aspects of 
enteroviral pathology, transmission, and general epidemiology are directly related to the 
biophysical properties and their cytolytic life cycle. The infectious virus is relatively resistant 
to many common laboratory disinfectants, including 70% ethanol, isopropanol, dilute Lysol, 
and quaternary ammonium compounds. The virus is insensitive to lipid solvents, including 
ether and chloroform, and it is stable in many detergents at ambient temperature. 
Formaldehyde, glutaraldehyde, strong acid, sodium hypochlorite, and free residual chlorine 
inactivate enteroviruses. Concentration, pH, extraneous organic materials, and contact time 
affect the degree of inactivation by these compounds. Similar inactivation is achieved when 
virus is present on fomites, although conditions may not be exactly comparable.’ In general, 
most reagents that inactivate EV depend on active chemical modification of the virion, 
whereas most extractive solvents have no effect. 


Enteroviruses are relatively thermostable, but less so than hepatitis A virus. Most 
enteroviruses are readily inactivated at 42°C, although some sulfhydryl-reducing agents and 


magnesium cations can stabilize viruses so that they are relatively stable at 50°C.1°!*! The 
relative sensitivity to modest elevations in temperature makes it possible to use pasteurization 


to inactivate EV in many biologically active preparations.!°’ 


As with other infectious agents, ultraviolet light can be used to inactivate EV, particularly 
on surfaces. In addition, the process of drying on surfaces significantly reduces virus titers. 
The degree of virus loss by drying is related to porosity of the surfaces and the presence of 
organic material. Many studies of EV inactivation have been conducted using PV as a model 
EV. A report describing strain-specific differences for glutaraldehyde inactivation among 
echovirus 25 isolates implies, however, that the assumption that PV is representative of all 
EV may not be valid.’” The inactivation of infectivity may not be directly related to the 
destruction of the viral genome, because the polymerase chain reaction (PCR) can be used to 


amplify viral RNA, even after inactivation of virus has occurred.**! This would suggest that 


reactivation of infectivity may be possible in some circumstances. In fact, some examples of 
recovered infectivity have been reported through increased multiplicity of infection in cell 


culture,*°>»*? but the practical significance of these observations is not clear. 


Antigenic Characteristics and Taxonomy 


As described in Chapter 2, the picornaviruses are among the simplest RNA viruses, having a 
highly structured capsid with little place for elaboration. Yet, despite the limited genetic 
material and structural constraints, evolution within the picornaviruses has resulted in a large 
number of readily distinguishable members. This variability has been categorized 
antigenically as serotype. 


In the case of human enteroviruses, each of the serotypes correlates with the 
immunologic response of the human host, protection from disease, receptor usage, and, to a 
lesser extent, the spectrum of clinical disease. These correlations, however, have only a 
partial relationship with the original classification of enteroviruses into polioviruses, 
coxsackie A or B viruses, and echoviruses, based on biological activity and disease: human 
CNS disease with flaccid paralysis (poliomyelitis); flaccid paralysis in newborn mice, human 
CNS disease, and herpangina (coxsackie A viruses); spastic paralysis in newborn mice and 
human CNS and cardiac disease (coxsackie B viruses); and no disease in mice and 
(originally) no human disease (echoviruses). Within each of these groups, isolates can be 
readily distinguished on the basis of antigenicity as measured with antisera raised in animals. 
The original classification scheme broke down with the identification of viruses antigenically 
identical to known echoviruses that were found to cause disease in mice and humans. This 
and other inconsistencies led to the numbering of new EV serotypes starting with EV68 (now 
termed EV-D68). These antigenic groupings, which define the serotypes, became 
increasingly more complicated as the number of different viruses grew. Despite these 
limitations, the serotype remains the single most important physical and immunologic 
property that distinguishes the different EV. Most of the prototype EV strains are maintained 
in the American Type Culture Collection, Manassas, Virginia, and in many of the WHO 
collaborating reference laboratories. 


Despite the importance of the antigenic properties, the introduction of molecular typing 
methods and a reassessment of the limitations of the old classification scheme led to the 
development of the current classification system that divides the members of the EV genus 
into species on the basis of genome organization and sequence similarity as well as biological 
properties (see Tables 3.1 and 3.4, 3.5, 3.6). 


TABLE 3.1 Picornavirus genera, species“, and (sero)types with members 


known to infect humans 


Genus Enterovirus® 


Enterovirus A 25 5 types have been found only in nonhuman primates 
Enterovirus B 63 4 types have been found only in nonhuman primates 
Enterovirus C 23 
Enterovirus D 5 1 type has been found only in nonhuman primates 
Rhinovirus A 80 
Rhinovirus B 25 
Rhinovirus C 56 

Genus Parechovirus® 
Parechovirus A 19 

Genus Cardiovirus? 
Cardiovirus A 2 Additional viruses not assigned to type 
Cardiovirus B 14 

Genus Cosavirus* 

Cosavirus A 24 
Cosavirus B ? 
Cosavirus D ? 
Cosavirus E z 
Cosavirus F ? 


| Genus Hepatovirus* 
Hepatovirus A 1 Hepatitis A virus; also known to infect nonhuman primates 
Genus Kobuvirus? 
Aichivirus A 1 
Genus Salivirus 
Salivirus A 1 Additional viruses not assigned to type 


40 additional genera infecting mammals, birds, amphibians, reptiles, and fish 


“The classification scheme shown is from the Picornavirus Study Group of the International Committee on Taxonomy of 
Viruses (https://talk.ictvonline.org/ictv-reports/ictv_online_report/positive-sense-ma- 
viruses/picormnavirales/w/picornaviridae; additional details from http://www.picornaviridae.com). 


bEnterovirus: Eight additional species infect mammals other than humans. The types that constitute Enterovirus A through 
Enterovirus D are listed in Tables 3.4, 3.5, 3.6. 


“Parechovirus: Two additional species infect mammals other than humans. PeV-A1 and PeV-A2 were formerly classified 
as echoviruses 22 and 23, respectively. 


dCardiovirus: One additional species infects mammals other than humans. 


Establishment of Cosavirus C is pending due to incomplete virus sequences. Types not established in species other than 
Cosavirus A. 


f Eight additional species infect mammals other than humans. 


ITwo additional species infect mammals other than humans. 


The human enteroviruses are now classified into four species: Enterovirus A (EV-A), EV-B, 
EV-C, and EV-D. In this system, members within an EV species 


“share (i) a significant degree of amino acid identity of the P1, 2C, 3C and 3D proteins; (ii) 


monophyly in phylogenetic trees; and (iii) essentially identical genome maps.”280,948 


Coding for the capsid proteins, the P1 region provides a reliable correlation between 
sequence relatedness and the traditional definition of serotype. This also appears to be true 
for the various individual capsid protein regions, with the exception of VP4; the VP4 
sequence does not always correlate with serotype and, therefore, is not reliable for serotype 
identification. 


The molecular studies have also provided a framework in which the EV antigenic 
relationships can be better understood. These studies suggest that the nucleotide sequence of 
VP1 can function as an excellent surrogate for the reference antigenic typing methods that 
use neutralization tests in order to distinguish EV serotypes. VP1 nucleotide sequence 
identity of at least 75% (85% aa identity) between an isolate and a serotype prototype strain 
suggests that the isolate is serotypically identical to the prototype (assuming that the next 
highest identity with other prototype strains is <70%). For example, a capsid sequence 
identity of 85.4% aa between CVA3 and A8 compared with a mean sequence identity among 
prototype strains of 71.5% confirmed the antigenic relationships that had previously been 
described, and suggested that these two viruses probably derived relatively recently from a 
common ancestor.*°° Similarly, capsid sequences with more than 96% identity confirmed the 
antigenic relationships between CVA11 and A15 and between A13 and A18°8; as a result, 
CVA15 and A18 have been reclassified as A11 and A15, respectively. In this way, the use of 
VP1 sequencing studies has supported and clarified early serologic data and led to proposals 


regarding the classification of isolates into new EV serotypes.°°7>° 


No general correlation is found, however, between sequence similarities with serotype in 
genome segments outside of the capsid region because of frequent recombination in the 
noncapsid regions. For example, sequencing studies have shown that phylogenetic trees 
constructed from sequences from varying genome regions of members of EV-C and 
poliovirus have incongruities between the capsid region and noncapsid regions,°® suggesting 
that viruses with a PV capsid may recombine with these CV nonstructural protein coding 
regions to acquire different nonstructural protein sequences and, similarly, viruses with a CV 
capsid protein sequence may recombine to acquire different nonstructural protein 
sequences.!°.498 These findings imply that recombination occurs between PV and other EV- 
C viruses within the nonstructural protein coding regions and this interchange of different 
nonstructural protein coding regions may lead to strains that become dominant due to 
selective advantages. The frequency of recombination in the noncapsid region supports the 
idea that serotype is defined by the capsid region and that limited correlations likely exist 
between the serotype of isolates and other phenotypic characteristics not associated with the 
capsid proteins. The findings also demonstrated that the phylogenetic clustering of prototype 
strains changes, depending on the nonstructural region that is analyzed. 


Recombination within the nonstructural proteins was also found among EV-A and EV-B 
prototype members with other members of the same species, consistent with their 
classification into two separate species.?”°°° An analysis of multiple isolates within several 


EV-B serotypes**! found relatively frequent interserotypic recombination of the noncoding 
regions, which appeared to occur at least once every 6 years for the isolates that were 


analyzed. Although no evidence was found of interserotypic recombination within the capsid 
(perhaps, because of structural constraints specific for a particular serotype), intraserotypic 
recombination within this region appeared to occur. 


Additional sequencing studies showed that the 5’-untranslated region (UTR) of 
enteroviruses forms two clusters: the viruses of EV-C and EV-D constitute cluster I, whereas 


EV-A and EV-B constitute cluster II.°875? 


Sequencing studies have also demonstrated significant similarities between human 
rhinoviruses and the human enteroviruses, resulting in a reclassification of the human 


rhinoviruses as members of three different species within the genus Enterovirus.7°° 


In addition to the genetic relatedness, many different EV serotypes share some 
antigenicity. For example, PV1 and PV2 share a common antigen, and antigenic relationships 
also exist between coxsackieviruses A3 and A8, A16 and EV71, and A24 and EV70 and 
between echoviruses 6 and 30 and 12 and 29. When virions are disrupted by heating, 
particularly in the presence of detergent, nonsurface antigens are exposed that are shared 


broadly among many EVs.°*? 


Despite this lack of understanding of molecular variation in virus structure as measured 
by polyclonal antibodies, high-resolution studies of the virion surface have been particularly 
useful in identifying the targets of neutralization of EV by monoclonal antibodies.*°*4 
Other less-investigated antigenic sites elicit immune responses that are not neutralizing but, 
nevertheless, contribute to serotype identity. The observed structure of some antigenic sites 
has been shown to span noncontinuous polypeptide chains, providing an explanation for why 
antigenicity of the virus is destroyed by disruption of the virion structure. 


Antisera raised in animals to each of the enteroviruses are largely type specific and are 
used to determine serotype in a neutralization assay. The PV neutralizing antibody response 
is serotype specific, with the exception of some minor cross-reaction between PV1 and PV2. 
A monoclonal antibody has been described that reacts with this shared site that is not found 
on PV3.4%* As noted, heat-disrupted virions, particularly those heated in the presence of 
detergent, induce antibodies that react with many EVs.*“° These broadly reacting antibodies 
are generally not neutralizing, and at least one of these epitopes has been mapped to the 
amino-terminal region of capsid protein VP1.*4! Although measurable in vitro differences are 
found in antigenic properties among strains within a serotype, the significance of these 
differences during natural infection has not been determined. Several PV isolated during 
outbreaks have demonstrated different antigenic properties when compared with the 
reference vaccine strains.'”»78 In all cases, however, immunity derived from vaccination has 
been sufficient to provide protection and control of these strains.°* In addition, even in the 
face of massive immunization campaigns, no antigenic escape mutants resistant to 
neutralization have ever been observed, and successive genotypes of PV have been 
eliminated. Natural antigenic variants have also been identified with panels of monoclonal 
antibodies for several nonpolio EVs.‘84402 


Propagation and Assay in Cell Culture 


One of the prominent characteristics of enteroviruses is the cytolytic nature of growth in cell 
culture. For many years, PV was the prototype of a lytic viral infection. At the microscopic 
level, infection is usually manifest within 1 to 7 days, and sometimes within mere hours, by 
the appearance of a characteristic cytopathic effect, which features visible rounding, 
shrinking, nuclear pyknosis, refractility, and cell degeneration (Fig. 3.1). The earliest effects 
can often be seen in less than 24 hours, often as soon as in 4 hours, if the inoculum contains 
many infectious particles. With fewer virions, however, visible changes are not generally 
recognizable for several days, although a sufficient number of cells are infected. In addition, 
some EVs either do not cause cytopathic effect at all or do so only after several passages. In 
general, once focal cytopathic effect is detected, infection spreads rapidly throughout the cell 
sheet with total destruction of the monolayer. 
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FIGURE 3.1 Enteroviruses commonly induce apoptosis, which is induced in cell 
culture models within 3 to 6 hours postinfection, with complete cell lysis by 
greater than 6 hours postinfection. Top, Schematic of the morphological changes 
induce by enterovirus infections, which can include cell blebbing and eventual 


cell lysis, which facilitates viral egress. Bottom, time-lapse imaging of HeLa 
cells infected with CVB or echovirus 30 demonstrates the timing and magnitude 
of EV-induced cell death over a span of 11.5 hours post-infection. Time stamp at 
bottom right denotes hours post-infection. (Video 3.1, Video 3.2) 


All known EVs can be propagated either in cell culture or in suckling mice, though for many 
of the newer EV, attempts to propagate have been limited and suckling mice are now seldom 
used. Most of the serotypes can be grown in at least one human or primate continuous cell 
culture. No cell line, however, can support the growth of all cultivable EVs. Even after many 
years of experimentation, a few serotypes (e.g., CVA19) can be propagated only in suckling 
mice. The typical host range of human EV in cell cultures or animals is shown in a broad, 
generalized way in Table 3.2 and is not clearly associated specifically with a given virus 
species. Infection of target cells depends on viruses binding to specific receptors on the cell 
surface. Collectively, the EVs use many different receptors. A practical adaptation resulting 
from the identification and genetic cloning of EV receptors is the introduction of the receptor 
into animals and cells that do not normally permit virus infection. This approach has resulted 
in both advances in understanding the pathogenesis of PV infection in a nonprimate animal 
model system and its practical application in the diagnostic laboratory. The L20B cells, 
which are murine cells that express CD155, are now used routinely to selectively isolate PV 
(see Diagnosis) as part of the global PV laboratory network supporting the poliomyelitis 


eradication initiative.7° 


TABLE 3.2 Usual host range of human enteroviruses: animal and tissue 


culture spectrum@ 


Polioviruses 1-3 + + = + 
Coxsackieviruses, group A 1-22, 24 + + + a 
Coxsackieviruses, group B 1-6 + + + - 
Echoviruses 1-33 4 = - Ea 
Enteroviruses 68-121 + + - - 


“Many enteroviral strains have been isolated that do not conform to these categories. 


bNew types, beginning with type 68, are now assigned enterovirus type numbers instead of coxsackievirus or echovirus 
numbers. Types 68 to 121 have been identified. 


Major advances in the isolation and propagation of human-derived primary cells are 
beginning to advance our understanding of the possible interactions of EV with human cells 
in vivo. For example, the use of primary airway epithelia isolated from human nasal polyps 
grown at an air—liquid interface (ALI) has shown that EV-D68 alters mucociliary clearance 


and induces significant cytotoxicity in the epithelium.'°° Similarly, the isolation of human 
intestinal crypts, which can be propagated in the presence of growth factors that induced the 
differentiation of intestinal stem cells into all of the major cell types present in the 
gastrointestinal tract, has been used to study the impact of EV infection on intestinal structure 
and function.'*>-!®° These studies have revealed that different EVs target distinct cell types in 
the human GI epithelium and exhibit differences in their ability to dysregulate barrier 
function. The continued development and application of these models to in vitro studies of 
EVs will likely provide important insights into a number of facets of EV biology. 


Infection in Experimental Animals: Host Range 


The natural host for all human enteroviruses is the human. Although serologically distinct 
picornaviruses with the same physical properties as those of human EV have been found in 
many animals, human beings do not usually have recognizable infections with these animal 
EVs. On the other hand, some animals are susceptible to experimental infection with human 
EV. These include nonhuman primates and CD155-transgenic mice for polioviruses, mice 
and some monkeys for coxsackieviruses A and B, monkeys for echoviruses, mice for EV- 
D68, and mice and monkeys for EV-A71. In some cases, mouse models of EV require 
ablation of host innate immune signaling through the deletion or inhibition of antiviral type I 
interferon (IFN) signaling. Human EV can infect nonhuman primates, perhaps related to the 
homology that several simian EVs share with human viruses, but the infections appear to be 
largely subclinical.?’9-4°9 Among higher primates, chimpanzees and gorillas appear to be able 
to acquire PV infection and develop disease from humans through natural exposure.!* 
CVB5 is closely related antigenically to the porcine EV causing swine vesicular disease, with 
about 50% genetic identity over the entire genome. Genetic studies of a number of strains of 
swine vesicular disease virus, as well as epidemiologic information gleaned from outbreaks, 
strongly suggest that a human CVB5 was specifically introduced into swine decades ago and 


led to establishment in this new host.°?! 


Although most coxsackie A viruses have been successfully grown in various cell culture 
systems, isolation from clinical specimens is sometimes unsuccessful, necessitating the 
inoculation of suckling mice. Inoculation of suckling mice and subsequent virus 
identification is a process analogous to that of cell culture inoculation. A blind passage in 
mice may be necessary if the inoculum is of very low titer or, possibly, because passage of 
the virus is needed for it to adapt to growth in mice. The two groups of coxsackieviruses can 
be distinguished by the distinct pathology that they cause in mice. With CVA infection, 
newborn mice develop flaccid paralysis and severe, extensive degeneration of skeletal 
muscle (sparing the tongue, heart, and CNS), and they may have renal lesions. Death usually 
occurs within a week. CVB infection proceeds more slowly and is characterized by spastic 
paralysis and tremors associated with encephalomyelitis, focal myositis, necrosis of brown 
fat pads, myocarditis, hepatitis, and acinar cell pancreatitis. Echoviruses, except for some 
isolates of echovirus type 9, do not generally cause disease in mice, but disease can be 


induced in neonatal mice expressing human homologs of echovirus receptors.2***°* The 


expression of the human homolog of the EV71 receptor SCARB2 also sensitizes mice to 
EV71 infection, with disease resembling that observed in humans (including paralysis and 
death). """ 


Other Human Picornaviruses 


In addition to the enteroviruses, rhinoviruses, and hepatitis A virus, other picornaviruses that 
infect humans have been recently discovered or previously considered to be enteroviruses 
and are now reclassified as a separate genus (Table 3.1). These genera are genetically distinct 
from the EV genus (Fig. 3.2), but share some physical and structural similarity with EV. On 
the basis of a very low genetic relationship, differences in viral proteins and processing, and a 
novel 2A protease, echoviruses 22 and 23 were reclassified as a new genus, Parechovirus. 
Additional members of this genus exist, including additional serotypes of human 
parechovirus (HPeV),*°° as well as a separate species first isolated in Swedish bank voles, 
Ljungan virus; Ljungan virus has been associated with diabetes in its natural host and has 
been postulated to have a role in human disease.*”” The human parechoviruses (PeV-A; 19 
types) cause a similar spectrum of illnesses as the EV and can often be detected in 
cerebrospinal fluid (CSF) from meningitis cases at a frequency similar to that of the 
EV.*99°18 Serologic studies suggest that HPeV infection occurs at an early age, as most 
children were seropositive by the age of 2 years.°74+4”! HPeV3 has been associated with 
sepsis-like illness and central nervous system disease in infants.*}°7 
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FIGURE 3.2 Dendrogram of genus Enterovirus. The figure illustrates the 
phylogenetic relationship among the prototype strains (see Tables 3.4, 3.5, 3.6) 
within the genus Enterovirus and the distinct grouping of isolates into each of the 
species of viruses that affects humans and other related animal enteroviruses 
based on the amino acid sequence of the P1 (capsid) coding region of the 
genomes. Species: EV-A (formerly human enterovirus A), EV-B (formerly 
human enterovirus B), EV-C (formerly human enterovirus C), EV-D (formerly 
human enterovirus D), RV-A (formerly human rhinovirus A), RV-B (formerly 


human rhinovirus B), EV-E (formerly bovine enterovirus), EV-G (formerly 
porcine enterovirus B), and EV-H (formerly simian enterovirus B). Not shown: 
EV-F (bovine enterovirus 2), EV-J (simian virus 6 and related viruses), and RV- 
G. 


Another distinct picornavirus genus associated with human infection is Kobuvirus.°*! 


Although little is known about this virus, it appears that it is often associated with 
gastroenteritis in young children and infection is common, and distinct types cause diarrhea 
in cats and dogs.°°°” Members of the genus Cardiovirus have also been associated with 
disease in humans, but they do not appear to be a major cause of human illness.*°”7°° Viruses 
in the genus, Salivirus, are related to kobuviruses and have also been associated with 
gastroenteritis in humans.*°°%°° Cosaviruses (genus Cosavirus) have been detected at a 
relatively high frequency in stool and have been isolated from children with diarrhea or 
gastroenteritis.7°*712°° What is notable about all of these newer genera is that the molecular 
reagents for the detection of EV do not detect these viruses (see Diagnosis). 


PATHOGENESIS AND PATHOLOGY 


Entry into the Host 


Virus infection normally requires that the virion attaches to the cell surface, and it was long 
imagined that each virus would have a single receptor. For PV, at least, this may be the case: 
the virus binds to the PV receptor (PVR*“*; now named CD155), a transmembrane 
glycoprotein in the immunoglobulin superfamily that mediates adhesion of NK cells and 
triggers their effector functions. PVR (human CD155) appears to be the major factor 
regulating the natural host range of PV, which is limited to humans and old world primates. 
CD155 homologs/orthologs have been identified and characterized in mice*”’ and in new 
world monkeys; the extracellular domains share approximately 70% amino acid homology 
with hCD155, and these homologs do not support efficient PV binding or infection. Several 
laboratories have generated transgenic mice that express PVR, and, in many of the resulting 
models, PV was shown to induce neurological disease and paralysis following parenteral 
administration. 101.149:233,285,342,360,419 | 420° 421,549 However, oral administration did not cause 
disease even when the PVR transgene was regulated by a promoter that drove protein 
expression in enterocytes and M cells; PV appeared to bind to the intestinal cells, but 
productive infection was not observed following oral inoculation of greater than 10° PFU of 
virus.°*? These findings are consistent with studies of humans and susceptible primates, in 
which hCD155 expression has been identified in many tissues, but productive infection is 
limited largely to the CNS. In mice, deletion of the receptor required for antiviral type I IFN 
signaling (the interferon-a/B receptor, IFNAR) permits PV entry into the CNS following 


inoculation by the intramuscular or intraperitoneal routes.*°~*°° Thus, factors other than PVR 
expression play a key role in determining in vivo tropism, which may differ between species. 


It is now generally accepted that some viruses, or viral strains, may have more than one 
receptor, perhaps expanding their potential host range. EV71, most frequently associated with 
hand-foot-and-mouth disease in children but capable of causing devastating neurological 
pathology,*®° has at least two receptors: scavenger receptor B2, SCARB2,°°* and P-selectin 
glycoprotein ligand-1, PSGL-1.°”' However, although EV71 binds with greater efficiency to 
PSGL-1, this binding may not be sufficient to induce genome release, which requires both 
SCARB2 and endosomal low pH.°** EV-D68 may also utilize two cellular receptors, with 
some isolates binding to sialic acid? and all binding to the neuronal-specific intercellular 
adhesion molecule 5 (ICAMS).°!° Many CVA viruses appear to share a single receptor, 
KREMIN1, the murine homology of which is required for in vivo infection.4 


Indeed, some viruses appear to interact with two different surface molecules on a single 
cell, perhaps in series, with one protein acting as the binding moiety, before “handing over” 
the virus to a second protein that facilitates its entry into the cell. This is thought to occur for 
some CVBs that bind to decay-accelerating factor (DAF, CD55) but then must interact with 
another protein, the coxsackievirus and adenovirus receptor (CAR), in order to enter the 
cell.°9° DAF also serves as an attachment factor for other EVs, including several 
echoviruses,** but similar to CVB, this binding is not sufficient to induce genome release. 
Instead, echoviruses utilize the neonatal Fc receptor (FcRn) as a primary receptor, but the 
precise role of this receptor in echovirus entry remains unclear.?°* 


Site of Primary Replication 


Human enteroviruses are spread by the fecal—oral route and respiratory droplets, so systemic 
infection requires the virus to cross the gastrointestinal wall, most of which is lined with 
epithelial cells that form a barrier to invasion. Perhaps surprisingly, given the many years of 
study, the primary site of PV infection and replication in the intestine remains unknown. PV 
has been identified in lymphoid tissues such as the tonsils°? and in lymphoid aggregates, 
commonly termed Peyer patches (PP), that are present in the ileum of the small intestine. PP 
are overlaid with a specialized follicle-associated epithelium (FAE) that contains microfold 
(M) cells, which can transport certain molecules from the gastrointestinal lumen, across the 
epithelial layer, and into cells in the PP. Some studies suggest that PV may replicate within 
these epithelial cells and lymphoid cells,*°! while others suggest that the virus may be 
transcytosed through the M cell, subsequently establishing infection in an unidentified cell in 
the PP.*°° The cells in which CVB initially replicates are also uncertain; this issue is further 
clouded by the predominant use, in mouse models, of the intraperitoneal route of infection. 
As discussed above, the application of human stem cell-derived models of the intestinal 
epithelial (often referred to as “organoids” or “enteroids”) has provided some insights into 
the cell-type—specific nature of EV infection within the GI epithelium. Utilizing this model, it 
has been shown that echovirus 11 preferentially infected enterocytes, with infection also 


observed in enteroendocrine cells, but that mucus-secreting goblet cells were not permissive 
to infection.!*° Consistent with this, echovirus 11 infection induces profound loss of 
epithelial barrier integrity.‘°? In contrast, EV71 infection of stem cell-derived GI epithelial 
monolayers does not induce any loss of epithelial barrier function, which might be attributed 
to its preferential infection of goblet cells.‘°? However, given that the intestinal microbiome 
may be an important mediator of EV-GI epithelial attachment and infection, which is missing 
from these models, whether this specificity exists in vivo is unknown.?9?:477 


HRV infects epithelial cells of the airways. Infection of the nasal epithelium causes few 
detectable pathological changes, even if rhinitis is quite severe, and—as is true for many 
virus-induced diseases—many of the symptoms appear to be caused by the host response, 
rather than by direct virus-mediated tissue damage.?!®°!” In contrast to HRV, EV-D68 
infection induces pronounced cytotoxicity in primary airway cells.'°° 


Spread in the Host 


Following replication in the GI tract, PV enters the blood, thereby potentially gaining access 
to all tissues. However, in most hosts, viral replication is highly restricted, being readily 
detected mainly in the CNS.°° PV can enter the CNS in two ways. First, PV can access from 
the blood, where it cross the blood-brain barrier (BBB), perhaps independently of CD155.°°4 
Second, the virus (apparently in the form of an intact virion) can traffic by retrograde axonal 
transport, ascending the neuronal axon, perhaps in endosomes, with uncoating beginning 
once the virus reaches the cell body.°", °%°, 29° This may underpin provocation poliomyelitis, 
a phenomenon in which a traumatized limb is more susceptible to paralytic polio. The trauma 
may be directly associated with the virus, as reported in 1935, when it was noted that 
paralysis first appeared in (or was most severe in) the limb that had received an intramuscular 
inoculation of “pre-Salk” polio vaccine.*?? Such inoculation poliomyelitis also was observed 
in the “Cutter incident,” when an incompletely inactivated Salk vaccine was administered.°° 
However, provocation poliomyelitis does not require that trauma and virus be administered to 
the same limb; when PV was administered intravascularly to monkeys that had received 
innocuous injections into one limb, paralysis was more likely to develop in the injected 
muscles.*? Provocation poliomyelitis also has been reproduced in a mouse model.!” 
Mechanisms other than retrograde axonal transport may also contribute to this phenomenon. 
For example, the peripheral trauma may increase vascular permeability locally, in the region 
that innervates the injured muscle; this could explain why provocation poliomyelitis still 
occurs in traumatized limbs despite scission of the ipsilateral peroneal muscle.**! In contrast, 
dissemination of CVB and other enteroviruses appears to occur largely by the hematogenous 
route given that viremia is frequently found. 


Cell and Tissue Tropism 


EVs exhibit broad cell and tissue tropism (Fig. 3.3). It has been proposed that the observed in 
vivo tropism of PV for the CNS may result from differing efficiencies of viral internal 


ribosome entry site (IRES) utilization by various host cell types. However, this explanation 
appears to be incorrect; the PV IRES is equally functional in many cell types in vivo, 
including those that do not support virus replication in vivo.2°? A key driver of PV tropism 
likely lies in the ability of a given cell type to induce antiviral signaling and respond to these 
signals. For example, CD155-transgenic mice lacking type I IFN signaling due to the 
deletion of IFNAR developed severe lesions not only in the CNS but also in the liver, spleen, 
and pancreas.*** Thus, the absence of PV-induced damage and disease in immunocompetent 
mice expressing CD155 supports a model whereby type I IFN signaling directly limits PV 
neurotropism. 
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FIGURE 3.3 EVs exhibit broad cell and tissue tropism. The neuronal 
complications associated with EV infections can include direct infection of 
neurons. In the heart and pancreas, viruses like CVB replicate specifically in 
cardiomyocytes and f-cells, respectively. The cellular tropism at other tissue 
sites is less clear, but some evidence suggests specific cell types (including 


enterocytes, goblet cells, and enteroendocrine cell) could be targeted by EVs in 
the gastrointestinal tract. Other common tissues include the liver, with evidence 
that some EVs may preferentially replicate in hepatocytes, although the specific 
cell tropism remains unclear. 


CVB3 can cause pancreatitis, myocarditis, and meningoencephalitis. Enteroviruses, and 
especially CVB, have been implicated in up to one-third of human pancreatitis cases.24799:49° 
In the mouse model, the pancreas appears to be a major site of CVB3 replication.*40°+! 


CVB4 also causes pancreatitis,*!>+!°4°° the severity of which depends on the virus isolate 
that is used; a single amino acid change in VP1 appears to be largely responsible for 


switching the phenotype from mild pancreatitis to a more severe form.°*!”® In mice, CVB 
has been found in acinar cells, but not in the islets of Langerhans*?4+49°°°! by 


immunohistochemistry*?*°° and by in situ hybridization.*?49°°°! Expression of the CVB 
primary receptor CAR correlates with the observed pathology—the receptor mRNA is 
expressed at very high levels in acinar cells, but not in the pancreatic ducts or the islets of 


Langerhans,*°° consistent with the observation that CVB-infected mice do not develop 
hyperglycemia.**1-4!8 Deletion of CAR specifically from the pancreas in mice confers 


substantial, albeit incomplete, protection against organ damage during CVB3 infection,*°° 
suggesting that CAR expression is an important determinant of CVB-associated pancreatic 
dysfunction. In addition to receptor expression, the potency of antiviral signaling in 
pancreatic cell types may also explain the cellular tropism of CVBs in the pancreas. For 
example, a cells induce more potent antiviral signaling than do f cells in response to CVB 
infection, which might explain their ability to resist infection and evade autoimmune 


responses during infection.?7° 


CVB has long been considered one of the principal causes of viral myocarditis! and 
this view has been confirmed in several reports.!9!*9344526.528 CAR is expressed at high 
levels in cardiomyocytes,*”° where it is involved in heart development and cardiac function 
in mice.*°®!20,514 Notably, CAR is expressed at high levels in neonatal rat cardiomyocytes 


but is expressed at low levels in adult rat cardiomyocytes.*°’ This spatiotemporal expression 
has been speculated to explain the enhanced susceptibility of neonates to CVB-induced 
cardiac complications. In vivo, CAR expression on cardiomyocytes is required for CVB- 
induced myocarditis as mice lacking CAR specifically in these cells are protected from 


cardiac infection and disease.*?° 
Several mechanisms have been proposed to explain CVB-mediated cardiomyocyte 
destruction. The first is direct virus-mediated damage. Human cardiomyocytes can be 


infected in vitro,'®°*°? and infected cells are rapidly lysed.'°° These in vitro findings are 
corroborated by in vivo ultrastructural studies of myocardial tissue, which show clear 


evidence of virus infection of cardiac muscle cells and cell death in mice.1°)29%278 The 


second is immunopathological damage. The inflammatory infiltrate contains CD8* T cells, 
natural killer cells, and macrophages,®!!°?:'9°.452 and other studies have implicated y6 T cells 
in CVB pathogenesis.*!°.7!©22022! Finally, studies have implicated autoimmunity in CVB- 
triggered myocarditis.2!°-°°+9*499 One potential means by which this could occur is via 
molecular mimicry, that is, immunological cross-reactivity between viral and heart proteins, 
and there is evidence that this occurs at both the antibody!°!!°? and T-cell*!*7!>7"" levels. 
Virus replication in the heart is a prerequisite for myocardial destruction, and this is difficult 
to reconcile with molecular mimicry; these data do not, of course, exclude a role for 
autoimmunity induced by other means, for example, by virus-driven exposure of sequestered 
cardiac antigens or to genetic factors that might predispose individuals to cardiac 
complications. 


Although a rare polymorphism in the dsRNA sensor toll-like receptor 3 (TLR3) was 
identified in a patient who developed CVB-associated myocarditis,‘°* and mice lacking 
TLR3 or are deficient in type I IFN signaling are more susceptible to CVB-induced cardiac 
dysfunction,!'°°°? genetic variants in TLR3 or other IFN-associated factors are not 
commonly found in patients with viral-associated myocarditis.*° Instead, many of these 
patients have homozygous variants in genes associated with inherited cardiomyopathies, 
suggesting that a genetic predisposition to cardiac dysfunction may sensitize individuals to 
CVB-induced myocarditis. 


Most EVs are neurotropic and are associated with severe neurological outcomes 
including aseptic meningitis and acute flaccid myelitis. However, the specific factors that 
drive this tropism remain largely unclear. The receptors for many neurotropic EVs are 
expressed on diverse cell types within the CNS, suggesting that receptor expression is likely 
to play a role. In some cases, EV receptors are uniquely expressed in the CNS, such as 
ICAMS, which is a primary receptor for EV-D68°!° and is expressed almost exclusively in 
the CNS.°* Given that expression of the human homologs of many EV receptors is sufficient 
to promote CNS infection and disease in mice,!°%*? neuronal tropism is likely influenced 
largely by receptor expression and/or localization. However, other factors, such as the degree 
of viremia, host immune response, etc., also likely play important roles in this tropism given 
that neuronal complications are not observed in every infection. 


The liver is also a primary site of EV-associated disease, with hepatitis and acute liver 
failure observed in infected infants and children. Hepatocytes are highly permissive to CVB 
infection when type I IFN signaling is inhibited or ablated in vivo or in human primary 
cells.2°! Like cardiomyocytes, this hepatic tropism has also been attributed to age-related 
changes in CAR expression, with hepatocytes from neonatal animals exhibiting higher levels 
of CAR expression and enhanced sensitivity to infection.*!© Echoviruses, in particular, are 
commonly associated with liver disease in infected neonates.** The mediators for the hepatic 
tropism of echoviruses are unclear, particularly given that few in vivo models exist to study 
this aspect of infection, but recent work in neonatal mice expressing the echovirus receptor 
FcRn recapitulates echovirus 11 infection in the liver.*°* In adult mice lacking IFN signaling, 


echoviruses replicate to high levels in the liver and induce apoptotic cell death (Fig. 3.4). 
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Echoviruses also replicate to high levels in the pancreas of these animals and 


induce damage to acinar cells (B) 
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Immune Response 


Innate Immunity 


The innate immune response plays a central role in regulating virus infection, as illustrated 
above by the important role that this pathway plays in regulating EV tissue tropism and 
pathogenesis in animal models. RNA viruses may trigger one (or more) of at least three 
pattern recognition receptors (PRRs): TLRs, RIG-I-like receptors (RLRs), and NOD-like 
receptors (NLRs, some of which assemble into larger structures termed inflammasomes). The 
interactions between enteroviruses and PRRs have been extensively studied with TLRs and 
RLRs, with fewer studies focused on enteroviruses and NLRs. The detection of “nonself” 
pathogen-associated molecular patterns (PAMPs) triggers the PRR-mediated expression of 
hundreds of genes, including a variety of cytokines, chemokines, and other proteins, some of 
which can directly counter virus infection (e.g., protein kinase regulated by RNA [PKR, 
discussed below] and IFNs), while others may regulate the development of the adaptive 
antiviral immune response. The roles of cell-surface and endosomal TLRs during EV 
infections have been evaluated in several in vitro and in vivo models (Fig. 3.5). Despite being 
considered primarily a bacterial sensor, given that it binds to lipopolysaccharide, TLR4 on 
human pancreatic cells is triggered by CVB4.*°° However, TLR4KO mice infected with 
CVB3 show reduced virus titers and myocarditis,‘°* which suggests that TLR4 does not play 
a protective role in CVB3 infections of the heart, but its signaling exacerbates disease. A 
comparison of male and female mice confirmed that TLR4 signaling was correlated with the 
severity of myocarditis.'4° However, the administration of TLR4 stimulants such as LPS 
greatly increased the severity of CVB-induced myocarditis, suggesting that CVB-mediated 
triggering of TLR4 in vivo is likely to be submaximal.*?°4*? The endosomal TLRs, TLR3, 
TLR7, and TLR8, have been implicated in the detection of CVB infection, and mice 
expressing a loss of function mutation in Unc93b, the ER-localized molecule required for the 
trafficking of these TLRs to the endosome, are more permissive to CVB3-induced tissue 
damage and infection.*?° TLR3 senses dsRNA molecules that are commonly produced during 
EV replication.'* One study of CVB4 infection of TLR3-deficient mice suggested that TLR3 
was almost indispensable for the innate response to this virus,*** and, when compared to 
wild-type mice, TLR3KO mice showed increased mortality and developed more severe 
myocarditis following CVB3 infection.*©°'! Genomic screening of patients diagnosed with 
enteroviral myocarditis or dilated cardiomyopathy (DCM) revealed two TLR3 sequence 
variants, both of which showed reduced responsiveness to ligand,'*? suggesting that a strong 
TLR3-triggered response may protect against enteroviral myocarditis. In addition, a rare 
polymorphism in TLR3 was identified in a patient who developed CVB-associated 
myocarditis.°* However, another study reported that genetic variants in TLR3 are not 
commonly found in patients with viral-associated myocarditis,°° who were instead 
homozygous for variants in genes associated with inherited cardiomyopathies, suggesting 
that a genetic predisposition to cardiac dysfunction may sensitize individuals to CVB- 
induced myocarditis. Other endosomal TLRs also can contribute to the control of CVB 
infections. For example, human cardiac inflammatory responses to CVB are reported to be 
dependent largely on TLR7 and TLR8,*°’ both of which recognize ssRNA and other small 


molecules.'®® Contrary to the reported beneficial effects of a strong TLR3 response to 
enteroviruses, a strong TLR8 response may be associated with adverse outcomes in patients 
with EV-associated DCM.“ In addition to canonical antiviral signaling, autophagy is also 
up-regulated by TLRs, and the most potent proautophagic effects are mediated by 
ssRNA/TLR7 signaling.!'° Autophagy functions in the clearance of damaged organelles to 
maintain normal homeostasis but can function in an antiviral capacity in some settings by 
delivering viral particles to the lysosomes, which are subsequently destroyed by cellular 
proteases. However, autophagy appears to function in a proviral manner during most EV 
infections. Early electron microscopy (EM) studies of PV-infected cells revealed an 
association between PV and double-membraned intracellular vesicles,'°’ subsequently shown 
to be autophagy related.**9 Extensive membrane remodeling occurs in a PV-infected cell, 
mediated by the viral 2BC and 3A proteins,*°® and the resulting vesicles carry several 
autophagosome-related proteins.*”°4”9 A similar relationship between CVB and autophagic 
vesicles has been reported,!°” and there is a marked increase in double-membraned structures 
within CVB-infected cells, both in tissue culture°*?°* and in vivo.*° In vitro, the proviral 
effects of autophagy on EV replication are relatively modest with PV,7°° CVB3,°2? CVB4,°“° 
or EV71,°)° with inhibition of this pathway reducing production of each of these viruses by 
approximately 1.5- to 4-fold. In vivo, the proviral impact of autophagy is striking, and mice 
with targeted deficiency in the required autophagy factor Atg5 in pancreatic acinar cells 
exhibit approximately 2,000-fold lower CVB3 titers in the pancreas, with corresponding 
reductions in pancreatic inflammation and damage.'® In addition to replication, autophagy 
has also been proposed to facilitate the nonlytic release of enteroviruses.*° However, given 
that this has only been evaluated using in vitro cell culture models, the relevance of this in 
vivo is unclear. 
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FIGURE 3.5 EV innate immune sensing and antagonism. EVs rely on their 


virally encoded 2AP'° and 3CP!° proteases to cleave essential components of the 
host innate immune response. These include key pattern recognition receptors 
(PRRs) such as MDAS, essential components for PRR trafficking and function 
such as UNC93B1, and essential adaptors for downstream signaling including 
TRIF, MAVS, and IRF7. 


Three RLRs have been identified: RIG-I, MDAS5, and LGP2 (retinoic acid—inducible gene I, 
melanoma differentiation—associated gene 5, and laboratory of genetics and physiology 2, 
respectively). Unlike TLRs, these proteins are expressed in most cell types. All are activated 
by nucleic acids and are primarily cytosolic. Although RIG-I and MDAS both detect dsRNA, 
they differ in their interactions with specific moieties on this RNA. Whereas the C-terminal 
domain of RIG-I binds to 5'-triphosphate or 5'-diphosphate groups,'©°7074°7 MDA5 RNA 
recognition relies on RNA length and secondary structure, with long dsRNA serving as a 
primary determinant.°*’ Once activated, both RIG-I and MDAS signal to a shared 
downstream adaptor localized to the mitochondrial membrane, mitochondrial antiviral- 
signaling protein (MAVS). Many RNA viruses produce abundant dsRNA and ssRNA with 5’- 
ppp and, therefore, strongly activate RIG-I. In the absence of RIG-I, the innate response to 
several RNA virus families is abrogated.*!* The 5’ terminus of an enteroviral RNA lacks the 
5'-triphosphate moiety, instead bearing a modified protein (VPg), and, for this reason, these 
viruses do not stimulate RIG-I. Infected cells appear to rely largely on MDAS to alert them to 
the presence of picornaviral RNA. This sensor is activated by the cardiovirus EMCV,!°?7°8 
and two publications using MDA5 knockout mice suggest that enteroviruses, too, trigger 
MDAS signaling.2*>.°°7 

In addition to PRR-mediated induction of antiviral signaling, several innate immune cell 
types, which can include dendritic cells, macrophages, and natural killer (NK) cells, also play 
roles in restricting EV infection. NK cells, which are part of the innate response to many viral 
infections, are important in protecting against CVB-induced pancreatitis in the mouse 
model*?” and have been implicated in age-related susceptibly to EV71 infection in neonatal 
versus adult mice.°°° The importance of NK cells in combating human enteroviral infections 
is unknown, but human NK cells can produce IFNy in response to CVB-infected cells.*74 
Many cells—exemplified by macrophages and dendritic cells—are phagocytic and engulf 
dead or dying cells. Thus, although human DCs cannot be productively infected by CVB,??° 
these cells can consume debris from CVB-infected cells, thereby potentially introducing viral 
materials to the cytosolic and intravesicular sensors, potentially inducing an antiviral state in 
the DCs.*9! 


Effectors of the Innate Immune Response 


As discussed above, the key role of type I IFNs in the control of enteroviral infections is 
supported by extensive in vivo data demonstrating that ablation of this pathway greatly 


enhances EV replication and influences tissue tropism and spread. In addition to type I IFNs 
(which include 13 IFN-a subtypes and a single IFN-f subtype), it is likely that other IFNs, 
most notably type III IFNs, are also important in the control of enteroviruses. Type III IFNs 
include IFN-A1, IFN-A2, and IFN-A3 (also known as interleukin IL-29, IL-28A, and IL- 
28B>°°), Although a fourth type III IFN, IFN-A4, exists, it is nonfunctional in a large subset 
of the world's human population due to a single nucleotide polymorphism (SNP) that causes 
a frameshift in the gene.°!!® IFN-As have emerged as key antiviral effectors that are 
preferentially induced in and detected by “barrier” cell types, including those of the 
gastrointestinal and respiratory tracts, the placenta, and the BBB.°!* Unlike the ubiquitous 
expression of the receptor for type I IFNs (IFNAR), the receptor for type HI IFNs is largely 
restricted to cells at mucosal and other barrier surfaces.*°! The tropism of enteroviruses for 
barrier surfaces suggests that IFN-As will likely influence important aspects of their 
pathogenesis. In support of this, recent studies in primary human stem cell-derived intestinal 
cells show that IFN-As, but not IFN-f, are preferentially induced by EV71 and echovirus 11 
infection and that inhibition of this pathway enhances viral replication.‘®* In addition, CVB- 
infected primary hepatocytes induce type III IFNs, which confer a protective state.°! 


Once produced, type I and III IFNs induce hundreds of antiviral effectors called 
interferon-stimulated genes (ISGs) following receptor engagement. These effectors are 
directly antiviral, are often cytotoxic, and function to restrict viral replication. Several ISGs 
directly target enteroviruses by nonredundant mechanisms. High-throughput screening of 
hundreds of known ISGs identified many that restrict CVB infection.*°° The complete 
spectrum of ISGs that restrict EV replication, particularly in vivo and in relevant cell types, 
remains to be elucidated. 


Antagonism of the Innate Immune Response 


Perhaps not surprisingly given their prevalence, enteroviruses are adept at attenuating 
antiviral signaling pathways to promote their replication (Fig. 3.5). They accomplish this 
antagonism through a number of mechanisms, most commonly utilizing the encoded 
proteases 2A and 3C to alter the ability of PRRs to sense them and/or activate signals 
downstream of this sensing. MDA5 and RIG-I are degraded in EV-infected cells in vitro, 
most commonly studied in HeLa cells, which interferes with the ability of these sensors to 
bind viral RNA.°*-!°°4°° Enteroviruses also target MAVS, the adaptor for both RIG-I and 
MDAS, further disabling this pathway.!°°9°.°° Similarly, enteroviruses also attenuate TLR- 
mediated signaling by directed proteolysis of TLRs themselves or by targeting downstream 
adaptors, such as the TLR3 adaptor TRIF.°?!°°%°9 Accordingly, many cell culture models 
induce very little to no IFNs when infected with enteroviruses. However, the observation that 
EV replication is markedly enhanced in animal models lacking components of the innate 
immune sensing pathways and that primary cell-based models induce IFNs in response to 
infection suggests that this antagonism may be less efficient in vivo. 


Adaptive immunity 


Antibodies and CD8* T cells together provide a strong antigen-specific barrier against virus 
infections. Under normal circumstances, these two arms of the adaptive response 
complement each other. However, members of the EV species appear to be an exception to 
this general rule. Patients with X-linked agammaglobulinemia are highly susceptible to 
enteroviral infections,**’ and, after receiving live PV vaccine, such individuals may continue 
to shed virulent PV for up to approximately 20 years.*°°?"° The near-absolute requirement 
for antibodies in protecting against enteroviruses has been confirmed in an animal model of 
CVB3 infection, using B-cell knockout (BcKO) mice; these mice cannot eradicate the virus, 


and high titers are present in many organs.°*? The above observations suggest that, for 
agammaglobulinemic hosts infected with an EV, there may be some deficit in the backup 
system that, for most viruses, is provided by CD8* T-cell responses. This may, in part, 
explain why most studies of enteroviral infections, in mouse and in humans, have identified 
strong antibody responses, while CD8* T-cell responses—so easily detected in most virus 
infections—are weak (if detected at all). The Enterovirus genus is large, and the adaptive 
responses to only a select few enteroviral species will be discussed below. 


Human enterovirus A 


The best-studied pathogen in this species is enterovirus 71 (EV71). The virus triggers an IgM 
response that is detectable as early as 2 days postinfection,**® as well as a strong neutralizing 
IgG response that recognizes epitopes in the N-terminal segment of VP1.4”° Neutralizing 
antibodies, when transferred to uninfected neonatal recipient mice, are able to protect against 
a lethal challenge infection.°*° Studies of knockout mice showed that B cells, in particular, 
were important for survival following EV71 infection and B-cell—deficient mice treated with 
virus-specific antibody either before or during EV71 infection had lower virus titers, less 
severe disease, and lower mortality.?!? Memory Th1 CD4* T-cell responses specific for three 
epitopes in VP1 have been identified in EV71* individuals,'° but no CD8* T-cell epitopes 
have been reported. 


Human enterovirus B 


CVBs are the best-studied pathogens in this species and, as described above, can trigger 
severe acute and chronic diseases including myocarditis, DCM, pancreatitis, and aseptic 
meningitis. Infection by these viruses triggers a rapid and strong neutralizing antibody 
response. Virus-specific IgM appears during the first week of infection, followed by a strong 
neutralizing IgG response. The CVB3-specific IgM titer wanes over time, but IgG antibodies 
persist.°!’ Work in T-cell—deficient (nude) mice indicates that at least some of the CVB- 
specific antibody response is T-cell independent, '®”444*2 although some studies suggest that 
CD4* T cells may be important for the induction of strong neutralizing antibody 
responses.°”* B cells appear to be targeted by CVB**° and may provide a reservoir for the 


virus during persistent CVB infection. Viral RNA” cells, probably B cells, can be found in 
the splenic follicles and germinal centers!”:749.294:279.549; approximately 1% of B cells are 
infected with CVB3 in vivo, and these cells may accelerate the systemic distribution of 
virus.°*° T cells can help control CVB infection, although much less effectively than 
antibodies. In vivo analysis of CVB-specific T cells has been challenging because these 
viruses, despite replicating to high titers in mice, induce remarkably weak CD8* T-cell 
responses.*°*4* Nevertheless, some responses can be identified, exemplified by CD4* T-cell 
responses against epitopes expressed by CVB4.!’”!”9 CD8* T-cell responses are particularly 
meager. Epitopes in several viral proteins have been identified in human studies, but their 


detection required approximately 2 weeks of in vitro peptide antigen restimulation.°"! 


Human enterovirus C 


This species contains a number of coxsackie A viruses, but the most studied pathogen is PV, 
which induces a strong neutralizing antibody response that is necessary to control the 
infection. Virus infection and vaccination induce strong and long-lasting humoral 
responses,” but the immunity is not sterilizing and secondary infections of the gut can occur. 
Susceptibility to such reinfections, and subsequent shedding of PV, may be controlled by 
IgA.°° PV-driven T-cell proliferation has been observed in infant vaccinees, and the 
responses appear to be cross-reactive across different enteroviruses.**? However, PV-specific 
T-cell responses in OPV-vaccinated infants may be weaker than those in adults.49° OPV 
induces MHC class IJ-restricted memory CD4* T-cell response targeted to epitopes in all 
four capsid proteins.*°' CD8* T-cell responses to PV vaccination are long-lived but—as is 
true for most CVB-specific responses—they became detectable only after several rounds of 
in vitro restimulation, suggesting that T-cell numbers in vivo were low.°°* Mice are not 
naturally infected by PV, but PVR-Tg animals have allowed the analysis of T- and B-cell 
responses and their roles in antiviral protection. Adoptive transfer of PV-primed B cells 
together with a VP4-specific CD4* T-cell clone protected PVR-Tg mice against a lethal 
challenge of PV, but neither cell population alone was protective, indicating that the virus- 
specific B cells required T-cell help.°*7 


Release from Host 


Virion assembly and RNA packaging of enteroviruses remain very poorly understood. In 
most cell culture systems, enteroviruses are highly lytic and induce pronounced cell death 
signaling through both apoptotic and nonapoptotic pathways such as necrosis. The lytic 
nature of enteroviruses accompanies infection on both cell lines, in which cell blebbing and 
lysis can be observed within several hours of infection, and in primary cells. In vivo, 
enteroviruses induce profound cellular damage and the generation of cleaved caspase-3, a 
marker of apoptosis. Although enteroviruses are generally considered to be highly lytic— 
and, therefore, released from cells upon their lysis—early evidence from cell culture studies 


was consistent with PV release by nonlytic means.*0*49° It has been proposed that 
autophagy-mediated release of enteroviruses may occur, permitting the virus to exit a cell in 
a noncytolytic manner*°°; this proposed mechanism has been termed AWOL (autophagy- 
mediated exit without lysis).4°° The release of enteroviruses into extracellular vesicles has 
now been documented for several enteroviruses including PV, CVB, and EV71.4°°4482 
Extracellular vesicles include microvesicles (100 nm to 1 um in size), apoptotic blebs or 
bodies (50 nm to 5 pm in size), and exosomes (30-100 nm in size). These vesicles can be 
distinguished based upon size, cargo composition, and their intracellular site of origin. In 
cultured cells, enteroviruses have been detected both in large vesicles and in smaller 
exosomes. Some studies have even suggested that progeny virions are released in very large 
vesicles that can contain up to dozens of viral particles.*4° This method of egress would not 
only shield released particles from possible neutralizing antibodies but would also dampen 
signals that might induce inflammation, such as through the release of danger-associated 
molecular patterns (DAMPs) from lysed cells. It remains unclear whether the nonlytic release 
of enteroviruses occurs in vivo or plays any role in pathogenesis as all of the studies to date 
have been performed in cell culture systems. 


Virulence 


Viral virulence is a complex interplay between virus and host, and some of the contributing 
elements, such as receptor distribution and host responses, have been discussed above. Here, 
we shall focus on selected enteroviral sequences and proteins and their contributions to a 
virulent phenotype. Wild-type PV is more neurovirulent than the attenuated viruses that 
constitute the oral vaccine, and studies have identified, in all three PV serotypes, changes in 
the 5’ noncoding region that can alter neurovirulence. For example, sequence comparison 
between the attenuated Sabin 3 virus and revertants from cases of vaccine-associated 
poliomyelitis showed that a single U-C change in the viral IRES, at position 472, conferred a 


growth advantage in the human intestine and resulted in increased neurovirulence although, 


on its own, the change was insufficient to confer full neurovirulence!*?; a second change, 


leading to an amino acid substitution in VP3, almost completely restored virulence.°?!? 
Mutations in the TIRES of PV types 1 and 2 also modulate the neurovirulent 
phenotype.*©°*+23 The in vivo neuroattenuating phenotype imposed by changes in the 
IRES, together with tissue culture studies showing apparent cell-specific effects of the IRES 
mutations,!®! led to the proposal that neuroattenuation might be explained by a neuron- 
specific reduction in usage of the mutated IRES. However, in vivo analyses have 
demonstrated that, while the Sabin 3 IRES sequence is indeed less effectively utilized in 
neurons, this defect also is observed in other cells and tissues.*® Thus, another explanation 
was sought; the importance of type I IFNs in modulating PV neurovirulence in vivo has been 
described above. Cardiovirulence in CVB3 also has been mapped to various locations in the 
5’ NTR, approximately 80 to 240 bases from the 5’ end of the genome,’®-!*”4® although the 
capsid region, too, plays a part.*** In contrast to the extensive mapping of the limits of, and 
functional domains within, the PV IRES, analysis of the CVB IRES has been limited. 


Persistence 


Although both PV and CVB are rapidly cytolytic in many of the cell types that they infect, 
both viruses can establish persistent or chronic infection in some tissue culture 


systems.2°!48.352,404 Ty neuroblastoma cells, PV persistence is associated with accrual of 
mutations in the capsid region,*?? and, for both PV and CVB, moving from cytolytic to 
persistent phenotype in cell culture may be inversely related to the capacity of the virus to 
adsorb to the receptor and/or to the level of receptor expression.°°*’**"4 It has been reported 
that, during persistent infection of cultured cells that express low levels of CAR, CVB 
accumulated changes in the capsid that allow the variant virus to bind to novel (non-DAF, 
non-CAR) molecules, and this more promiscuous activity conferred a replicative advantage 
upon the variant.®” Cellular factors contribute to the establishment of PV persistence.!*” Cell 
cycle status may play a role in the case of CVB that does not replicate efficiently in tissue 
culture cells rendered quiescent by drugs or by serum starvation but undergoes productive 
and cytolytic replication when the cell cycle is triggered.!°”!°9 


Enteroviral persistent infections can take place under two general scenarios. First, a 
chronic productive EV infection can occur in immunocompromised hosts. As noted above, 
agammaglobulinemic individuals who received OPV may retain, and excrete, the virus for 
many years. One study of individuals with primary immunodeficiency who had developed 
vaccine-associated paralytic poliomyelitis found that approximately 1 in 5 secreted vaccine- 
derived PV at 6 months after their last OPV dose, but this frequency declined to 0% when the 
interval was 10 years.*’* The low prevalence of the underlying condition means that such 
persons are rare; only approximately 40 such individuals have been identified.°*° Fortunately, 
a more common potential cause of immunosuppression, HIV infection, seems not to correlate 
with PV persistence/shedding.*”!9* Second, immunocompetent hosts may carry virus (or, at 
least, viral RNA) for many years. Given the frequency of enteroviral infections, it is 
reasonable to suppose that this is the more common of the two types of EV persistence. In the 
vast majority of cases in which “enteroviral persistence in vivo” has been reported in 
immunocompetent hosts, infectious virus was not identified; rather, viral materials (most 
commonly, RNA) were reported and infectious particles, if sought, were not found. CVB 
RNA has frequently been detected by PCR in many analyses of cardiac biopsies from 
individuals with DCM?*?°°%283 or inflammatory peripheral myopathy.*? From results 
obtained in a murine model of polymyositis, the authors concluded that the RNA was 
maintained in double-stranded form, with little indication of virus mutation/evolution.*”2 
However, analyses of CVB3 genomes isolated from the hearts of persistently infected mice 
suggest that CVB persistence in vivo may be dependent upon the deletion of nucleotides at 
the 5’ end of the genome.*”© Several deletions were reported, some extending to nucleotide 
49 and all affecting the 5’ cloverleaf structure that is considered vital for RNA replication. 
Importantly, the materials were infectious; although replicating very slowly, they could be 
maintained in culture and do not require a helper virus. The VPg protein was present on 
several of the deletion mutant genomes, and, notably, approximately 25% of RNA 


encapsidated into virions was negative sense. The authors proposed that the encapsidation of 
negative strands might occur because the terminal deletions, by altering RNA replication, 
markedly reduced the ratio of positive to negative strands. Similar 5’-terminal deletion 
variants subsequently were identified in CVB3 that had been passed in primary tissue culture 
cells°? and, critically, in a CVB2 genome isolated from the heart of a human who had 


succumbed to enteroviral myocarditis.’? The poor infectivity of these mutated viruses may 
explain why infectious virus was not identified in the vast majority of previous studies in 
which EV RNA was found. To date, there is no evidence to suggest that these terminally 
deleted variants can be transmitted under normal circumstances. 


EPIDEMIOLOGY 


Demographics 


Despite the nearly ubiquitous nature of EV infections and the wide variety of clinical 
presentations, the demographics of the various infections and diseases have some consistent 
characteristics. In particular, several factors, including age, sex and socioeconomic status, 
have largely predictable effects. 


One of the most important determinants of EV infection outcome is age. Different age 
groups have different susceptibilities to infection, severity of illness, clinical manifestations, 
and prognoses following EV infection. Understanding these age effects on outcome of 
infection is complicated by the widely divergent prior history of infection and resulting 
immunity. Nevertheless, it is possible to make certain generalizations. 


The largest amount and duration of virus shedding occur on primary infection with a 
given EV serotype. Because infection is so common, most primary infections occur during 
childhood. For these reasons, young children are probably the most important transmitters of 
EV, particularly within households. The greater exposure of children to virus during infection 
may make them more likely to have significant clinical symptoms. For example, in outbreaks 
of meningitis, children typically have higher rates of disease than adults.!°”-*°° Most studies, 
however, do not separately determine age-specific infection rates and disease rates, and the 
relative rates at which adults are infected are not generally known. 


The incidence of poliomyelitis is relatively low for the first 4 to 6 months of life in 
countries in which control through vaccination has not yet been achieved, because of the 
frequent presence of protective maternal antibodies. In these countries, an increased 
incidence is seen of paralytic disease in children older than 6 months compared with children 
in wealthier developed countries, presumably related to an earlier exposure to virus as a 
result of poor sanitary conditions. Ironically, areas with improved hygiene may have a 
decrease in infant exposure, leaving an older (unexposed) population susceptible to epidemic 
disease, with high rates of paralytic disease during an outbreak.*!° Adults are more likely to 
be severely affected in both developing and developed countries, tending to acquire paralytic 


poliomyelitis rather than nonparalytic CNS disease (i.e., aseptic meningitis), abortive illness, 
or asymptomatic infection.’'7*7°° The reason for the increase in severity later in life is 
unknown. A possible reason relates to the finding that fast axonal flow, which appears 
important in the spread of PV within the CNS,**° increases with age. In addition, it may be 
that receptor expression or host factors important in replication change with age, as has been 
speculated to play a role with CVB. 


Severity of a number of enteroviral diseases besides poliomyelitis may be strikingly age 
related. An indirect indication is that a delay in first infection with a number of EV increases 
risk of more severe disease. For example, exanthema associated with CVA and echoviruses is 
for the most part milder in children than in adults. On the other hand, some EVs cause more 
severe disease in newborns than in older children and adults, possibly inducing a fulminant 
viral sepsis with myocarditis, encephalitis, hepatitis, and sometimes death (see Clinical 
Features, Neonate and Infant Disease).®°*°? Outbreaks of hand-foot-and-mouth disease 
caused by EV-A71 have been associated with a significant CNS complication, fatal brainstem 
encephalitis, that was restricted largely to young children (see Clinical Features: Meningitis 
and Encephalitis).2°°**° In addition, EV-D68 has been associated with large outbreaks of 
serious acute respiratory illness (see Clinical Features: Respiratory Infections) and with cases 
of acute flaccid myelitis (see Clinical Features: Acute Flaccid Myelitis). 


In general, encephalitis and aseptic meningitis caused by EV appear to be most frequent 
among those 5 to 14 years of age rather than those older or younger. In a 10-year surveillance 
summary from the United States,**? adults tended to be overrepresented among cases of 
severe disease (paralysis, encephalitis, meningitis, carditis) when compared with the age 
distribution of the EV-infected population as a whole. In another study, the mean age among 
patients with CVB meningitis (7.7 years) or pericarditis (9.9 years) was greater than the mean 
age of patients with CVB gastroenteritis (1.3 years).!!” 


EV infections are more prevalent among persons of lower socioeconomic status and 
those living in urban areas.!°°4! In a study utilizing active surveillance of healthy children 
for EV infections in West Virginia during 1951-1953, the rate of isolations among children in 
a lower socioeconomic setting was two- to sevenfold higher than among children in a higher 
socioeconomic setting.*°° A similar study in Ghana during 1971-1973 further indicated that 
EV isolations were significantly more frequent among children in areas with poorer 
sanitation and in urban areas during both rainy and dry seasons.°7° 


Paradoxically, poliomyelitis and possibly other EV diseases tend to be diseases of 
development. In the case of poliomyelitis, improvement in a country's hygienic and 
socioeconomic conditions (before vaccination programs) successfully reduces the incidence 
of paralysis caused by PV and leads to a transitional period in which there is a delay in age of 
first infection with a subsequent temporary increase in the paralysis-to-infection ratio. Before 
the introduction of the PV vaccine in the United States and other developed countries, 
paralytic poliomyelitis was disproportionately a disease of the middle and upper 
socioeconomic classes; this disease distribution was a result of infection at an older age, 


when paralysis was a more frequent complication. Ironically, the delay was a result of 
improved hygiene. The infant mortality rate, a general indicator of a country's level of health 


development, may be inversely correlated with the age-specific incidence of poliomyelitis.*°” 


EV diseases, and possibly also EV infections, occur more frequently in males than in 
females,!°**°* although some exceptions have been described.!!° In numerous reports, the 
male-to-female ratio appears generally to range between about 1.2 and 2.5:1; that is, 
approximately 55% to 70% of such diseases occur in males. Male predominance tends to be 
greater for the more severe diseases (e.g., CNS disease or carditis) than for less severe 
disease (e.g., pleurodynia, hand-foot-and-mouth disease, respiratory disease, acute 
hemorrhagic conjunctivitis, rash, or undifferentiated febrile illness). 


The apparent predominance of enteroviral infections among males may have both 
sociologic and biologic explanations. Population-based measurements of infection (e.g., 
serosurveys), which should be gender neutral, have not consistently demonstrated a higher 
infection rate for males. Several additional explanations for the male predominance have 
been proposed on the basis of studies of infections in healthy children!>*: A longer duration 
of virus excretion occurs in males than in females (leading to increased chance of identifying 
infected males); a higher virus titer occurs in the feces of males (leading to a similar increase 
in diagnosis). Another possibility is that, indeed, more frequent infections occur in males 
because of a greater exposure to the pathogen, perhaps because of differences in the parental 
treatment and play habits of younger boys, and because of greater activity among older boys. 
An additional possibility is that males are more likely to develop a serious illness from a 
given EV infection than females. For example, the reason that human myopericarditis is more 
common in adolescent and adult males than in females (except in pregnant and postpartum 
women)?!’ could be caused by sex-related endocrine effects leading to differences in disease 
susceptibility. The skewing of EV-related complications in males has also been observed in 
animals in vivo, where male mice exhibit higher levels of CVB replication in their intestines, 
which were proposed to be related to sex hormone— and type I IFN-related differences.*7° 


Transmission 


Enteroviruses can be isolated from both the lower and upper alimentary tracts and can be 
transmitted by both fecal-oral and respiratory routes. Fecal—oral transmission may 
predominate in areas with poor sanitary conditions, whereas respiratory transmission may be 
important in more developed areas.*°° The relative importance of the different modes of 
transmission probably varies with the particular EV and environmental setting. It is believed 
that almost all EVs, except possibly EV-D70, can be transmitted by the fecal—oral route; 
however, it is not known whether most can also be transmitted by the respiratory route. EV70 
and CVA24 variant, the agents that cause acute hemorrhagic conjunctivitis, are seldom 
isolated from the respiratory tract or stool specimens and are probably primarily spread by 
direct or indirect contact with eye secretions.*®’ Enteroviruses that cause a vesicular 
exanthema presumably can be spread by direct or indirect contact with vesicular fluid, which 
contains infectious virus. 


It is likely that EVs are transmitted in the same manner as are other viruses causing the 
common cold—that is, by hand contact with secretions (e.g., on the hand of another person) 
and autoinoculation to the mouth, nose, or eyes. Direct bloodstream inoculation, usually by 
laboratory accidents (e.g., needle sticks), can result in EV infection; however, neither blood 
transfusion nor mosquito or other insect bite appears to be a significant route of transmission. 
The isolation of EV from flies has led to a suspicion that houseflies (Musca domestica) and 
various filth flies may be vehicles of mechanical transmission.!”°**9 No evidence indicates 
that venereal transmission is important. 


Transmission within households has been well studied for both PV and nonpolio EV. 
Small children generally introduce EV into the family, although young adults make up the 
majority of index cases in some outbreaks of acute hemorrhagic conjunctivitis.*“° Intrafamily 
transmission can be rapid and relatively complete, depending on duration of virus excretion, 
household size, number of siblings, socioeconomic status, immune status of household 
members, and other risk factors.‘®° Transmission has been generally found to be greatest in 
large families of lower socioeconomic status with a greater number of children 5 to 9 years of 
age and with no evidence of serologic immunity to the virus type. Not surprisingly, infections 
in different family members can result in different clinical manifestations. 


Observations of household transmission of various EVs have documented that many 
infected contacts do not become ill and that the extent of secondary transmission varies with 
different EVs. Household secondary attack rates in susceptible members may be greatest for 
the agents of acute hemorrhagic conjunctivitis (EV-D70 and CVA24 variant) and for PV and 
of lesser magnitude for the coxsackieviruses and echoviruses. In some studies, secondary 
attack rates may be 90% or greater, although they are typically lower. New York Virus Watch 
data indicate that EV infections were more frequent among children 2 to 9 years of age and 
that secondary CV infections were more frequent in mothers (78%) than in fathers (47%).?°7 
In the same study, coxsackieviruses spread to 76% of exposed susceptible persons versus 
25% of exposed persons who had detectable antibody to the infecting type; echoviruses 
infected 43% of those who were susceptible and only one person with antibody. The greater 
spread of polioviruses and coxsackieviruses may derive from longer periods of virus 
excretion. 


Transmission occurs within the neighborhood and community, particularly where people 
congregate. In addition, as with many other viruses, EV can be rapidly transmitted within 
institutions when circumstances permit (e.g., crowding, poor hygiene, or contaminated 
water). School teams or activity groups and institutionalized ambulatory retarded children or 
adults may be at special risk.!* Despite crowding, EV transmission is not usually accelerated 
to a noticeable degree in institutions where good sanitation is found. 


EV transmission has also been observed in utero and has led to EVs being classified as 
members of the “TORCH” family of pathogens. TORCH pathogens include Toxoplasma 
gondii, Others (Listeria monocytogenes, parvovirus B19, varicella zoster virus, and 
enteroviruses), Rubella, Cytomegalovirus, and Herpesvirus. EV infections during early 
pregnancy have been associated with miscarriage and other pregnancy complications. 


Adverse pregnancy outcomes have been observed for CVA,°22°*? CVB,2°3489.230,288 and 
echoviruses.°4:742:249,365.477, EVs have been recovered from both placental and fetal 
specimens in cases of fetal death, and women who experienced miscarriages had higher 
levels of CVB antibody levels,*?:'*” supporting that in utero transmission and teratogenicity 
may occur during the context of a maternal infection. However, given that data on the 
prevalence of EV infections during pregnancy and the impact of these infections on the fetus 
are largely unknown, the impact of vertical transmission in utero remains to be fully explored 
or perhaps appreciated. 


As aresult of widespread but incomplete PV immunization, rare PV-susceptible enclaves 
have arisen. These usually consist of unvaccinated religious groups in countries with an 
otherwise high prevalence of PV immunity. Despite the barrier of millions of immune 
persons, PV outbreaks have occurred in some of these enclaves.*?’ The frequency and ease of 
international travel may result in the continuous introduction of wild-type PV in all regions 
of the world, indicating that a large proportion of the population must be vaccinated if 
poliomyelitis epidemics are to be prevented. This suggests that herd immunity may be of 
only limited value in protecting groups of susceptible persons who have regular contact with 
outside populations, and it raises questions about the risks that such groups may pose to the 
community at large. 


Nosocomial transmission of various CVA and CVB and the echoviruses has also been 
well documented, typically in newborn nurseries. Hospital staff may have been involved in 
mediating transmission in some of these outbreaks. EV-D70, as well as CVA24 variant, is 
highly transmissible and can cause outbreaks in ophthalmology clinics when instruments are 
inadequately cleaned between patients. An apparent outbreak of CVA1, which included some 


fatal cases, has been reported in bone marrow transplant recipients.*°° 


Although human EVs have been isolated from various environmental sources, humans 
are thought to constitute the only important natural reservoir.'*?)'°° Survival beyond a few 
weeks does not generally occur, although EV can survive for months in favorable 
environmental conditions; these favorable conditions include neutral pH, moisture, and low 
temperatures, especially in the presence of organic matter, which protects against 
inactivation. Simian enteroviruses have been identified that are closely related to a number of 
human viruses, !®°74377,399,409 and human enteroviruses have been detected in free-living 


nonhuman primates,°*! but it is not known whether primates can serve as a reservoir for 
human infection. 


Although little evidence suggests that EVs found in the environment are of public health 
importance, concern has been expressed about possible dangers of contaminated sources of 
water. Recreational swimming water has been investigated in several studies, and EVs have 
been isolated from swimming and wading pools in the absence of fecal coliforms and in the 
presence of recommended levels of free residual chlorine. CVB5 was isolated from an 
unchlorinated lake swimming area during an outbreak at a boy's camp in Vermont, although 
the outbreak itself was explained by person-to-person transmission. In one study, the relative 
risk of EV infection among children was found to be significantly higher for beach 


swimmers, especially for those less than 4 years of age.!°° These reports suggest that 
swallowing of contaminated pool or lake water may theoretically account for transmission, 
but no proof exists that this type of transmission is significant in recreational settings. 


Enteroviruses have been found in surface and ground waters throughout the world. In the 
tropics, virus survival is more prolonged in groundwater because it is cooler than surface 
water. As in the case with swimming pools, EV can be found in these waters even after 
chlorination and even in the absence of fecal coliforms. In industrialized countries, EV 
transmission from potable water is apparently uncommon, but is a constant source of concern 
for public health investigators, because the usual conditions under which city drinking water 
is chlorinated may be insufficient to completely inactivate enteroviruses. 


Enteroviruses have been isolated from raw or partly cooked mollusks and crustacea and 
their overlying waters.!°’ Shellfish rapidly concentrate many viruses, including EV. These 
viruses can survive in oysters for 3 weeks at temperatures of 1°C to 21°C. To date, no 
outbreak of EV disease has been attributed to consumption of shellfish. Other foodborne 
transmission has been documented but is thought to be uncommon. A 1976 outbreak of 
aseptic meningitis attributed to echovirus type 4 was apparently caused by consumption of 
contaminated coleslaw at a large picnic (Centers for Disease Control and Prevention [CDC], 
unpublished data, 1976). 


Enteroviruses, especially polioviruses, are regularly found in sewage. Enteroviruses are 
more prevalent in sewage from areas with low socioeconomic conditions or with large 
proportions of young children. In addition, sewage workers have been shown to have a 
higher prevalence of serum antibodies to EV than highway maintenance workers, which is 


consistent with an occupational risk.?° 


Soil and crops also provide conditions favorable to EV. Enteroviruses survive well in 
sludge and remain on the surface of sludge-treated soil and even on crops. Air samples from 
aerosolized spray irrigants using contaminated effluents have also been found to contain 
EV.°*>! Survival of EV on vegetable food crops exposed to contaminated water or fertilizer 
has not been proved to be associated with virus transmission. 


Prevalence and Disease Incidence 


Incidence data about diseases caused by particular EV types can be derived from prospective 
longitudinal surveillance of a defined population or from a sample of the population in which 
the occurrence of disease or infection can be reliably determined. The Virus Watch program 
in the 1960s in US cities exemplifies this type of surveillance study, in which specimens from 
subject children were obtained every 2 weeks for virologic evaluation.2°78*“°" Although 
difficult and extremely expensive, such prospective cohort studies avoid many of the pitfalls 
of passive surveillance, and they allow interpretations about both infection and disease 
incidence. 


Less-useful information is based on passive case finding. Ascertainment may be 
incomplete because the surveillance system is likely to identify a case only if it is easily 


recognizable and diagnosed by someone who decides to report it. Because such data indicate 
neither how many ill persons were not reported nor how many ill persons had negative 
laboratory tests, the information is mostly of qualitative value; however, it may be useful in 
indicating trends. Despite these limitations, occasional reports do appear.°?”*”" 


In the United States, EV surveillance data are collected and analyzed by the CDC. The 
data have been reported irregularly since the beginning of the program in 1961.27°7°953 In 
the United States, the only notifiable enteroviral diseases are poliomyelitis and encephalitis. 
These are reportable by diagnosis only (e.g., encephalitis) and not etiology (e.g., echovirus 
encephalitis). Such disease-based surveillance is the most accessible but least representative 
of all surveillance data. 


EV excretion does not necessarily imply association with disease, because most such 
excretion is asymptomatic. This applies particularly to developing countries where EVs are 
ubiquitous and childhood infections commonplace and characteristically silent. 


EV activity in populations can be either sporadic or epidemic, and certain EV types are 
associated with both sporadic and epidemic disease occurrences. The reported incidence or 
prevalence of a given EV disease may actually or artifactually be increased in an outbreak 
situation when sudden focus of attention improves diagnosis and reporting of cases, but this 
may also increase reporting of noncases. In addition, there may be a tendency for other 
Strains to be excluded when a particular strain is predominant in a community; however, large 
communities with summer enteroviral disease typically support cocirculation of several 
different types simultaneously and in no particular pattern. 


An important concept in understanding the epidemiology of the EV is variation: by 
serotype, by time, by geographic location, and by disease. This concept is illustrated in 
surveillance studies of nonpolio EV infections. For example, Figure 3.6 summarizes the data 
for the years from 1970 to 1998 for CVB3, echovirus 11, and echovirus 30 isolates in the 
United States collected and analyzed by the CDC. These data illustrate endemic and 
epidemic patterns of EV prevalence. The epidemic pattern, as typified by E11 and E30, is 
characterized by peaks in numbers of isolations followed by periods with few isolations.*”° 
These peaks may be sharp (1- or 2-year) or broad (multiyear) periods of increased virus 
isolations. For example, during the study period, several major epidemics occurred of 
echovirus 30 in the United States: outbreaks from 1981 to 1982, 1990 to 1994, and 1997 to 
1998. By contrast, endemic viruses (e.g., CVB3) are isolated nearly every year and in similar 
numbers each year. Even with endemic viruses, larger outbreaks do occasionally occur, as 
with CVB3 in 1980. Similar endemic and epidemic patterns are seen for the other 
echoviruses and coxsackie A viruses. 
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FIGURE 3.6 Reported enterovirus isolations in the United States, 1970-1998. 
The graphs represent the percentage of total enterovirus isolations in a given year 
for each of three common serotypes, CVB3 (CB3), echovirus 11 (E11), and 
echovirus 30 (E30). Note that full scale for the CVB3 panel is 20%, whereas it is 
50% for both of the echoviruses. 


Variation by location is also a major characteristic of EV. Outbreaks can be restricted to small 
groups (e.g., schools and day care centers) or to select communities, or they may become 
widespread at the regional, national, or even international level. Outbreaks in small groups 
can sometimes be linked epidemiologically to a breakdown in hygiene practices. Even during 
national outbreaks of a specific serotype, the location of virus activity may not be uniform. 
During the period of 1990-1993, echovirus 30 was the most commonly isolated EV in the 
United States (Fig. 3.7). As can be seen in the figure, not all parts of the country had 
echovirus 30 isolates during the entire period. Some areas, such as the New England states, 
had extensive circulation in only 1 year, whereas other areas, such as the entire western 
United States, had extensive virus circulation for 3 or more of the 4 years. It is important to 
note, therefore, that aggregate national data can obscure significant regional and local 
variation in viral prevalence. 


FIGURE 3.7 Geographic distribution of echovirus 30 isolates in the United 
States, 1990-1993. Maps represent regions of the United States where echovirus 
30 was one of the three most common enterovirus isolates for the given year. 
States are shaded on a regional basis, because not all states report enterovirus 
isolation data. 


In temperate climates, EVs are characteristically found during the summer and early autumn, 
although outbreaks can continue into the winter. In fact, naturally occurring EVs have a 
distinct seasonal pattern of circulation that varies by geographic area; in contrast, live 
attenuated PV (mostly vaccine strains) are isolated year-round, reflecting the routine 
administration of poliomyelitis vaccine to children. In tropical and semitropical areas, 
circulation tends to be year-round or associated with the rainy season. In the United States, 
23 years of surveillance indicated that 78% of EV isolations were made during the five 
summer or fall months of June to October.*”° In a 6-year study of viral CNS disease, 85% of 
enteroviral disease, compared with 12% to 26% of diseases caused by other viral agents, 
occurred between June and November.?°° 


Many studies have examined the prevalence of antibodies to the EV in specific 
populations, as has been reviewed elsewhere,°°°*“® with several important conclusions. First, 
the number of persons who have neutralizing antibody to any given EV is large, indicating a 
high incidence of past infection. A high incidence of recent infection is also suggested by 
surveys of IgM antibodies to EV, which typically show 4% to 6% positivity. Second, 
infections with one serotype of EV can boost antibody titers to other EV serotypes as 
measured by either IgM or neutralization. The pattern of the heterotypic response varies by 
serotype and among individuals. The nature of this heterotypic response has been explored 
through the identification of specific epitopes using monoclonal antibodies and peptide 
antisera.!’°-441559 Third, the pattern of antibody prevalence by serotype varies by geographic 
location, time, and age. Thus, prevalence data from different years and locations are not 
directly comparable. These three points must be considered when interpreting the findings of 
serologic studies of associations between EV infection and disease. 


Molecular Epidemiology 


Study of the molecular variation of viral proteins or nucleic acid may contribute significant 
epidemiologic information on viral diseases (see Diagnosis). Molecular epidemiologic 
studies have helped in our understanding of EV including the following: providing the 
opportunity for unequivocal strain identification, providing insights into EV classification 
and taxonomy, clarifying the origins of outbreaks, and allowing identification of strains 
transmitted between outbreaks. For the EV, and in particular PV, the primary method used to 
generate epidemiologic information is direct analysis of genomic variation using nucleic acid 
sequencing. Previously, both monoclonal antibodies and oligonucleotide fingerprinting were 
also used to study variation in PV and EV; however, these approaches are limited by their 
ability to show similarities and small differences only among relatively closely related 
viruses. Neither technique, however, is able to readily detect any patterns among seemingly 
unrelated virus isolates. The introduction of the technique of genomic nucleic acid 
sequencing and its application to the study of wild PV isolates from different parts of the 
world has significantly extended the epidemiologic power of molecular studies.**? By 
analyzing the random mutations that occur in the genome of different PV, closely related 
viruses were easily detected, and, in addition, more distantly related viruses were clustered 
into distinct geographic groupings of endemic circulation. This approach allowed 
epidemiologic links to be extended beyond those identified with other techniques. 


Nucleic acid sequencing technology has been most comprehensively applied to studies of 
PV, where the information has proved valuable for supporting the global PV eradication 
program.*°*7°°.27 From these studies, it is possible to determine (a) if an isolated PV is 
related to vaccine virus, (b) similarities among isolates in an epidemic, and (c) differences 
among isolates from different geographic areas. By comparing the changes that are observed 
between virus strains, the geographic and temporal origin of a virus can be determined. 
Building on a nucleic acid sequence database of PV strains worldwide, it has been possible to 
develop rapid approaches to tracking wild PV strains. !1319,959.425,952 


Studies on the molecular epidemiology of nonpolio EV have focused on the evolutionary 
inference derived from the comparison of virus isolates within a serotype over time, as well 
as the comparison of isolates from different serotypes and even between different genera 
within the Picornaviridae. Molecular epidemiologic studies using sequencing have been 
reported for CVB1, CVB5, echovirus 30, and EV71.°7!24289.382,555 One of the studies of 
CVB5 isolates examined the pattern of genetic changes over three separate outbreaks in the 
United States. The nucleotide sequence from multiple isolates from the epidemics showed 
that each of the epidemics was caused by a single genotype. The genotype of CVB5 observed 
in the 1967 epidemic showed more similarity to the virus observed in the 1983 epidemic than 
to viruses isolated during the intervening years,*°? suggesting discontinuous transmission of 
epidemic CVB5 in the United States during this time. In an analogous manner, echovirus 30 
genotypes have demonstrated an overlapping succession among the isolates characterized in 
the United States.°°* More than one genotype may be found in certain periods, and the 
displaced genotype can be found in other parts of the world after isolations have ceased in the 
United States for many years. In studies of EV71 isolates, three distinct genotypes have been 
characterized.°’ Unlike the situation with echovirus 30 and more similar to the CVB5 
example, the transition from one genotype to another occurred during a single year, 1987, 
and the older genotype has not been isolated since in the United States despite isolation in 
other parts of the world. 


CLINICAL FEATURES 


Most EV infections are asymptomatic. On the other hand, these viruses can cause a spectrum 
of clinically distinct syndromes when they lead to disease. Tables 3.3, 3.4, 3.5, 3.6 list the 
prototype EV strains and the illness, if any, in the person from whom the prototype virus was 
isolated. Individual serotypes generally lead to varied symptomatology and disease 
processes. Similarly, individual clinical disorders can generally be caused by a number of 
different EVs. On occasion, however, particular syndromes are associated with specific EV 
(Table 3.7). For example, acute hemorrhagic conjunctivitis is usually caused by the CVA24 
variant or EV-D70. Acute flaccid paralysis (AFP) is usually caused by PV or EV-A71. The 
occasional isolates from cases of diabetes are usually CVB serotypes. 


TABLE 3.3 Enterovirus A (EV-A) 


—CVA2 Fleetwood Delaware Poliomyelitis AY421760 
| CVA3 “Olson New York Meningitis AY421761 
CVA4 High Point North Carolina Sewage of community with polio AY421762 
| CVAS Swartz New York Poliomyelitis AY421763 
CVA6 Gdula New York Meningitis AY421764 
| CVA7 Parker New York Meningitis AY421765 
CVA8 Donovan New York Poliomyelitis AY421766 
| CVA10 Kowalik New York Meningitis AY421767 
-CVAl2 Texas-12 Texas Files in community with polio AY421768 
| CVA14 G-14 South Africa None AY421769 
| CVA16 G-10 South Africa None U05876 
EV-A71 BrCr California Meningitis? U22521 
EV-A76 10226 France "Gastroenteritis AY697458 
EV-A89 10359 Bangladesh Acute flaccid paralysis AY697459 
| EV-A90 10399 Bangladesh Acute flaccid paralysis AY697460 
EV-A91 10406 Bangladesh Acute flaccid paralysis AY697461 
| EV-A114 11610 Bangladesh Acute flaccid paralysis KU355876 
| EV-A120 MAD-2741-11 Madagascar None LKO21688 
| EV-A121 V13-0682/IND/2013 India None KU787153 


“An identical strain was isolated from the brain of a fatal encephalitis case in the same local outbreak of central nervous 
system disease. 
NA, information not available. 


TABLE 3.4 Enterovirus B (EV-B)@ 


CVA? Bozek New York Meningitis D00627 


| CVB1 Conn-5 Connecticut Meningitis M16560 
cve2 Ohio-1 Ohio Summer grippe AF085363 
CVB3 Nancy Connecticut Minor febrile illness M16572 
-cVvB4 JVB New York Chest and abdominal pain X05690 
CVBS Faulkner Kentucky Mild paralytic disease with atrophy AF114383 
-CVB6 Schmidt Philippine Islands None AF105342 
zt Pamuk | Egypt Panc AF029859 
£2 Cornelis Connecticut Meningitis AY302545 
| E3 Morrisey Connecticut Meningitis AY302553 
E4 Pesascek Connecticut Meningitis AY302557 
E5 Noyce Maine Meningitis AF083069 
Eé D‘Amori Rhode Island Meningitis AY302558 
E7 Wallace Ohio None AY302559 
| E9 Hill Ohio None X84981 
E11 Gregory Ohio None X80059 
E12 Travis Philippine Islands None X79047 
£13 Del Carmen Philippine Islands None AY302539 
E14 Tow Rhode Island Meningitis AY302540 
E15 CH 96-51 West Virginia None AY302541 
E16 Harrington Massachusetts Meningitis AY302542 
| E17 CHHE-29 Mexico City None AY302543 
| E18 Metcalf Ohio Diarrhea AF317694 
| E19 Burke Ohio Diarrhea AY302544 
E20 JV-1 Washington, DC Fever AY302546 
E21 Farina Massachusetts Meningitis AY302547 
E24 DeCamp Ohio Diarrhea AY302548 
| E25 JV-4 Washington, DC Diarrhea AY302549 
| E26 Coronel Philippine Islands None AY302550 
| E27 Bacon Philippine Islands None AY302551 
| E29 JV-10 Washington, DC None AY302552 
£30 Bastianni New York Meningitis AF162711 
E31 Caldwell Kansas Meningitis AY302554 
E32 PR-10 Puerto Rico Meningitis AY302555 
E33 Toluca-3 Mexico None AY302556 
“EV-B69 Toluca-1 Mexico None AY302560 
"EV-B73 CAS5-1988 Califomia Unknown AF241359 
EV-B74 10213 Califomia Unknown AY556057 
_ EV-B75 10219 Oklahoma Unknown AY556070 
| EV-B77 CF496-99 France Unknown AJ493062 
EV-B78 W137-126/99 France Unknown AY208120 
_EV-B79 10384 California Unknown AY843297 
_ EV-B80 10387 California Unknown AY843298 
EV-B81 10389 California - Unknown AY843299 
_EV-B82 10390 Califormia Unknown AY843300 


EV-B83 10392 California Unknown AY843301 


EV-B84 10603 Céte d'Ivoire None DQ902712 
EV-B85 10353 Bangladesh Acute flaccid paralysis AY843303 
EV-B86 10354 Bangladesh "Acute flaccid paralysis AY843304 
EV-B87 10396 Bangladesh Acute flaccid paralysis AY843305 
EV-B88 10398 Bangladesh Acute flaccid paralysis AY843306 
_ EV-B93 38-03 DR Congo Acute flaccid paralysis EF127244 
EV-B97 10355 Bangladesh Acute flaccid paralysis AY843307 
" EV-B98 T92-1499 Thailand Gastroenteritis AB426608 
- EV-B100 10500 Bangladesh "Acute flaccid paralysis DOQ902713 
EV-B101 10361 Céte d'Ivoire None AY843308 
EV-B106 10634 Bangladesh Acute flaccid paralysis NA? 
EV-B107 TN94-0349 Thailand Gastroenteritis AB266609 
EV-B111 Q001 1/XZ/CHN/2000 China "Acute flaccid paralysis KF312882 


“Echovirus types 1 and 8 share antigens, type 1 having the broader spectrum. Type 10 was soon excluded from this group: 
it turned out to be a larger RNA virus and was reclassified as a prototypic reovirus. Type 28 was reclassified as rhinovirus 
type 1. Types 22 and 23 have been reclassified as members of the genus Parechovirus and are named parechoviruses 1 and 
2; these viruses along with Ljungan virus represent the only members of this new genus. Type 34, DN-19, is now 
considered a prime strain of CVA24, rather than a distinct echovirus. Additional newer serotypes (EV73 and higher) are 
proposed new types defined on the basis of genetic sequence information. 


NA, information not available. 


TABLE 3.5 Enterovirus C (EV-C) 


CVA1 Tompkins Coxsackie, NY Poliomyelitis AF499635 
CVA11 Belgium-1 Belgium Epidemic myalgia AF499636 
-CVAI3 Flores "Mexico None AF499637 
CVA17 G-12 South Africa None AF499639 
CVA19 NIH-8663 Japan Guillain-Barré syndrome AF499641 
-CVA20 IH-35 New York Infectious hepatitis AF499642 
CVA21 Kuykendall; Coe “California Poliomyelitis, mild respiratory diseases AF546702 
-CVA22 Chulman New York Vomiting and diarrhea AF499643 
CVA24 Joseph South Africa None D90457 
PV1 Brunhilde Maryland Paralytic poliomyelitis AY560657 
PV2 Lansing Michigan Fatal paralytic poliomyelitis AY082680 
PV3 Leon California Fatal paralytic poliomyelitis K01392 
EV-C96 10358 Bangladesh Acute flaccid paralysis EFO15886 
 EV-C99 10461 Bangladesh Acute flaccid paralysis EF555644 
| EV-C102 10424 Bangladesh Acute flaccid paralysis EF555645 
EV-C104 CL-1231094 Switzerland Acute respiratory illness EU840733 
EV-C105 TW/NTUO7 NA®* NA NA 
EV-C109 NICA08-4327 Nicaragua Acute respiratory illness GQ865517 
EV-C116 126/Russia/2010 Russia Gastroenteritis JQ446368 
EV-C117 LIT22 Lithuania Pneumonia JQ446368 
EV-C118 ISR10 Israel Acute otitis media and pneumonia JX961708 


NA, information not available. 


TABLE 3.6 Enterovirus D (EV-D) 
‘Type Prototype Strain Geographic Origin _ illness in Person with Prototype Accession Number _ 


_ EV-D68 Fermon California Lower respiratory illness AY426531 
EV-D70 J670/71 Japan and Singapore Acute hemorrhagic conjunctivitis p00820 
EV-D94 E210 Egypt Detected in sewage DQ916376 

_Ev-D111 KK2640 Cameroon None? JF416935 


"The prototype strain was detected in a chimpanzee, but another strain of EV111 was detected in a human with acute 
flaccid paralysis in Democratic Republic of the Congo. 


TABLE 3.7 Clinical syndromes associated with infections by enteroviruses 


| Polioviruses, types 1-3 
Paralysis (complete to slight muscle weakness) 
Aseptic meningitis 
Undifferentiated febrile illness, particularly during the summer 


Coxsackieviruses, group A, types 1-24 
Herpangina 
Acute lymphatic or nodular pharyngitis 
Aseptic meningitis 
Paralysis 
Exanthema 
Hand-foot-and-mouth disease (A10, A16) 
Pneumonitis of infants 
“Common cold” 
Hepatitis 
Infantile diarrhea 
Acute hemorrhagic conjunctivitis (type A24 variant) 


Coxsackieviruses, group B, types 1-6 
Pleurodynia 
Aseptic meningitis 
Paralysis (infrequently) 
Severe systemic infection in infants, meningoencephalitis, and 
myocarditis 
Pericarditis, myocarditis 
Upper respiratory illness and pneumonia 
Rash 
Hepatitis 
Undifferentiated febrile illness 


Echoviruses, types 1-33 
Aseptic meningitis 
Paralysis 
Encephalitis, ataxia, or Guillain-Barré syndrome 
Exanthema 
Respiratory disease 
Others: Diarrhea 
Pericarditis and myocarditis 
Hepatic disturbance 


Numbered enteroviruses? 
Pneumonia and bronchiolitis 
Acute hemorrhagic conjunctivitis (EV-D70) 
Paralysis (EV-D68, EV-A71)?° 
Meningoencephalitis (EV-D70, EV-A7 1) 
~ Hand-foot-and-mouth disease (EV-A71) 


“Since 1969, new enterovirus types have been assigned enterovirus type numbers rather than being subclassified as 
coxsackieviruses or echoviruses. The vernacular names of the previously identified enteroviruses have been retained. 


bNumerous additional types have been identified in stool from acute flaccid paralysis cases, but an etiologic link has not 
been confirmed. 


Poliomyelitis 


As is true for nonpolio EV, infection of most patients with PV does not result in disease or 
lead to any symptomatology. The most common symptomatic disease caused by PV, known 
as abortive poliomyelitis, is a mild febrile illness with or without gastrointestinal signs that 
occurs in 4% to 8% of individuals. The incubation period from infection to the onset of 
abortive poliomyelitis is usually 1 to 3 days, although symptoms can be seen as late as 5 days 
after infection. Less frequently, PV infection results in aseptic meningitis. This nonparalytic 
illness has the typical features of viral meningitis, with fever, headache, and meningeal signs 
but an absence of signs of CNS parenchymal involvement. The meningitis has a self-limited 
course and lasts for a few days to 2 weeks. 


On average, only about 1 in 200 PV infections in a fully susceptible population results in 
the paralytic disease known as poliomyelitis. The incubation period from infection to the 
onset of paralysis is usually 4 to 10 days, although it can be as short as 3 days or longer than 
a month. The paralysis generally occurs 2 to 5 days after headaches occur and peaks within a 
few days. Usually, a prodrome occurs with sensory complaints and shooting or aching pains 
in muscle. The muscle pains may reflect replication of the virus in this tissue, which is 
known to occur. In children, it can be seen as a biphasic or dromedary course of neurologic 
involvement, and paralysis can occur as the initial symptom. 


Paralysis is classified as either spinal or bulbar, depending on whether the spinal cord or 
brainstem, respectively, is involved. Not infrequently, the spinal form becomes associated 
with the bulbar form during the course of the disease, resulting in so-called bulbospinal polio. 
Spinal polio is usually asymmetric, flaccid, and limited to the extremities and trunk and 
varies from mild weakness to quadriplegia. Only about 10% to 15% of poliomyelitis cases 
are bulbar, a term indicating involvement of the motor cranial nerves or medullary centers 
controlling respiration and the vasomotor system. Involvement of cranial nerves IX and X, 
those most affected, leads to paralysis of the pharyngeal and laryngeal muscles with resultant 
difficulty swallowing and talking. Involvement of other cranial nerves can lead to weakness 
of the face (VII) and tongue (XII). Most dreaded is involvement of the brainstem reticular 
formation, resulting in respiratory compromise, potentially requiring ventilatory support. 
Also seen is autonomic involvement, which manifests as abnormalities of sweating, 
urination, defecation, and blood pressure control. Recovery can be delayed significantly. Not 
infrequently, one extremity is left severely weak and atrophic, with a relatively normal 
contralateral limb. 


The pathology of poliomyelitis is one of inflammation and destruction of the gray matter 
of the CNS, especially of the spinal cord. Motor neurons up and down the neuraxis can be 
infected, including upper motor neurons located rostrally in the brainstem and cerebral 


hemispheres in addition to the anterior horn lower motor neurons in the spinal cord. The 
widespread nature of the gray matter infection demonstrates that the disease is frequently a 
polioencephalomyelitis (i.e., inflammation of the gray matter of the brain and spinal cord) 
rather than merely a poliomyelitis (inflammation of the gray matter of the spinal cord). 
Interestingly, perivascular mononuclear inflammatory cells can persist for months, although 
virus is difficult to culture from the spinal cord after a week.*® Although the focus of 
pathology in the spinal cord is in the anterior horn, abnormalities also occur outside the 
motor system in the posterior horn and intermediolateral column. Similarly, the brainstem 
shows involvement of a number of sensory cranial nerve nuclei and of the reticular formation 
in addition to the motor cranial nerve nuclei. Neurons die with evidence of chromatolysis 
followed by neuronophagia. Investigations of CD155-transgenic mice have reported that 
spinal cord neurons die by apoptosis. !°° 


Poliomyelitis or AFP can occur as a result of infection with EV other than PV. EV-A71 
emerged an important virulent neurotropic EV during the poliomyelitis eradication period. 
This virus causes epidemics of poliomyelitis-type disease, including bulbar disease.?° In an 
EV-A71 epidemic in Bulgaria in 1975, a paralytic disease occurred in as many as 21% of 
approximately 700 patients, with a case fatality rate approaching 30%.*°’ EV-A71 is also 
associated with epidemic encephalitis and meningitis (see Clinical Features: Meningitis and 
Encephalitis). EV-D70, a cause of epidemics of acute hemorrhagic conjunctivitis, can lead to 
a severe and acute paralytic disease.°°* The incidence of paralysis is probably 1 of 10,000 
infections.2*° These patients can also have cranial nerve palsies, autonomic abnormalities, 
and sensory signs. Sometimes, EV-D70 infections cause isolated cranial nerve palsies, most 
commonly involving the facial nerve. The eye disease is usually spread by direct or indirect 
contamination of the eye rather than the fecal—oral route. Some echoviruses and 
coxsackieviruses have also been associated with AFP (e.g., CVA7).!74 


Postpolio Syndrome and Amyotrophic Lateral Sclerosis 


Patients with postpolio syndrome complain of new weakness, fatigue, and pain decades after 
paralytic poliomyelitis. One subgroup of this syndrome, called postpoliomyelitis progressive 
muscular atrophy, is an uncommon primary neurologic disorder manifested by slowly 
progressive atrophy of muscles with evidence of ongoing motor nerve damage.°® Some 
investigators have reported a persistent PV infection in the spinal fluid or CNS tissue from 
patients with postpoliomyelitis progressive muscular atrophy,°042093°°4064>4 but others have 
failed to confirm these findings.**”°°4° One of the groups that originally reported EV 
genome in patients with postpolio syndrome later claimed that both patients and controls had 
evidence of enteroviral genome in the CNS.*°’ Although the PV genome of a mouse-adapted 
mutant PV has been reported to persist at low levels following experimental infection of 
mice,!!® the only consistent evidence for persistent PV infection in humans has been found in 
individuals who are immunocompromised. We await more convincing data demonstrating 
that a persistent infection underlies the postpolio syndrome. 


The issue of whether PV can persist in postpoliomyelitis progressive muscular atrophy 
has raised questions about whether PV or another EV is involved in amyotrophic lateral 
sclerosis, a chronic progressive weakening disease of unknown cause associated with death 
of motor neurons. A possible role for EV in amyotrophic lateral sclerosis seems unlikely 
given the immunocompetence of these patients and the noninflammatory pathology of the 
disease. Although some studies have reported enteroviral genomic sequences in tissues of 
patients with amyotrophic lateral sclerosis and motor neuron diseases, a more investigation 
using a very sensitive molecular detection method failed to find evidence to support this 


hypothesis.?”° 


Acute Flaccid Myelitis 


Coincident with a large outbreak of EV-D68-associated severe respiratory illness in children 
in 2014, cases of what was later termed acute flaccid myelitis (AFM) were identified in 
multiple states.!°-4°! Since 2014, AFM case numbers have peaked every other year.*°? EV- 
D68 has been implicated in a number of AFM cases, but virus has not been consistently 
detected in sterile-site specimens and the prevalence of other enteroviruses in non-sterile-site 
specimens nearly equals that of EV-D68.°°"**! The clinical spectrum, epidemiology, possible 
mechanisms of pathogenesis of AFM, as well as the role of EV-D68 and other enteroviruses 
remain under investigation. 


Meningitis and Encephalitis 


Aseptic meningitis is a nonbacterial inflammation of the meninges associated with fever, 
headache, photophobia, and meningeal signs in the absence of signs of brain parenchymal 
involvement.*?” The syndrome is the most common CNS infection, with 7,000 cases of 
aseptic meningitis reported per year in the United States and an actual incidence believed to 
be 10-fold higher.*°° 

Enteroviruses are the main recognized cause of aseptic meningitis in both children and 
adults in developed countries. Enteroviruses were identified in 85% to 95% of cases in which 
a specific pathogen was cultured.**” In one study, 62% of infants less than 3 months of age 
with aseptic meningitis had CVB as the etiologic agent.*°° Of note, aseptic meningitis is the 
most common clinical syndrome caused by EV that results in medical attention. 

Enteroviruses should be suspected as the causative agent for aseptic meningitis occurring 
in the summer and fall in temperate zones. The seasonal increase in incidence of enteroviral 
aseptic meningitis is largely related to climate*?® and may result because the fecal—oral route 


of transmission is facilitated in warm periods when less clothing is worn.**? Fever is 
common in patients with EV-induced aseptic meningitis, as with most cases of aseptic 
meningitis. At times, the fever has a biphasic pattern, initially associated with constitutional 
symptoms and then retuming with meningeal signs. One may see nonneurologic 
abnormalities associated with enteroviral meningitis (e.g., rash), which may be helpful in the 


diagnosis and identification of the particular enteroviral serotype.*** For example, rashes 


have been associated with CNS disease caused by CVA5, CVA6, CVA9, and CVA16 and 
echoviruses 4, 6, 9, and 16. The rash associated with echovirus 9 meningitis can be petechial, 
resembling that seen with meningococcemia. 


Encephalitis signifies that the brain parenchyma is infected and is not infrequently 
associated with a disturbed state of consciousness, focal neurologic signs, and seizures. The 
distinction between aseptic meningitis and encephalitis is important because the absence of 
parenchymal involvement in aseptic meningitis suggests a more benign condition and more 
favorable prognosis. Encephalitis is usually associated with aseptic meningitis, usually 
resulting in a meningoencephalitis. 


Although a specific virus is not usually identified in most cases of encephalitis, and the 
number of cases in which an EV has been identified as the cause of encephalitis is low, EVs 
nevertheless rank second to herpes simplex virus and comparable to arboviruses as a 
recognized cause of encephalitis in the United States.!4+!°* The New York State Department 
of Health found evidence of EV genome by PCR in the spinal fluid of 3 of 41 cases of 
encephalitis over the period from July 1997 to November 19987!*; herpes simplex virus 
genome and arbovirus genome were each found in 5 cases. 


Patients with EV encephalitis usually have a global neurologic depression in function, 
although occasionally seen are focal neurologic signs, resembling herpes simplex virus 
encephalitis.°*+49 Cases associated with an acute cerebellar ataxia have been reported in 
children infected with various EVs, including PV, echoviruses 6 and 9, and coxsackieviruses 
A2 and A9.**? Other uncommon clinical manifestations reported include acute hemiplegia, 
opsoclonus—myoclonus, movement disorders, and Guillain-Barré syndrome.**° 


The meningeal syndrome is usually self-limited and benign, with evidence of 
improvement in days to a week. Deaths have been reported, however, following infection 
with a number of enteroviruses, including CVB1 and echoviruses 9, 17, and 21.**? Morbidity 
and mortality are also increased in the neonate. The neonate's disease tends to be especially 
severe when the disease appears soon after birth, perhaps reflecting perinatal spread of virus 
to the fetus from the mother, as discussed above. Mortality is increased in the neonate partly 
because the aseptic meningitis can be associated with systemic disease (e.g., hepatitis and 
myocarditis), as well as encephalitis. The largest study of recovered patients failed to find 
any neurodevelopmental abnormalities above levels seen in controls.**! 


Isolation of EV from CSF may be unsuccessful because a particular EV may grow poorly 
in cell culture or because inhibitory factors (e.g., neutralizing antibody) may be present in the 
spinal fluid. With the use of RI-PCR, EV genome may be found in a significant number of 
culture-negative spinal fluid samples from cases of aseptic meningitis. The potential 
usefulness of RI-PCR can be seen in a report of a Swiss epidemic of aseptic meningitis 
caused by echovirus 30, when the EV genome was identified using this technique in 42 of 50 


spinal fluid cultures (84%) that were negative for virus isolation.!°° 


In some areas of the world, epidemics of EV-A71%90.497°0936 have been associated with 
a high incidence of aseptic meningitis as well as CNS parenchymal involvement; the CNS 


infection has caused AFP as well as a more varied clinical symptomatology.**” As noted, EV- 
A71 is emerging as one of the most significant neurotropic EVs in some areas of the world. 
This virus circulates in the United States, and 26% of adults tested in a seroepidemiologic 
study in New York in 1972 had antibody.''* An epidemic of EV-A71 infection in 1998 in 
Taiwan caused frequent CNS disease and more than 100,000 reports of hand-foot-and-mouth 
disease or herpangina (see Respiratory Infections, Herpangina, and Hand-Foot-and-Mouth 
Disease), which may correspond to 1 million actual cases of EV infection.'%° The patients 
with hand-foot-and-mouth disease had vesicular lesions on their hands, feet, mouth, and, at 
times, buttocks, whereas the patients with herpangina had vesicular lesions of the palate and 
pharynx. Of special concern was the finding of 405 severe cases with associated 
complications, 78 of which were fatal. Among the more severe cases, the case fatality rate in 
different areas ranged from 7.7% to 31.0%. Most of the hospitalized cases (80%) and the 
deaths (91%) were in children younger than 5 years of age. The most frequent complication 
was encephalitis. Other serious complications, which were associated at times with 
encephalitis, included aseptic meningitis, myocarditis, and pulmonary edema and 
hemorrhage. It is unclear whether the pulmonary signs were related to viral invasion of the 
lungs or to brain injury from the viral encephalitis. 


A review!* of 41 hospitalized children with neurologic complications and culture- 
confirmed EV-A71 infection during the Taiwan epidemic in 1998 demonstrated an unusual 
and rather distinctive neurologic manifestation, brainstem encephalitis, or rhombencephalitis. 
The mean age of the 41 children was 2.5 years (with a range from 3 months to 8.2 years). 
There was frequently an associated condition: hand-foot-and-mouth disease in 68% or 
herpangina in 15%. The neurologic disease usually followed the initial illness of fever and 
skin or mucosal lesions, and it was manifested as rhombencephalitis (37 patients), aseptic 
meningitis (3 patients), and AFP (associated with the disease in 4 patients and following 
rhombencephalitis in 3 of the 4). At times, breathing difficulties and coma were seen in the 
patients with rhombencephalitis, progressing to death in 5 patients. The brainstem and spinal 
cord pathology was presumably related to direct viral injury, because virus was cultured from 
the spinal cord and brainstem of the 1 patient who underwent autopsy. Five of the patients 
who survived had neurologic sequelae. EV-A71 brainstem involvement was also seen during 
an epidemic in Malaysia in 1997, but not in earlier epidemics. In contrast, hand-foot-and- 
mouth disease and herpangina did not occur during the previous epidemics in Bulgaria and 
Hungary. It is not clear whether the changes in EV-A71 disease phenotype represent the 
emergence (or reemergence) of a more virulent strain or whether it is related to the serologic 
status of the at-risk populations. 


The presence of immunodeficiency predisposes to a syndrome of EV-induced aseptic 
meningitis or meningoencephalitis, at times producing a persistent CNS infection. McKinney 
et al.°°* reviewed more than 40 cases of chronic enteroviral meningoencephalitis in patients 
with congenital immunodeficiencies, most commonly X-linked agammaglobulinemia. 
Clinical features were remarkably varied and included headaches, seizures, ataxia, a 
disturbed state of consciousness, motor deficits, personality changes with cognitive decline, 
and sensory disturbances. At times, patients had other associated abnormalities, such as a 


dermatomyositis syndrome (in 21 of 41 patients; see Clinical Features, Muscle Disease), 
rashes (16 of 35 cases), edema (20 of 40 cases), and hepatitis (15 of 32 patients). Although 
some cases started abruptly, most tended to be slowly progressive, at times lasting years, and 
with a frequent fatal outcome. Most patients had a spinal fluid mononuclear cell pleocytosis 
with an increase in protein. Some cases at autopsy had evidence of inflammatory infiltrates in 
the heart, lungs, kidneys, adrenal glands, thyroid, and pancreas, in addition to the CNS. 
Immunosuppression of B-cell function with monoclonal antibody drugs can also lead to 
chronic enteroviral infection, with potentially serious consequences.!’! 


Cardiac Disease 


Myocarditis is an inflammation of the myocardium associated with damage that is unrelated 
to an ischemic injury. Myocarditis is frequently self-limited and subclinical, with few if any 
sequelae. On the other hand, the acute disease can lead to significant morbidity and even 
death. On the basis of well-established criteria, one study found evidence of myocarditis in 


approximately 1% of autopsies.!®° 


In some cases, myocardial inflammation may persist, producing a chronic myocarditis 
that can progress to DCM.’°*°:452 In DCM, the heart is enlarged, with impaired function and 
evidence of heart failure but with little or no inflammation. The incidence of DCM in the 
United States has been reported to be 6 per 100,000 cases,”° with approximately 100,000 new 
cases each year. Because of the high mortality of DCM, patients are frequent recipients of 
heart transplants, making up perhaps 50% of all cardiac transplant patients. Of note is the 
observation that nonpolio EVs, especially CVB3, cause acute and chronic myocarditis in 
experimental animals and that a contribution from the immune system to the chronic disease 
has been proposed (see Pathogenesis). 


Acute Cardiac Disease 


CVB has long been considered one of the principal causes of viral myocarditis‘”° and this 


view has been confirmed in several recent reports.!?:!29324376328 Epidemiological and other 
studies suggest that 70% of the general public will be exposed to cardiotropic viruses and 
half of these individuals will develop acute viral myocarditis.*”° It is believed that 1.5% of 
enteroviral infections, including 3.2% of CVB infections, result in overt cardiac signs or 
symptoms.!’* Myocarditis is a frequent autopsy finding in children who die of overwhelming 
CV infection.*°> The peak age group in which myocarditis caused by coxsackieviruses of the 
B group occurs is young adults, primarily between the ages of 20 and 39 years, with a higher 
prevalence among men.°*! 

However, even the larger group of symptom-free individuals are at risk; collapse and 
death of young and vigorous individuals, especially during exertion, can result from 
catastrophic dysfunction of the electrical pathways in the heart, as a consequence of 


unsuspected acute viral myocarditis.°%°°9 A remarkably high prevalence of asymptomatic 
myocarditis has been shown by necropsy studies of victims of violent or accidental deaths; in 


this relatively random human population, approximately 1% had active myocarditis.1©° 


A summary of data from varied sources shows that the prevalence of enteroviral infection 
in acute myocarditis on the basis of serologic studies is 34% (214 positives in 636 patients) 
compared with 4% (44 of 1,139) of controls (199). However, these serologic studies 
demonstrating seroconversion with an EV do not prove that EV caused the cardiomyopathy, 
as they may result merely from an unrelated EV infection. In addition, evidence suggests that 
multiple EV can circulate at the time of an epidemic, so that isolation of an EV does not 
prove its role in a disease; for example, more than 10 EVs were recovered from the 


community during an echovirus 9 epidemic.**° 


A meta-analysis of data obtained from molecular studies (slot blot hybridization, in situ 
hybridization, and RT-PCR) published in 12 reports found 23% of cases (68 of 289) and 6% 
of controls (14 of 216) had evidence of EV genome in heart tissue, giving an odds ratio of 4.4 
with a 95% confidence interval of 2.4 to 8.2.°° These data, coupled with reports of positive 
virus isolations from the heart, indicate that EV may represent a common cause of acute 
myocarditis. The surprisingly large number of positive findings in controls is presumed to 
result from difficulties in obtaining appropriately controlled heart tissue. 


Chronic Cardiac Disease 


Human DCM has multiple causes, both inherited and sporadic. A prior history of enteroviral 
infection of the heart, especially with CVB, has been implicated in sporadic human 
DCM.°*!4°7 Although the majority of patients with symptoms recover well from acute 
myocarditis, the disease can have serious long-term sequelae; some 10% to 20% of people 
with symptoms (i.e., ~20,000—40,000 patients per year in the United States) will develop 
chronic disease, progressing over time to DCM.°7°4°4 A summary of serologic data from 
multiple sources found that the prevalence of EV in DCM was 25% (64 of 260) compared to 
10% of controls (26 of 255).°°! These serologic data suffer from the same drawbacks that are 
noted above. 


In contrast to acute myocarditis, no reports are found of isolation of EV from chronic 
DCM, suggesting that the virus may have a restricted expression or disappear following the 
acute infection; however, some reports exist of EV VP1 antigen in the heart of patients with 
DCM and chronic coronary disease.!® 


The difficulty in isolating infectious virus led to studies probing affected tissues for 
persistent enteroviral genome. A meta-analysis of data from molecular studies described in 
17 published reports found 23% of the patients and 7% of controls had evidence of 
enteroviral genome, giving an odds ratio of 3.8 with a 95% confidence interval of 2.1 to 
4.6.°° The meta-analysis data support an association between EV infection and chronic 
cardiac disease; however, it remains a possibility that RNA from other laboratory-based 
enteroviral studies contaminated test samples in the highly sensitive PCR studies. Most of the 
hybridization and PCR studies did not include sequencing of the viral genome and, therefore, 
failed to prove more directly that an EV was involved. In a few cases, however, partial 


sequencing was done of the RNA found in clinical samples; for example, Archard et al.*° 
identified the amplified sequence as CVB. One proposed mechanism of viral persistence in 
chronic cardiomyopathies is 5'-terminal deletion of the genome, leading to chronic, low-level 


expression.?»7° 


Not all the viral genomic studies have been positive. One investigation involving a nested 
PCR failed to find evidence of EV RNA in 287 heart biopsy specimens from 38 patients with 
DCM and 39 patients with heart failure of unknown cause.'!! At least two other studies have 
also resulted in negative findings.°°°-°? The lack of consistent, reproducible results regarding 
the presence of enteroviral genome in tissue from patients with cardiomyopathy indicates that 
further studies are needed under careful, blinded conditions. 


Muscle Disease Including Pleurodynia 


The relationship of EV to inflammatory muscle diseases was initially recognized because of 
the myotropism of coxsackieviruses in suckling mice. This observation was fueled by the 
association of these viruses with epidemic pleurodynia on the Danish island of Bornholm. 
The latter disease, called Bornholm disease, is an acute febrile illness with myalgia, 
especially involving the chest and abdomen, but without muscle weakness. It has occurred as 
an epidemic and also sporadically in various locales. Relapses can occur. CVB3 and CVB5 
are the most frequently recognized causative agents, although other EVs have also been 
isolated.°*” The limited information from muscle biopsy findings suggests that the 
inflammation in this disease may be confined to the endomysial part of the muscle and, 


therefore, is not a true myositis. !°° 


Enteroviruses have been implicated in acute and chronic inflammatory muscle disease. 
The acute diseases, which are usually called acute polymyositis or myositis, are characterized 
by fever with myalgia, elevated muscle enzymes, and, at times, myoglobinuria. Chronic 
inflammatory muscle diseases, which are generally classified as polymyositis, 
dermatomyositis, or inclusion body myositis, have a subacute to chronic progressive 
weakness with a distinctive pathology on muscle biopsy. Dermatomyositis is distinguished 
from the other two inflammatory myopathies because it is associated with a characteristic 
rash. 


The causes of chronic inflammatory myopathy are generally unknown. Hypotheses 
concerning the etiology of polymyositis and dermatomyositis include a direct virus infection, 
especially an EV infection, or an autoimmune process in which the virus infection triggers a 
reaction against muscle (see Pathogenesis). That coxsackieviruses cause acute and chronic 
inflammatory myopathy in experimental animals provides additional support for their 
involvement in human inflammatory muscle diseases. Investigations of these model systems 
may help clarify the pathogenesis of these diseases in humans. 


Enteroviruses have been isolated from cases of inflammatory myopathies, but these 
isolations have generally been rare and from single cases with acute*? or atypical clinical 
pictures.*”° The inability to isolate virus from cases of chronic inflammatory myopathy has 


raised the possibility of a restricted expression of the virus with little infectious virus present. 
For this reason, investigators have probed muscle tissue from patients with inflammatory 
myopathy for picornaviral genome. Some reports involving slot blot or in situ hybridization 
studies of muscle tissues from patients with inflammatory myopathies have shown positive 
results using EV-specific probes.°** In some cases, the product amplified in a RT-PCR has 
been identified as CV group B sequence.** In contrast, other studies using RT-PCR and 
nucleic acid hybridization have found negative results.°0?°°7.40! Tt remains a possibility that 
an EV could trigger an autoimmune inflammatory muscle disease and then disappear. Studies 
regarding the possible role of EV in chronic fatigue syndrome have similarly failed to find 
reproducible evidence of EV involvement.!°° 


Of special interest with respect to the issue of EV involvement in inflammatory muscle 
disease is the observation that patients with immunodeficient states can manifest a disease 
similar to dermatomyositis with an accompanying persistent echovirus infection.°0*°!° It 
should be noted, however, that questions have been raised whether these patients had a true 
myositis (i.e., inflammation of the muscle) or a fasciitis with interstitial inflammation in the 
endomysium.!°° The inflammatory muscle disease is associated with a chronic 
encephalomyelitis as well as a more disseminated disease in which EV, especially 
echoviruses, can be cultured from the spinal fluid (see Clinical Features: Meningitis and 
Encephalitis).°°* Although virus has occasionally been isolated from affected muscle, it 
remains unclear whether the dermatomyositis syndrome in patients who are immunodeficient 
is a result of direct virus invasion of the muscle or an immune-mediated disease associated 
with virus persistence. The existence of this syndrome similar to dermatomyositis 
demonstrates that echoviruses, and perhaps other EVs, can produce a chronic myositis in 
humans that is associated with persistent infection and chronic inflammation. 


Diabetes 


Both genetic and environmental factors, including EV infection, have been implicated in the 
cause of insulin-dependent diabetes (type 1 diabetes, T1D). A number of epidemiologic and 
serologic studies have demonstrated a relationship between EV infection and the 
development of diabetes. D'Alessio!°° found that 15 of 84 cases (17.8%) of newly diagnosed 
T1D patients had evidence of IgM antibody against CVB, compared with 5 of 71 controls 
(7.0%). The individuals with IgM antibody were especially common in association with HLA 
antigen-DR3 positivity. A prospective study in Finland found a greater incidence of 
seroconversion of EV antibodies among children who developed T1D than among those who 
did not.*°! The antibody present in the prediabetic period was directed against a number of 


different EV serotypes, including CVA9, CVB1, CVB2, CVB3, and CVB5.*°° At times, the 
EV antibodies are associated with autoantibodies to GADg. and other important targets. 


Rare, but well-documented, isolations of CVB4 have come from the pancreas of patients 


with acute-onset as well as fatal cases of insulin-dependent diabetes.*!”*** Some of the 
isolates have been demonstrated to be diabetogenic when inoculated into certain mouse 


strains°*? and nonhuman primates.°*! Patients dying from coxsackieviral myocarditis can 


have an associated pancreatitis, including islitis. More recent investigations have involved 
probing tissues from patients for evidence of EV genome. An in situ hybridization study 
showed evidence of EV genome: in the islets of autopsy pancreases from 7 of 12 newborn 
infants who died of fulminant CV infection (and 6 of the 7 had islitis), in the islets of autopsy 
pancreases of 4 of 65 adults with T1D, and in 1 of the pancreatic control tissues from 40 
nondiabetic patients.°°° 


Although it is likely that EVs are capable of causing diabetes mellitus in animals and 
humans, it remains unclear how often this occurs in humans and what if any immune 
mechanisms are involved. 


Several studies have implicated antibody or T-cell cross-reactivity between CVB and 
host proteins to explain many of the observed correlations./2%7!7218:364,565.432 However, in 
vivo mouse studies appeared to clarify these seeming discrepancies and suggested that virus- 
mediated damage and inflammation were directly responsible for CVB-induced T1D.*!° 
Pancreatic tissues from three of six T1D patients were found to contain CVB4-infected 6 
cells, which was isolated and could infect 6 cells from normal patient samples (Dotta, 2007). 
Some studies have even suggested that in utero infection with CVB predisposes the fetus to 
the eventual development of T1D postnatally.°° 


In addition to direct infection, the innate immune system also may play a role in EV- 
induced T1D (recently reviewed by Rodriguez-Calvo [Rodriguez-Calvo, 2019]). Human 
genome-wide analyses for nonsynonymous SNPs between healthy individuals and T1D 
patients identified the double-stranded RNA sensor melanoma differentiation—associated 
protein 5 (MDAS) as a T1D susceptibility locus.*°* MDAS5 has been proposed to act as a key 
host sensor of CVB infection.°°’ Consistent with a role for innate immune-mediated antiviral 
signaling in CVB-induced diabetes in a mouse model, f cells lacking functional type I IFN 
signaling through genetic deletion of the IFN-a receptor enhance CVB4-induced infection 
and T1D.!*° 


However, despite many years of study, a causal role for CVB (or any EV) in T1D has not 
been directly demonstrated in humans, and the issue remains controversial. It is possible that, 
as has been proposed for pancreatitis, EVs are a cofactor in T1D, very rarely initiating 
disease in healthy islets, but tipping the balance in individuals who—unbeknownst to them— 
have ongoing islet inflammation and are in a prediabetic status. 


Eye Infections 


Acute hemorrhagic conjunctivitis is characterized by a short incubation period of 24 to 48 
hours preceding a rapid onset of uniocular or binocular symptoms and signs. Patients 
manifest excessive lacrimation, pain, periorbital swelling, and redness of the conjunctiva 
(from subconjunctival petechiae to frank hemorrhages).°°’ Keratitis with accompanying pain 
and possible visual impairment as well as anterior uveitis may be seen. The epidemic disease 
can also be associated with nonophthalmic symptoms and signs, such as neurologic 


dysfunction (see Clinical Features) and respiratory and gastrointestinal disturbances. The 
disease usually resolves without sequelae in 1 to 2 weeks. 


The first pandemic of acute hemorrhagic conjunctivitis was recognized in 1969 in Africa. 
Within 2 years, two EVs, a new antigenic variant of CVA24 and a previously unknown EV 
serotype designated EV70 (now EV-D70), were implicated as causative agents responsible 
for the epidemics of this disease.°°? During the first pandemic from 1969 to 1971, hundreds 
of millions of people were likely to have been infected. Subsequent epidemics of acute 
hemorrhagic conjunctivitis have continued in various locations throughout the world. Other 
EVs have also been recognized as causes of acute hemorrhagic conjunctivitis (e.g., echovirus 
type 7)** and as causes of sporadic conjunctivitis and keratoconjunctivitis.°! The ocular 
disease caused by EV is often indistinguishable from acute hemorrhagic conjunctivitis caused 
by various adenovirus serotypes. 


Respiratory Infections 


Enteroviruses are a common cause of respiratory illnesses. Enteroviruses were isolated in 
1.7% of 3,119 respiratory specimens submitted for viral culture from 1983 to 1994°° and 
constituted 6.4% of all the viruses that were isolated from these specimens (54 of 838). 
Respiratory illness occurred in 15% of EV infections collected by the WHO from 1967 to 
1974'’* and 21% of cases from the CDC obtained from 1970 to 1979.*° The EV implicated 
in these respiratory infections included CVA (12.4%), CVB (20.3%), and echoviruses 
(12.6%).172 


Enteroviral respiratory infections are more frequently associated with upper respiratory 
infections (e.g., the common cold, croup, and epiglottitis) than with lower respiratory 
infections (e.g., pneumonia). The infections are frequently subclinical, but if they cause 
clinical disease, it tends to be self-limited and mild, with a short incubation period of 1 to 3 
days. More severe lower respiratory infections may be related to a higher dose of virus in the 
inoculum. In a series of infants with CVB infections, 30 of 77 patients had marked 
abnormalities (e.g., interstitial inflammation and hemorrhage), and 12 had virus isolated from 
the lung.*°° 


EV-D68 was originally isolated in 1962 from children with bronchitis, bronchiolitis, and 
pneumonia in California.“*” Since then, it had been detected sporadically in the United States 
and elsewhere,”’° with small outbreaks identified. In the summer and fall of 2014, the largest 
recorded outbreak of acute respiratory illness due to EV-D68 occurred across the United 
States, with over 1,100 virologically confirmed cases from August through December, with 
the vast majority of cases occurring among children.**° Since 2014, outbreaks of acute 
respiratory illness associated with EV-D68 have been identified globally.*°* Dyspnea, cough, 
and wheezing are some of the more prominent symptoms and patients with asthma were 
disproportionately affected. A high proportion of patients have been admitted to intensive 
care units and have required ventilator support.°*° 


Herpangina and Hand-Foot-and-Mouth Disease 


Herpangina is a febrile illness of relatively sudden onset with complaints of fever and sore 
throat. Characteristic lesions are found on the anterior tonsillar pillars, soft palate, uvula, and 
tonsils and on the posterior pharynx. The illness, which has a predilection for the young, is 
usually self-limited and disappears within a few days. At times, the disease is associated with 
more significant clinical abnormalities (e.g., meningitis). Hand-foot-and-mouth disease is an 
illness associated with vesicular lesions of the hands, feet, mouth, and, at times, buttocks. 


A number of EVs have been identified as causes for herpangina, including CVA and CVB 
serotypes; echovirus types 6, 9, 11, 16, 17, 22, and 25°6- and EV-A71. The main causes of 
hand-foot-and-mouth disease are CVA10 and CVA16 and EV-A71,!”* though CVA6 has 


recently emerged as a frequent cause, with cases also occurring in adults.4*!4 Most of the 
affected adults are parents or caregivers of young children. The pathogenesis of the lesions 
seen in herpangina is not clear; however, experimental infection of rhesus monkeys with 
CVA4 may provide a model system for the study of the pathogenesis of herpangina. In this 
system, ingestion of the virus by the oral route leads to multiplication in the lower 
gastrointestinal tract, followed by viremia, and then multiplication in the oropharynx.4™ 


Neonate and Infant Disease 


Neonates are at increased risk from enteroviral infections. This increased susceptibility is 
present in humans as well as experimental animals infected with varied EV.°® Enteroviruses 
are among the most common sources of viral nosocomial infections in neonatal intensive 
care units (NICUs) and might account for as much as 15% of these infections.” 


The increased risk of neonates to EV infection was apparent in the prevaccine era with 
respect to PV. Although the incidence of paralytic disease among neonates approached 40% 
in those born to mothers with poliomyelitis at the time of delivery, the overall incidence of 
neonatal poliomyelitis was an infrequent occurrence, perhaps related to the protective effect 
of maternal antibody.°*® Neonatal poliomyelitis generally had a shorter incubation period and 
a higher case fatality rate than found with disease later in life, demonstrating the increased 
susceptibility of immature hosts to EV infection. Infection of the mother early in gestation 
was associated with an increased risk of abortion, stillbirth, and prematurity.°® 


Nonpolio EV is a not infrequent cause of infection in neonates and infants. In a series 
from the CDC, EV isolates from patients less than 2 months of age included echoviruses 
(51%), CVB (45%), and CVA (4%).°°? Echovirus serotypes included 4, 9, 11, 17 to 20, 22 
(now classified as HPeV1), and 31. A similar wide range of EV types was identified in a later 
review of CDC EV surveillance data for the period 1983—2003.*”2 CVB1 to CVB4, E11, and 
E25 were significantly more common, whereas CVA16, E4, E9, E21, E30, and human 
parechovirus 1 (now termed PeV-A1) were less common among neonates than among 
persons aged >1 month. 


The most frequent presentation in the neonate with nonpolio EV is asymptomatic 


infection.**! Symptomatic cases most commonly manifest a self-contained febrile illness, at 
times associated with irritability and nonspecific signs of infection, making EV infection a 
leading cause of fever in the infant. A rash of variable character is seen in more than 30% of 
cases.° More serious infections can be seen, with the peak of symptoms correlating with 
viremia.!°* Nonpolio EVs are the most frequently identified cause of aseptic meningitis in 
infants less than a month of age and are believed responsible for more than a third of these 
cases.*°© An increased susceptibility of the neonatal CNS to CVB infection may be related to 
the virus' predilection for neonatal stem cells and the ability of the virus to damage these 
cells.!°822* In a small series of patients with pneumonia in the first month of life, EVs were 
implicated in 15% of cases (6 of 40).’ Usually, the mother has a history of fever or 
respiratory symptoms a week before the delivery, although mothers can be asymptomatic or 
have a more severe disease. 


One of the serious infections caused by EV is a sepsis-like disease. In one series, EVs 
were implicated in 65% of infants less than 3 months of age admitted to the hospital for 
suspected sepsis.!°° In another series, evidence was seen of enteroviral genome in 80 of 345 
infants less than 90 days of age admitted to a medical center with suspected sepsis. A 
number of other studies have yielded similar results, emphasizing the importance of EV as a 
cause for a sepsis-like syndrome among neonates and infants.!°* In fact, EVs tend to be a 
more common cause of this syndrome than bacteria in the summer and fall.°° There may be 
extensive multiorgan involvement in severely affected cases, especially ones that go on toa 
fatal outcome; the organs affected include the liver, lung, heart, pancreas, and brain. 


The incidence and severity of EV infections among infants can be better appreciated by 
reviewing a study conducted in Nassau County, New York, from 1970 to 1979.*°° Of 
153,250 live births, 77 infants younger than 3 months required hospitalization for CVB 
infection. These 77 cases were from a pool of 602 infants who tested positive for CVB, 
demonstrating the high frequency of CVB infection in infants. The attack rate might have 
been even higher than was found, because the positive samples from this study were from 
only a limited number of infants hospitalized in the community. A total of 24 mothers had 
evidence of a viral-like infection occurring within a period from 10 days before delivery to 5 
days after delivery. The most common syndrome that was seen was aseptic meningitis. Some 
of the infections in the infants were very serious, as evidenced by the finding that eight 
children died from overwhelming CVB infection. All but one of these eight had evidence of 
myocarditis. 


Severe EV disease in the young is associated with an early age of illness, prematurity, a 
more severe illness in the mother, multiorgan disease, low socioeconomic status, bottle- 


feeding, specific EV types, and an absence of neutralizing antibody to the pathogen.° The 
level of maternal neutralizing antibody appears to be important both for determining the risk 


of developing infection and for modulating disease severity.® Long-term sequelae following 
neonatal myocarditis or CNS infection appear infrequent.°*?° 


As discussed above, nonpolio enteroviral infection can affect the fetus, inducing clinical 


abnormalities and causing overt disease in the neonate. Reports exist of abortion and stillbirth 
associated with maternal EV infections, although these are infrequent. The relationship 
between maternal EV infection and congenital anomalies in the newborn remains unclear. 


A number of routes exist by which EV can cause neonatal disease. Studies have found 
evidence of placentitis and viral infection in fetal tissues.° This would suggest that virus 
could be vertically transmitted from an infected mother to the fetus through the placenta, 
which forms the sole interface between the maternal and fetal compartments during 
pregnancy. No studies have investigated the ability of EV to infect placental tissue, but CVB 
can enter into primary human placental cells.''° During delivery, virus could transmit to the 
neonate through feces or vaginal secretions. Infection can also occur from virus shed by other 
neonates or hospital staff in the nursery. In cases involving nursery outbreaks, 
implementation of infection controls (e.g., strict hand washing and the isolation of affected 
patients) has a role in prevention of new cases. 


DIAGNOSIS 


Differential and Presumptive Diagnosis 


The process of diagnosing an EV infection or establishing that an EV infection produced a 
particular clinical syndrome can be complicated and challenging. This problem results from 
the biology and epidemiology of EV infections, as well as from limitations in current 
diagnostic methodologies. Although it is possible to demonstrate that a person is infected 
with an EV, this association does not necessarily prove likely disease causation. On the other 
hand, a presumptive diagnosis in certain epidemiologic and clinical situations can be possible 
with a high degree of certainty on clinical grounds alone. 


Several related biologic properties complicate the diagnosis of EV-induced disease. The 
first is that most virus replication and infection typically occur in the respiratory and 
gastrointestinal tract. These infections are often asymptomatic, with few if any systemic 
clinical signs. Because these infections are extremely common, even random sampling of 
healthy individuals can demonstrate EV infections at substantial rates. For this reason, the 
simple recovery or detection of virus from certain nonsterile sites does not establish a firm 
linkage to disease, and it may be merely coincidental. 


A second difficulty is that even when illness results from the EV infection, most of the 
signs and symptoms are relatively generic and usually lack specificity. The collection of 
appropriate clinical specimens for detection is critical to laboratory confirmation of EV 
infection. For example, the exclusive use of CNS specimens to diagnose meningitis and 
encephalitis limits the sensitivity for detection of infection. While it is possible to detect EV 
in the CSF from meningitis cases, it is uncommon to find virus in the CSF from cases of 
encephalitis wherein is seen a reasonable suspicion of EV as the cause; in other cases, the 
virus can be readily recovered from CSF, such as during the recent outbreaks of fatal EV71 


encephalitis.*! In general, however, the specimen with the highest sensitivity for establishing 


an acute infection is a stool specimen, regardless of clinical presentation,**° followed by 
respiratory tract specimens. The difficulty with virus detection in some clinical conditions 
may be further compounded because virus shedding from the gastrointestinal and respiratory 
tracts may stop before the onset of symptoms, and, therefore, sensitivity for virus detection 
may be lower. 


Sometimes, a presumptive diagnosis can be made on the basis of limited information 
because of the pronounced seasonality of EV infection in temperate latitudes and the 
tendency for EV to cause community outbreaks. For example, cases of aseptic meningitis 
occurring during the late summer and early autumn have a high probability of EV etiology. In 
this situation, a presumptive diagnosis of an EV infection could be made on the basis of signs 
and symptoms, exclusion of other nonviral pathogens, and detection in a specimen from 
some nonsterile site. Another example pertains to epidemic acute hemorrhagic conjunctivitis; 
in this case, the identification of an EV (either CVA24 variant or EV70) from a small number 
of patients precludes the need for further testing of specimens from other patients in that 
community with similar symptoms. 


Laboratory Diagnosis 


Molecular detection 


The application of molecular biology techniques to clinical virology has significantly 
changed approaches to EV diagnostics (see Epidemiology). Because of distinct advantages in 
speed, many of these procedures have supplanted traditional methods of detection and 
characterization such as virus isolation in cell culture. As with virus isolation and serotyping, 
the molecular methods attempt to detect the presence of EV in a specimen and, in some 
procedures, to further characterize the detected virus. The techniques can be grouped on the 
basis of their infrastructure and technical requirements and the types of specimens to which 
they are applicable. The most commonly used tests are based on the PCR, which is used 
primarily to detect EV genome in cell cultures, clinical specimens, and biopsy or autopsy 
tissues. 18°380.523 Additional procedures utilize genomic sequencing for the characterization 
of EV at the highest levels of specificity. 


By far the most common use of PCR for EV diagnosis is the direct detection of virus in 
clinical specimens.*?7°”7°°494 Numerous variations on the details of the procedures are 
found, but all methods that can generically detect EV have several common features. The 
most important property of these tests is that the primers are targeted to amplify the 5'-UTR 
of the virus genome. Several pan-EV real-time RT-PCR assays have been licensed for use in 
various countries, either as stand-alone assays or as part of a syndrome-specific 
multipathogen panel. The major advantage of the pan-EV PCR is that rapid detection of an 
EV is possible, even with very small amounts of clinical specimens such as spinal fluid. It is 
also possible to detect EVs that do not readily grow in cell culture. As with all PCR, the 
sensitivity of amplification of RNA from biologic specimens is extremely variable, 
depending on the nature of the specimen (e.g., stool).4’4 Because of high-sequence 


conservation among enteroviruses and rhinoviruses in the 5’-UTR target sites, many “pan- 
EV” PCR assays cross-react with rhinoviruses,!®*°° though careful primer and probe 
selection can minimize this effect.2°®°!9°9 Some commercial take advantage of the cross- 
reactivity to broaden the specificity of detection in respiratory samples, labeling the result 
“RV/EV-positive.” A recent meta-analysis showed that empirical EV testing in febrile infants 
could reduce hospital costs and length of stay in the absence of a positive test for other 
causes of the illness (e.g., if blood cultures and other molecular tests are all negative).°°° 


By changing the target for amplification, it is possible to characterize a particular EV 
using the PCR. Because the antigenic property of viruses that defines serotype is a property 
of the viral capsid proteins, certain sequences correspond to this conserved antigenic property 
within the capsid-coding region of the virus. Extensive studies of the capsid region of PV 
isolates have led to the design of primers that can selectively amplify isolates from a single 
serotype but not from other isolates of heterologous serotypes.*”° This is accomplished, 
despite the high rate of synonymous nucleotide substitutions, through the use of inosine in 
the primer synthesis. In an analogous manner, the ability of PV to uniquely bind to the 
CD155 is also an intrinsic property of the capsid proteins. The amino acids that are involved 
in receptor binding have been well characterized from studies of the three-dimensional 
structure of the virion. When primers are designed that correspond to these presumably PV- 
specific sequences, amplification is observed with all PV isolates but not with other EVs.*”4 
It has been possible to extend these principles to other EV receptor groups and serotypes and 
to provide tools for rapid serotype characterization of EV without the requirement for cell 
culture procedures. 


A goal in virus identification is knowledge of the sequence of the viral genome. Encoded 
within this sequence are determinants for all the biologic properties that are attributable to a 
given virus. Therefore, the nucleic acid sequence information of a virus represents its 
ultimate characterization. All important information about a virus could potentially be 
obtained directly by PCR in conjunction with nucleic acid sequencing if all the molecular 
correlates of viral phenotypic determinants were understood. At present, however, the genetic 
location for many properties of the virus remains uncertain. Nevertheless, it is possible at 


present to use sequence information to assign an EV isolate to a particular serotype.?’**°°, 


384, 385,523 The molecular typing system is based on RT-PCR and nucleotide sequencing of all 
or a portion of the genomic region encoding VP1. The serotype of an unknown isolate is 
inferred by comparison of the VP1 sequence with a database containing VP1 sequences for 
the prototype and variant strains of all human EV serotypes. The following guidelines have 
been suggested: 


“(i) a partial or complete VP1 nucleotide sequence identity of >75% (>85% amino acid identity) 
between a clinical EV isolate and serotype prototype strain may be used to establish the serotype of 
the isolate, on the provision that the second highest score is <70%; (ii) a best-match nucleotide 
sequence identity of <70% may indicate that the isolate represents an unknown (that is, new) 
serotype, and (iii) a sequence identity between 70% and 75% indicates that further characterization 


is required before the isolate can be identified firmly.”2°7 


Using these guidelines, strains of homologous serotypes can be easily discriminated from 
heterologous serotypes and new serotypes can be identified. This method can greatly reduce 
the time required to type an EV isolate and can be used to type isolates that are difficult or 
impossible to type using standard immunologic reagents. The technique is also useful to 
rapidly determine whether viruses isolated during an outbreak are epidemiologically related. 


Virus isolation 


Many of the detailed procedures for the established laboratory diagnosis of EV infections 
using virus isolation have been described.'®® The traditional techniques for detecting and 
characterizing EV rely on the time-consuming and labor-intensive procedures of viral 
isolation in cell culture and neutralization by reference antisera. Isolation of EV from 
specimens using appropriate cultured cell lines is often possible within 2 or 3 days and 
remains a very sensitive method for detecting these viruses. The best specimens for isolation 
of virus are, in order of preference, stool specimens or rectal swabs, throat swabs or 
washings, and CSF. Throat swabs or washings and CSF are most likely to yield virus isolates 
if they are obtained early in the acute phase of the illness. For cases of acute hemorrhagic 
conjunctivitis, the best specimens are conjunctival swabs,”°’ although occasionally virus can 
be isolated from tears.°°° Since the major pandemic in 1981, however, isolation of EV-D70 
from patients with acute hemorrhagic conjunctivitis has been very difficult, and molecular 
methods provide the only sensitive method to detect this agent.4°° 


The procedure for virus isolation involves inoculation of appropriate specimens onto 
susceptible cultured cells. No single cell line exists that is capable of growing all human 
enteroviruses. It is common practice to use several types of human and primate cells to 
increase the spectrum of viruses that can be detected.®” Even with a variety of cells, however, 
several CVA serotypes fail to propagate in culture. The coxsackieviruses, including those that 
do not grow in cell culture, can be isolated and propagated in suckling mice. 


As a consequence of current PV eradication activities and the importance of PV as a 
public health problem, specific diagnostic procedures have been developed to detect this 
virus. In general, PV grows well on a variety of primate and human cell culture lines, but it 
cannot be distinguished from other EVs solely on the basis of cytopathic effect. Polioviruses 
are unique in the use of CD155, which is distinct from receptors used by all other EVs to 
infect cells. This receptor has been transfected and expressed in a murine cell line that 
normally cannot be infected by most EV but is permissive to viral replication when the viral 
genome is present within the cell. One of these stably transfected murine cells, L20B, can 
grow PV and has been exploited selectively to isolate PV, even in the presence of other 
EVs.*!! When a specimen is inoculated onto these cells and a characteristic EV cytopathic 
effect is seen, the virus can be presumptively identified as a PV. A few strains of certain 
nonpolio EV serotypes are able to grow on the parent murine cells, however, and therefore 
growth on L20B cells is not a definitive identification of PV, and confirmatory testing is 
required. 


Virus isolates may be typed by molecular methods as described for direct typing in 


clinical specimens, above. Attempting virus isolation may be useful in a case where typing is 
considered important (e.g., the index case in an outbreak or investigation of a nosocomial 
outbreak), the EV is of very low titer in the clinical specimen, and direct molecular typing is 
unsuccessful. For clinical management of routine cases, however, it is seldom critical to 
identify the specific nonpolio EV type. A high index of suspicion for an EV infection can be 
developed by reflecting on the clinical picture, the virus isolate's cytopathic effect and cell 
culture systems utilized, and knowledge of basic EV epidemiology. 


Antibody tests 


Serologic diagnosis of EV infection can be made by comparing titers in acute and 
convalescent phase (paired) serum specimens. In general, however, EV serodiagnosis is more 
relevant to epidemiologic studies than to clinical diagnosis (see Epidemiology). The most 
basic serologic test is that of neutralization in cell culture. Many serologic studies rely on the 
detection of IgM antibody as evidence for recent EV infection, and this is now widely used as 
an alternative to the neutralization test. Several groups have developed an enzyme-linked 
immunosorbent assay (ELISA) for EV-specific IgM.°°°*° These tests have been found 
positive for nearly 90% of culture-confirmed CVB infections and can be performed rapidly. 
The ELISA has been successfully applied for epidemiologic investigations of outbreaks,'©° as 
well as for specific diagnostic use.!°? 


In most cases, the IgM ELISA test is not serotype specific. Depending on the 
configuration and sensitivity of the test, from 10% to nearly 70% of serum samples show a 
heterotypic response caused by other EV infections. This heterotypic response has been 
exploited to measure broadly reactive antibody and the assay used to detect EV infection 
generically.°>*”° In attempting to characterize the exact nature of the response using different 
antigens, it is clear that the human immune response to EV infection includes antibodies that 
react with both serotype-specific epitopes and shared epitopes.'? Despite this problem, 
which is inherently biologic, a fairly high concordance of results remains between assays of 
different configurations.!°? In summary, the IgM assays that are generally used in 
epidemiologic studies have very good sensitivity and appear to be very specific for EV 
infection; however, these assays detect heterotypic antibodies resulting from other EV 
infections and, therefore, cannot be considered strictly serotype specific. 


PREVENTION AND CONTROL 


Treatment 


Although no currently available drug treatment for enteroviral infections is in clinical use, the 
effectiveness of a variety of drugs in vitro, as well as in animal models, has been 
documented. In addition, varied new directions for future therapeutic intervention are being 
pursued. 


Pilot studies have been conducted administering intravenous immunoglobulin in neonates 
suspected of having enteroviral infection.® Pooled immunoglobulin delivered intravenously 
or via a shunt into the spinal fluid has also been used in patients who are 
agammaglobulinemic with chronic encephalitis and meningitis associated with nonpolio 
enteroviruses. Patients who are immunodeficient with persistent EV infections, including PV 
infections, represent a particular challenge to effective treatment. Although intravenous 
immunoglobulin may protect these patients from poliomyelitis and may appear to stabilize 
and improve some of the infections, the disease may progress; most of these infections, 
however, spontaneously cease. In some cases, efficacy may be limited by inadequate 
amounts of the relevant antibody in the immunoglobulin pool (e.g., if the infection involves 
an unusual and rare EV serotype), as well as problems in the delivery of adequate levels of 
antibody to the infected cells. One report documented the failure to clear persistent PV 
excretion despite treatment with intravenous immunoglobulin, breast milk, and ribavirin 
(195a). Interestingly, a successful clearance of PV may apparently follow intercurrent 
diarrheal infections caused by other pathogens, perhaps because of damage to gut lymphoid 


tissue, which acts as a main site of PV replication.*” 


A number of specific antiviral compounds have been developed to target enteroviral 
proteins and steps in the virus' life cycle. The WIN compounds and related derivatives, which 
were originally shown to be effective against rhinovirus, have shown the most consistent 
results and have been those most studied mechanistically. These drugs bind a hydrophobic 
site near the surface of the virion called the pocket,°°° which lies in the floor of the canyon 
where the virion binds to the cellular receptor. By binding to the pocket, these compounds are 
believed to interfere with viral attachment and uncoating. Variations in activity of WIN 
compounds against different picornaviruses are presumably related to the particular fit of the 
drug into the pocket of a specific EV strain. Oral administration of WIN 54954 significantly 
decreased the number of upper respiratory infections following challenge with CVA21 (i.e., 3 
of 27 patients in the treated group had an upper respiratory infection vs. 15 of 23 in the 
placebo group) with decreased associated symptoms and viral titers.44° Adverse reactions, 
however, curtailed further investigations with this drug. Pleconaril or VP 63843 is a pocket- 
binding compound with a broad in vitro inhibitory activity against 95% of the 215 nonpolio 
EVs that were tested.*° Significant activity was noted against some serotypes, such as 
echovirus 11. A randomized, double-blind study involving the administration of pleconaril 
following a challenge with CVA21 showed statistically significant decreases in viral 
shedding in nasal secretions, nasal mucus production, and total respiratory illness symptom 
scores in patients treated with pleconaril compared with subjects treated with placebo.**® 
Another phase II trial of the same drug against enteroviral meningitis showed a statistically 
significant decrease in disease duration (9.5 days in the placebo group vs. 4.0 days in the 
controls).4°° A subsequent study, however, failed to have the statistical power to show 
efficacy in infants with enteroviral meningitis.? A problem with all of these antiviral 
compounds is that mutant viruses resistant to the drug can arise. In the case of resistance to 
rhinovirus, the mutant viruses tend to have bulky amino acid substitutions that sterically 


block entry of the drug into the pocket.!°* These mutant viruses may not be as significant a 

problem as expected, because drug-resistant CVB3 mutants that appeared in tissue culture 

following exposure to the WIN compounds tended to be attenuated when inoculated into 
re bs. 

mice. 


Enviroxime is an antiviral drug that targets nonstructural protein 3A, leading to a block in 
the synthesis of plus-strand viral RNA. Although this compound inhibits EV and rhinovirus 
in vitro infections, it is toxic and not effective in humans.!!% Resistance to enviroxime is 
determined by changes in the amino acid at position 30 in protein 3A.'"! 


An antiviral strategy promoted recently involves the use of drug-sensitive dominantly 
inhibitory viruses, generated as a result of a targeted drug treatment, which interfere with 
growth of drug-resistant viruses.!°*47° Regions of the virus that can serve as targets for drugs 
that lead to the generation of these dominant defective viruses include (a) the capsid and 
polymerase-coding region, because of the proteins' oligomeric properties (i.e., there is 
interference during interactions with the respective wild-type protein); (b) cre and VPg 
(genome-linked virus protein), perhaps because their malfunction leads to inhibitory 
intermediates; and (c) 2A, perhaps because the uncleaved intramolecular cleavage of VP1-2A 
is inhibitory during assembly of the virus capsids. The 2A proteinase seemed to be an 
especially attractive target because of its inability to be rescued in trans and the dominant 
inhibition of the uncleaved product on virus growth. 


Vaccines 


Efforts have been initiated to develop a vaccine against EV71, and several approaches have 
been evaluated in animal models. Mice immunized with a DNA vaccine encoding VP1,*°!°7° 
or with synthetic peptides encoding B-cell epitopes from vp1,'*! mount a neutralizing VP1- 
specific IgG response; passive transfer of vaccine-induced antibodies to neonatal mice 
conferred substantial protection against a normally lethal EV71 challenge.'** A virus-like- 
particle (VLP) vaccine induced a strong and sustained neutralizing IgG response.*! Finally, 
transgenic mice have been developed in which VP1 is expressed in the milk of nursing 
mothers; EV71-specific antibodies were induced in the suckling pups.’! In both of the latter 
studies, the antibody responses protected neonatal mice against a normally lethal EV71 
challenge.®?.9! 


Poliovirus Vaccine and Eradication 


The efforts to control PV over the last 60+ years benefitted from having more than one 
excellent vaccine, because both the inactivated (killed) vaccine of Salk administered by 
injection and the oral attenuated vaccine of Sabin were available. Both of these vaccines 
result in production of anti-PV antibody (Fig. 3.8) with subsequent protection from 
disease.°©>*©9 Although there has been a continuing advocacy for one or the other vaccine 
over the years, it is clear that each has advantages and disadvantages (Tables 3.8 and 3.9) and 


that appropriate circumstances exist for the use of each. As polio eradication efforts 
expanded in the developing world, it became evident that the question of the role of each of 
these vaccines is more complicated than originally thought. In the developed world, with the 
incidence of PV declining dramatically and VAPP the only significant source of disease 
associated with PV, many countries either never used OPV or switched to IPV. Like many 
other countries, the United States switched from OPV to the exclusive use of IPV in 2000 
(with a routine schedule at 2 months, 4 months, 6-18 months, and 4—6 years of age). The 
main benefit from this change was the elimination of VAPP, and subsequent studies have 


shown that this was accomplished. 
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FIGURE 3.8 Serum and secretory antibody responses to oral administration of 
live attenuated polio vaccine and to intramuscular inoculation of killed PV 


vaccine. 
(From Ogra PL, Karzon DT. Formation and function of poliovirus antibody on different tissues. Prog Med Virol 


1971;13:156-193, Ref.222) 


TABLE 3.8 Killed poliovirus vaccine: advantages and disadvantages 


Advantages 
Safe because inactivation ensures no infectious virus exists 
Can be used in immunodeficient and immunosuppressed 
individuals 
Provides excellent systemic immunity 


Disadvantages 
Requires intramuscular injection with repeated doses 
More expensive than live vaccine 
Potential hazards because of the use of wild seed virus in 
production 
Reduced intestinal immunity compared with natural infection 


TABLE 3.9 Live poliovirus vaccine: advantages and disadvantages 


Advantages 
Confers strong systemic and intestinal immunity 
Relatively inexpensive 
Provides herd immunity because virus is excreted into the 
environment, expanding immunity 
Oral delivery 
Relatively safe 


Disadvantages 

Can mutate to neurovirulent form, causing vaccine-associated 
paralytic poliomyelitis 

Contraindicated in immunodeficient and immunosuppressed 
individuals 

Requires monkeys for safety testing 

Can lead to circulating vaccine-derived polioviruses causing 
outbreaks of poliomyelitis 


In 1988, in part based on the rapid progress of eradication activities in the Americas, the 
World Health Assembly unanimously adopted a resolution calling for the global eradication 
of PV before the end of the 20th century = (http://polioeradication.org/wp- 
content/uploads/2016/07/19880513_resolution-2.pdf). This resolution was reaffirmed in May 
of 1999, 2004, and 2011, and an acceleration of activities was urged with particular focus on 
the remaining endemic areas. 


Four fundamental components constitute the strategy to eradicate PV.°?’ First is the 
achievement and maintenance of high levels of routine immunization. With the accelerated 
activities resulting from the Expanded Program on Immunization of the WHO, routine 
coverage with three doses of OPV in children under 1 year of age reached nearly 90% of the 
world's children by 1990; however, maintenance of these levels has not been completely 
successful, and some erosion of routine immunization has occurred. Because of the inability 
of routine immunization to control PV circulation in many developing countries, the second 
element of the strategy is the use of National Immunization Days for the delivery of vaccine 
to all children under 5 years of age in a very short period of time, usually from one to a few 
days.*© The mass immunization interferes with the spread of wild PV through a rapid 
increase in population immunity and abruptly decreases the chains of transmission in a 
country. This strategy was used in many early immunization efforts in the 1960s and was 
applied successfully in Cuba to achieve and maintain the elimination of PV from that country 
following three successive years of annual campaigns.**? Multiple rounds in a given year are 


now routinely carried out for all endemic countries, and the National Immunization Days 
have grown in an extraordinary way as more countries have adopted this strategy. Some 
campaigns now represent the largest public health activities on record and often represent the 
largest multinational health events as well. 


The third basic element of the strategy is the use of surveillance based on cases of AFP.* 
One of the major differences between the smallpox eradication program and the efforts to 
eradicate PV is the low rate of clinical disease following PV infection. Because less than 1% 
of infected susceptible individuals will develop paralytic illness, most infections are not 
clinically recognized. Following increased immunization, there are still fewer susceptible 
individuals who can be paralyzed, but immunity only partially prevents infection and 
therefore transmission can continue in partially immune populations with only a small 
number of cases evident. This creates a further challenge for finding the virus because of this 
complicated dynamic between immunity, disease, and surveillance.**? Therefore, unlike 
smallpox, where almost all infections were symptomatic, PV is difficult to detect because 
most infections are sub-clinical. To improve the sensitivity of detecting PV infection and yet 
achieve a practical system, surveillance was developed around the unique clinical 
presentation of paralytic poliomyelitis. To avoid the requirement for extensive neurologic 
examinations, which are not feasible in many developing countries, the surveillance was 
simplified to include any case of AFP. This system reports many other diseases in addition to 
poliomyelitis, such as Guillain-Barré syndrome, transverse myelitis, and traumatic 
neuropathy. This loss of specificity, however, is compensated for by a gain in sensitivity, 
because most cases of true poliomyelitis are reported. The incidence of non—PV-induced 
flaccid paralysis is also used as an indicator of surveillance sensitivity (>2 case per 100,000 
population under 15 years of age is considered an operational indicator of adequate quality), 
although it is not clear if the expected rate is the same in different countries or would be 
expected to be constant over time. Regardless, AFP surveillance has proved to be remarkably 
efficient for detection of wild PV circulation. 


Once an AFP case is detected, the remaining part of surveillance is focused on detection 
of the virus. Two stool specimens are collected from all cases of AFP and tested in a global 
network of laboratories to attempt isolation of PV.77° The major advantages of this 
surveillance system are simplicity, practicality, and reasonable sensitivity for detection of PV. 
The major disadvantages are the requirements (a) to rapidly collect, transport, and test a large 
number of specimens from all areas of the world and (b) have high-quality laboratory testing. 
Despite these challenges, a global network of 146 laboratories was established and has been 
able to process more than 200,000 fecal specimens every year since 2011 and provide this 


information in a timely manner to the eradication program.”* 


The last element of the eradication strategy is the use of mopping-up activities.!'* This 
strategy focuses on an area or country where the previous three parts of the program have 
successfully reduced the number of PV cases to a small number and where surveillance has 
localized the remaining reservoirs of transmission. It is then possible to intensify 
immunization activities in those targeted communities that contain the remaining circulating 


virus, or the last chains of transmission. These intensified activities usually involve active 
searches in communities for children, including house-to-house or _boat-to-boat 
immunization.°? Teams visit all residences in the area and ensure that children are not missed 
for vaccination. With further reduction of PV circulation to only parts of a limited number of 
countries, further increase in vaccine coverage was achieved by more focused supplemental 
immunization activities (SIA). These immunization campaigns were focused on the 
remaining reservoirs of polio circulation within the endemic countries and conducted many 
times nearly year-round. At the late stages of the eradication program, the distinction 
between SIA and the original National Immunization Days has become blurred as greater 
flexibility of scope and timing has been introduced. 


These four elements of PV eradication strategy have proven successful in most of the 
world. Because of this intensified effort, by the end of 2018, only two countries continued to 
report ongoing PV circulation. Since the program began, almost all countries are now free of 
indigenous PV circulation. This can be seen in Figure 3.9, where in 1988 PV was found on 
all the continents (except Australia), with estimates of more than 350,000 cases of PV each 
year. In 2011, the number of countries with PV was only 16, and by 2014, all of the 
Americas, Europe, Southeast Asia, and the Western Pacific Regions have been certified to be 
free of PV.”° The only countries with endemic PV cases in 2018 were in South Asia (Pakistan 
and Afghanistan). The African Region reported its last case of wild PV in 2016. A weekly 
progress report on the global efforts to eradicate PV is provided on a Web site of the 


WHO.°?4 
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FIGURE 3.9 Incidence of poliovirus in 1988 versus 2019. 


Numerous unknowns and potential obstacles remain to be faced in the eradication efforts. 
Because of the inherent insensitivity of detecting PV infection, it is important that 
surveillance quality be achieved and maintained for a period of time. Although the exact 
length of time required to be assured of success is not known in all circumstances, the 
minimal requirement for certification is 3 years. Previous experience indicates that if 
excellent surveillance is achieved and maintained, PV genotypes that have not been detected 
for a period of 1 year will not be detected ever again.*®° This has been true for more than 
three dozen genotypes that have been eliminated from circulation. 


After wild virus circulation is interrupted, the accidental release of viruses from 
laboratories or vaccine-manufacturing facilities will represent a significant risk to the PV-free 
world. Therefore, it will be necessary to institute proper containment of the virus. A plan for 
these steps of containment has been drafted and will be implemented in phases as eradication 
proceeds. In the first pre-eradication phase, preparation for later phases is to be undertaken 
by conducting an inventory of all institutions and laboratories that have wild PV or 
potentially infectious materials. This survey for wild PV and potentially infectious materials 
has been completed in the polio-free regions of the world and has been completed in more 
than 100 countries, including the United States.”? Wherever possible, use of vaccine strains 
of PV in the laboratory should be substituted for wild strains. In the second phase, after the 
last wild PV has been isolated anywhere in the world, all work with wild PV will be done at a 
higher biosafety level of containment (BSL-3/polio). Once all countries and regions have 
been certified as being free of circulating PV, and once all laboratories have properly 
contained, referred, or destroyed their PV stocks and potentially infectious materials, the 
Global Certification Commission will declare wild PV eradicated. The last phase of 
containment will occur sometime in the future when the decision is made to stop vaccination 
with OPV. At that time, all infectious PV will need to be in containment. The containment 
requirements for this last phase are being developed. In addition, the special containment 
needs associated with IPV production are being assessed. Of particular concern are the 
current use of wild strains and the associated risk of an accidental release of virus during 
vaccine production. One way to limit this danger that is under consideration and active 


development is to prepare the IPV from the live Sabin attenuated vaccine strains.?4 


Once eradication of wild PV is achieved, the only disease caused by PV in the world will 
be as a result of the use of live OPV. In most parts of the world that continue to use OPV, the 
disease burden caused by VAPP already exceeds that of wild PV and has for some time. In 
addition, the continued use of OPV also poses a risk for outbreaks from vaccine-derived 
polioviruses (VDPV). VDPV are derived from OPV, but differ from the OPV strains and 
from the frequent PV isolates seen soon after vaccination with OPV by having more than 1% 
nucleotide changes in the coding region for VP1. The demarcation of more than 1% is 
somewhat arbitrary, but is consistent with prolonged replication that may be associated with 
circulation of the virus. After observations of several recent outbreaks of VDPYV, this 


definition has been modified for PV type 2 to be greater than 0.6% difference from the parent 
vaccine strain. Most OPV-like isolates and most PV excreted from patients with VAPP have 
less than 1% nucleotide change in the VP1 coding region and, therefore, are not classified as 
VDPV because the duration of infection is short and because random mutations do not 
accumulate and become genetically fixed as observed with VDPV and WPV. 


VDPV fall into three groups: (a) circulating VDPV (cVDPV), (b) immunodeficiency- 
associated VDPV (iVDPV), and (c) ambiguous VDVP (aVDPV) in which the source of 
infection is unknown. Although recognized as a potential problem associated with OPV for 
more than 40 years, the occurrence of multiple outbreaks involving cVDPV in 26 different 
countries within the last 19 years has explicitly demonstrated this risk.°*+ The first 
documented cVDPV outbreak of poliomyelitis occurred on the island of Hispaniola in 2000- 
2001, with 21 virologically confirmed cases in Haiti and the Dominican Republic and with 
many more apparent cases from which no specimens were collected.*®*”° Since this 
outbreak in Hispaniola, cVDPV outbreaks have occurred in numerous countries, including 
the large multiyear outbreak of type 2 cVDPV in Nigeria.°! In addition, cVDPV have been 
recognized retrospectively in other countries, particularly Egypt, where the type 2 cVDPV 
virus was endemic for possibly 10 years.°°*° Similar to wild PV, cVDPV often recombine 
with other species C enteroviruses during circulation, although nonrecombinant cVDPV have 
been observed. cVDPV circulate in regions that have inadequate vaccine coverage along with 
an absence of natural infection from circulating wild PV of the same serotype. The strains are 
of particular concern because they cause paralytic disease and have a capacity for sustained 
person-to-person transmission similar to wild PV of the same type.!*! The presence of 
cVDPV underscores the importance of maintaining excellent surveillance, the need to 
maintain high vaccine coverage, and the continued risk from suboptimal use of OPV, even in 
polio-free areas of the world. 


Although not as great a concern as cVDPYV, an issue that complicates PV eradication is 
the demonstrated excretion of iVDPYV, in at least a few examples, for periods of more than a 
decade. The occurrence of iVDPV is rare, however, even in immunosuppressed patients. 
Although both iVDPV and cVDPV can occur in the absence of any recombination, 
recombination has only been observed in the case of iVDPV with other vaccine PV strains 
and not with other members of EV-C. This is presumably because of the absence of EV-C 
coinfections in the tissue supporting the chronic PV infection, in contrast to the frequent 
recombination observed between vaccine strains that occur in normal vaccinees. 
Interestingly, prolonged excretion with PV in immunodeficient individuals occurs with 
viruses derived from OPV and not with wild PV.*’”* This may be because the greater 
neurovirulence of wild PV would be expected to lead to a uniformly fatal outcome in 
immunosuppressed individuals or because individuals with severe immunodeficiencies are 
likely to live in PV-free countries and, therefore, are only exposed to vaccine strains. 
Currently, no evidence indicates that patients with cell-mediated deficiencies are at increased 
risk for chronic PV infections. Prolonged excretion of PV has not been observed in studies 
undertaken specifically to look at human immunodeficiency virus—infected children and 


adults, 189,194 


Included in the VDPV group are ambiguous VDPV (aVDPV) in which the source of 
infection is unknown (e.g., VDPV isolates from environmental sources), no known 
immunodeficiency is found in the patient, or the isolate is associated with an AFP case, but 
without clear virologic or epidemiologic evidence of circulation.°* For example, in more than 
10,000 vaccine-related isolates studied in WHO Network laboratories in 2011, there were 67 
cVDPV (from six recent outbreaks).’?°74 


Because of the risks evident from VAPP and VDPV, the WHO has concluded that 
continued use of OPV following wild PV eradication is incompatible with the ultimate goal 
of polio eradication. Therefore, sometime after the eradication of wild PV, all use of OPV for 
routine immunization will stop. This has significant implications for immunization policy 
decisions and raises two very important basic questions regarding the management of risks: 
What vaccination policies will be recommended for PV? How will future PV outbreaks or 
cases be controlled after OPV use has stopped? In the absence of any reported wild PV type 2 
since 1999, the world has embarked on significant change to the routine vaccination 
recommendations with a focus on the withdrawal of type 2 containing OPV. The first step 
was the declaration of the eradication of indigenous wild PV type 2 in September 2015. The 
second step was the recommendation to introduce at least one dose of IPV into the routine 
program in all countries to provide continued type 2 immunity. The last step was the 
synchronized global switch in the more than 100 OPV-using countries from the trivalent 
OPV having all three types, to a bivalent OPV containing only types 1 and 3 in April 
2016.°*4 Despite the logistical and regulatory challenges, this effort was largely 
successful.*!9 


One anticipated challenge that occurred after the switch was the detection of ongoing 
circulating VDPV type 2. To address the need to respond to these outbreaks, a stockpile of 
monovalent type 2 OPV was manufactured to be released only by authorization of the 
Director General of WHO. This control was needed to limit the exposure to the population of 
a live OPV strain that would have the potential risk of creating new circulating VDPV type 2 
because of the outbreak response. Three years after the switch, the world is still struggling to 
complete this last step in the removal of all live type 2 PV from circulation in the world, one 
of the ultimate goals of eradication. These challenges with the removal of type 2 OPV will 
provide lessons for the final removal of the remaining type 1 and 3 OPV. This will provide 
the stage for future long-term polio vaccination policy. 


Ideally, it should be possible to describe accurately all of the advantages and 
disadvantages of choices related to future vaccination policy. It is difficult, however, to 
estimate and quantitate risks for all populations associated with the cessation of OPV use 
because of inadequate knowledge about type-specific reversion of vaccine strains and viral 
genetic determinants for neurovirulence and transmissibility. It is also not clear what 
protective benefits are possible in the absence of high levels of routine IPV use. An attempt 
to use elements of decision analysis and disease modeling has been made to try to provide 


better information regarding risk assessments.!2°4°! 


Regardless of decisions made about immunization policies, future generations will have 
an increasing susceptibility to PV as immunization becomes the only source of immunity. For 
this reason, another key component of activities related to posteradication risk management 
is the establishment of a global stockpile of vaccine to respond to any outbreak in the future. 
In most developed countries in temperate climates, IPV has proved very effective in 
preventing outbreaks in the general population and may remain the vaccine of choice for 
small outbreaks in the countries. Much remains unknown about the potential for IPV to 
control PV circulation in developing countries because IPV induces a lower level of mucosal 
immunity than OPV.!°° Because OPV is the only vaccine that has ever been demonstrated to 
stop circulation of PV in developing countries, it will likely remain the vaccine of choice for 
the global stockpile. If an outbreak does occur, it is reasonable to expect that it will be caused 
by a single serotype in a specific place or time, prompting the maintenance of monovalent 
OPV strains in the stockpile. The use of monovalent OPV strains will eliminate the need to 
introduce undesirable additional strains into the population. Details remain, however, about 
the response plans and the use of the stockpile that need to be completed. In addition, issues 
remain about what should be done at the boundaries of the response population. It may be 
that the process of eliminating OPV may be as complicated and difficult as the process of 
eradicating the wild virus. 


When the eradication program began, it was assumed that the vaccines available at the 
time were sufficient for the successful achievement of the goal. With the growing knowledge 
of the risks associated with OPV and the possible difficulties associated with either 
continuing or stopping its use in the future, hindsight indicates that the availability of 
additional options would be highly desirable. In the intervening years, many new approaches 
to vaccinology have been developed, raising the possibility of developing new PV vaccines 
(e.g., genetically engineered PV, noninfectious DNA, or immunogenic peptides). Despite the 
significant difficulties involving testing these new interventions, it seems appropriate to 
continue active investigations in this area.!°° 


The world has endured the crippling effects of PV for millennia, yet the end of these 
particular viruses is approaching. It is possible that the next edition of this chapter will treat 
PV quite differently, possibly even as a historic footnote, rather than a major focus of public 
health activities. 


PERSPECTIVES 


For 25 to 50 years before the identification of acquired immunodeficiency syndrome, much 
of human virology was focused on PV. With the eradication of PV imminent, the 
picornavirology field is changing and will never be the same again. It is somewhat ironic to 
realize that, despite the incredible advances in our understanding of the molecular aspects of 
PV and the availability of extraordinarily powerful molecular tools for studying PV, the 
eradication of poliomyelitis will become a reality as a result of the use of the Salk and Sabin 
vaccines, vaccines that were generated empirically in the middle of the last century before the 


breakthroughs in our understanding of the molecular biology of PV. 


But perhaps, it is unfair to belittle the achievements of modern techniques in the 
eradication of PV. Certainly, the tools of molecular biology were and will continue to be 
important in monitoring and tracking PV and identifying strains; it also may be that new 
technology and knowledge will make a better PV vaccine. Novel diagnostic methods 
developed to assist in surveillance of poliomyelitis are likely to aid in the identification of 
new enteroviruses, provide better and more accurate descriptions of the epidemiology of EV 
infections, and lead to new anti-EV drugs, nonpolio EV vaccines, and a better understanding 
of the relationship of EV to acute and chronic human disease. 


What new directions will drive the field of picornavirology? Pressure exists to develop 
new antiviral treatments and vaccines. New antiviral approaches will take advantage of 
knowledge of virus receptors, structures of capsid and nonstructural proteins, and 
immunologic features of the disease. New vaccines will be pursued and developed. The 
ability of EV71 to mount large epidemics and to be a major cause of neurologic disease, 
especially AFP, is likely to have already generated special interest with respect to vaccine 
development. The many diseases that the coxsackieviruses cause also make this group of 
viruses of great interest from the point of view of vaccine development. In addition, 
investigations of coxsackieviral diseases may clarify the pathogenesis of virus-induced 
autoimmune diseases. 


Despite the development of new treatments and vaccines, enteroviruses will still be very 
much with us, even after the eradication of PV. 
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The family Caliciviridae is composed of small (27-40 nm), nonenveloped, icosahedral 
viruses that possess a linear, positive-sense, single-stranded RNA (ssRNA) genome. The 11 
genera of the family are Norovirus, Sapovirus, Bavovirus, Lagovirus, Minovirus, Nacovirus, 
Nebovirus, Recovirus, Salovirus, Valovirus, and Vesivirus.®2° The major human pathogens in 
the family are the noroviruses and sapoviruses, which cause acute gastroenteritis. Important 
veterinary pathogens include vesiviruses such as feline calicivirus (FCV), which causes a 
respiratory disease in cats, and lagoviruses such as rabbit hemorrhagic disease virus (RHDV), 
which causes an often-fatal hemorrhagic disease in rabbits. This chapter provides a 
description of the family Caliciviridae, with major emphasis on the noroviruses because of 
their prominent role in sporadic and epidemic gastroenteritis.° 


HISTORY 


The establishment of a viral etiology for gastroenteritis in humans was a decades-long 
process that was hampered by the fastidious nature of many of these viruses for growth in 
cell culture.*°° Volunteer studies carried out in the 1940s and 1950s in the United States and 
Japan played a major role in establishing that filterable, nonbacterial infectious agents can 
cause enteric disease.*?? An important advance occurred in 1972 with the discovery of 
Norwalk virus (NV) by Kapikian et al.*°° Stool material from a rectal swab obtained from an 
ill individual involved in a gastroenteritis outbreak that had occurred at an elementary school 
in Norwalk, Ohio, in October 1968 was administered to adult volunteers as a bacteria-free 
filtrate and serially passaged to other volunteers, inducing acute gastroenteritis in certain 
individuals.'4°!4! Virus particles (named Norwalk virus for the location of the original 
outbreak) were visualized in stool material from these volunteers by the technique of immune 
electron microscopy (IEM)*°° (Fig. 4.1). Hawaii virus (from a family outbreak of 
gastroenteritis that occurred in Honolulu in 1971) and Snow Mountain virus (from an 
outbreak in a Colorado resort camp in 1976) were subsequently discovered in 1977 and 1982, 
respectively, and shown to be antigenically distinct by IEM.'“*°°! Norwalk virus would 
become the prototype strain for these and other “small round structured viruses,” known now 


as the noroviruses. 


FIGURE 4.1 Norwalk virus (NV) (genus Norovirus) and Sapporo virus (genus 
Sapovirus) in stool material. A: NV particles in a stool filtrate visualized by 
immune electron microscopy (IEM). B: An aggregate observed after incubation 
of NV stool filtrate with a 1:5 dilution of volunteer’s prechallenge serum. 
Particles have a light coating of antibody molecules. The amount of antibody 
present on this aggregate was given a rating of 1 to 2 to 2+, and the serum was 
given an overall rating of 1 to 2+ on a scale of 1 to 4. C, D:Three single particles 
(C) and one individual particle (D) observed after incubation of the NV stool 
filtrate with a 1:5 dilution of the same volunteer’s postchallenge convalescent 


serum. Particles are heavily coated with antibody molecules. At high antibody 
levels (antibody excess), large aggregates may not be seen. The amount of 
antibody was given a rating of 4+, and the serum was given an overall rating of 
4+ ona scale of 1 to 4. E: Sapporo virus particles in stool material visualized by 
direct electron microscopy (EM). The distinct, hollow cup-like structures are 
apparent. F: Sapporo virus particles after incubation with guinea pig 
hyperimmune serum. The amount of antibody was given a 1+ rating. G: An 
aggregate observed after incubation of Sapporo virus stool filtrate with guinea 
pig hyperimmune serum. The amount of antibody was given a rating of 4+ ona 
scale of 1 to 4. (A—D from Kapikian AZ, Wyatt RG, Dolin R, et al. Visualization 
by immune electron microscopy of a 27-nm particle associated with acute 
infectious nonbacterial gastroenteritis. J Virol 1972;10:1075-1081, with 
permission; E-G from Nakata S, Kogawa K, Numata K, et al. The epidemiology 
of human calicivirus/Sapporo/82/Japan. Arch Virol 1996;(Suppl 12):263—270, 
with permission. ) 


In 1976, the teams of Madeley and Cosgrove*”’ and Flewett and Davies!®® reported the 
presence of viruses in the stools of children that showed a striking morphologic similarity to 
previously characterized animal caliciviruses that were known to exhibit “classical” distinct 
cup-like depressions on the surface of the virion. Chiba et al.!!° described a “classical” 
calicivirus, associated with gastroenteritis, in infants and young children living in an infant 
home in Sapporo, Japan, in 1977. Another virus (later designated Sapporo/82/Japan) that 
exhibited classical calicivirus morphology was subsequently detected from this same infant 
home and characterized antigenically by IEM*?? (Fig. 4.1). The Sapporo virus would become 
the prototype strain for the “Sapporo-like viruses” or “classical caliciviruses,” known now as 
the sapoviruses. 


In the late 1980s, the stool filtrate derived from the Norwalk, Ohio, outbreak was fed to 
adults in volunteer studies to obtain adequate quantities of virus particles to characterize the 
viral genome.*** This major advance by Jiang et al.*4* established the classification of NV as 
a member of the Caliciviridae. The complete RNA genome sequences of NV and the closely 
related Southampton virus were determined and found to be organized into three major open 
reading frames (ORF1, ORF2, and ORF3) with a polyadenylated 3’ end*!)249.3!7319 (see 
Genome Structure and Organization). The ORF1 was shown to encode a large polyprotein 
that was proteolytically processed into the mature nonstructural proteins.**°°*° The ORF2 
encoded the major capsid protein, VP1, and ORF3 encoded a minor structural protein, VP2. 
The human noroviruses initially segregated into two major phylogenetic groups within what 
would become the genus Norovirus of the Caliciviridae that were designated as genogroups I 
(GI) and IT (GI), with NV belonging to GI and the Hawaii and Snow Mountain viruses 


belonging to GII.°°*°° In addition, sequence analysis of the “classical caliciviruses” 
confirmed that they were distinct from the noroviruses, ultimately forming a separate genus, 
Sapovirus, within the Caliciviridae.?!8744288.490 


CLASSIFICATION 


Members of the virus family Caliciviridae have a virion protein, genome (VPg)-linked, 
positive-sense RNA genome that is polyadenylated and surrounded by a nonenveloped, 
icosahedral capsid of 27 to 40 nm in diameter. The capsid is constructed predominantly from 
a major structural protein, VP1, of approximately 60,000 Daltons (D). The 11 genera of 
Caliciviridae—Norovirus, Sapovirus, Bavovirus, Lagovirus, Minovirus, Nacovirus, 
Nebovirus, Recovirus, Salovirus, Valovirus, and Vesivirus—each represent a_ distinct 
phylogenetic clade in the family®*° (Fig. 4.2A). Within each genus, one or more species has 
been defined based primarily on genetic relatedness, and the current taxonomic structure of 
the Caliciviridae is shown in Table 4.1. Below the level of species in certain genera 
(Norovirus and Sapovirus), provisional genetic typing systems (consisting of genogroups 
subdivided into genetic clusters or genotypes) have proven useful in epidemiologic studies 
(see Molecular Epidemiology). The striking genetic diversity of noroviruses associated with 
human disease is illustrated in a phylogenetic analysis of strains representing different 
genotypes within GI, GII, and GIV (Fig. 4.2B). 
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FIGURE 4.2 A: Phylogenetic relationships among representative members of 
the family Caliciviridae. The 11 established genera are Norovirus, Sapovirus, 
Bavovirus, Lagovirus, Minovirus, Nacovirus, Nebovirus, Recovirus, Salovirus, 
Valovirus, and Vesivirus according to the International Committee on Taxonomy 


of Viruses, with new genera recently approved shaded in green.°2° To generate 
this dendrogram, full-length genomic sequences were first aligned with the 
ClustalW algorithm in the MacVector, Inc. (Cary, NC) software package. 
Additional evolutionary analysis was conducted with the MEGA software 
package. Finally, phylogenetic relationships were inferred using the neighbor- 


joining method,?!9 with the evolutionary distances computed by the Jukes- 


Cantor method.?*9 The statistical support for tree nodes was evaluated by 
bootstrap analysis (1,000 replicates). The tree was drawn to scale, with branch 
lengths in the same units as those of the evolutionary distances used to infer the 
phylogenetic tree. B: Phylogenetic relationships among the VP1 proteins from 
three representative genogroups (I, II, and IV) within the genus Norovirus that 
are characteristically associated with gastroenteritis in humans. This genotyping 
system is employed as an epidemiological tool to track the spread of genetically 
diverse noroviruses in susceptible populations (see Epidemiology and Table 4.5). 
(Analysis and figure from S.V. Sosnovtsev.) 


TABLE 4.1 Taxonomic structure of the Caliciviridae 


Bavovirus Bavaria virus Bavovirus/chicken/DE/2004/Bavaria VO021 HQ010042 


Lagovirus Rabbit hemorrhagic disease virus Lagovirus/rabbit/DE1988/RHDV-FRG M67473 
European brown hare syndrome virus Lagovirus/hare/FR/1989/EBHSV-GD 269620 
Minovirus Minovirus A Minovirus/fathead minnow/US/2012/FHMCV KX37 1097 
Nacovirus Nacovirus A Nacovirus/turkey/DE/2011/TC L11043 JQ347522 
Norovirus Norwalk virus Norovirus/human/US/1968/Norwalk M87661 
Nebovirus Newbury 1 virus Nebovirus/bovine/UK/1976/Newbury-1 NC_007916 
Recovirus Recovirus A Recovirus/rhesus macaque/US/2004/Tulane EU391643 
Salovirus Nordland virus Salovirus/salmon/NO/2011/Nordland KJ577139 
Sapovirus Sapporo virus Sapovirus/human/JP/1982/Sapporo HM002617 
Valovirus St. Valérien virus Valovirus/porcine/CA/2006/St. Valérien AB90 FJ355928 
Vesivirus Vesicular exanthema of swine virus Vesivirus/porcine/US/1948/VESV-A48 AF181082 
Feline calicivirus Vesivirus/feline/US/1958/FCV-F9 M86379 


“The cryptogram is organized as follows: Genus/host of origin/country of origin/year of occurrence/strain name. 


VIRION STRUCTURE 


Calicivirus virions exhibit T = 3 icosahedral symmetry. The capsid contains 90 dimers of the 
VP1 capsid protein that form a shell from which 90 arch-like capsomeres protrude at the 
local and strict twofold axes.’9:109.268,478,480,481,662 The dimers form two classes, A/B and 
C/C, with 60 A/B dimers located at the icosahedral quasi fivefold axis and 30 C/C dimers at 
the quasi twofold axis. The major capsid protein VP1 is organized into two major domains 
designated shell (S) and protruding (P) domain that are connected by a hinge region, as 
represented in a diagram of the NV VP1 (530 aa in length)*”® (Fig. 4.3). The N-terminal 
amino acids of VP1 form the N-terminal arm (NTA) that is found in the interior of the capsid 
and links the dimeric subunits (Fig. 4.3). The S domain is the most highly conserved region 


of the VP1 and forms a smooth inner shell that surrounds the RNA genome. The S domains 
of the A/B and C/C dimers adopt a “bent” versus “flat” conformation, respectively, to 
conform to the icosahedral T = 3 shape.°°* The P domains form the arch-like protrusions that 
emanate from the shell and contain the dimeric contacts. This domain is further subdivided 
into the P1 and the P2 subdomains. The P1 subdomains form the sides of the arch of the 
capsomeres and position the highly variable P2 subdomain at the top of the arch. These 
arches are arranged in such a way that 32 large hollows are formed at the icosahedral five- 
and threefold positions that appear as cup-like structures on the surface of caliciviruses 
(calici is derived from the Latin word calyx, or cup). Cryo-electron microscopy and computer 
image processing studies of representative caliciviruses show subtle variation in the capsid 
structures that are consistent with their differences in appearance by negative-stain EM that 
can range from a feathery appearance (many noroviruses, such as Norwalk virus in Fig. 
4.1A) to the presence of sharply defined “cups” (many sapoviruses, such as Sapporo virus in 
Fig. 4.1E and the vesiviruses).!°°4°° The exposure of the variable P2 domain on the surface 
is consistent with its role as the major antigenic site and in binding to cellular receptors and 
attachment factors ,83276351,429,478,528,575 
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FIGURE 4.3 Organization of the norovirus major capsid protein, VP1. A: The 
Norwalk virus major capsid protein VP1 is 539 amino acids (aa) in length and is 
organized into two major parts, shell (S) and protruding (P), connected by a 
hinge (H) region. The aa borders of the defined domains are N-terminal (N) arm, 
1 to 49; S, 50 to 218; hinge, 219 to 225; P1, 226 to 278 and 406 to 530; and P2, 
279 to 405. B:(Adapted from Prasad BV, Hardy ME, Dokland T, et al. X-ray 


crystallographic structure of the Norwalk virus capsid. Science 1999;286:287— 
290.) Model of the T = 3 Norwalk virus whole capsid, determined at 3.4-A 


resolution.*”® The capsid is composed of 90 dimers of VP1, with the S, P1, and 
P2 domains shown in blue, red, and yellow, respectively. The box highlights the 
arrangement of a VP1 dimer as it is displayed on the surface of the virion. C: 
Three-dimensional ribbon representation of a VP1 dimer derived from x-ray 
crystallography studies of Norwalk virus rVLPs at 3.4-A, showing the 
presentation of the P2 domain at the top of an arch supported by two P1 domain 


“arms”.4/8 The S domain forms the internal scaffold of the virion that surrounds 
the RNA genome and positions the arch to the virion surface. The N-terminus 
(N) and C-terminus (C) of the VP1 are indicated. D: Three-dimensional ribbon 


representation of a P domain-only dimer, determined at 1.4-A resolution.!!2 The 
box highlights the location of an HBGA carbohydrate-binding site mapped 
within the P2 domain (see Fig. 4.11). (Images provided by B.V.V. Prasad.) 


Structural comparisons of caliciviruses have shown major points of flexibility in the capsid 
protein. One region of flexibility is in the hinge between the S and P domains. As a result of 
this flexibility, the capsid protein in these viruses exhibits two distinct conformations, 
“closed” and “elevated.” In the structures of NV, San Miguel sea lion virus (SMSV), and 
FCV, the capsid protein exhibits a “closed” conformation in which the P domain interacts 
closely with the S domain,!°*°”4”9 whereas, in the structures of murine norovirus (MNV), 
RHDYV, and Vietnam026 (human norovirus GII.10), the capsid protein exhibits an “elevated” 
conformation in which the P domain is rotated by about 40 to 53 degrees and significantly 
raised relative to the S domain?°%7°9-%"” (Fig. 4.4). The biologic consequences or triggers for 
these movements are currently unknown. The other region of flexibility is within the P 
domain. X-ray crystallography of the MNV P domain captured a surface-exposed loop within 
the P domain in two conformations, “open” and “closed”.*°° Engineered mutations that 
locked the loop into a closed conformation allowed the virus to escape neutralization by a 
potent neutralizing monoclonal antibody (A6.2) that had been mapped to this loop.??° 
Molecular dynamics simulations suggest that escape from another neutralizing antibody 
(2D3) similarly affects the conformational relaxation of the MNV P domain even though the 
escape mutation is located distally from the antibody binding site at the top of the P 
domain.*’? The binding of bile acid has recently been shown to affect the conformation and 
stability of loop structures in the MNV P domain and enhance receptor binding.*”” Therefore, 
it is likely that capsid flexibility is an inherent feature of calicivirus virions and that this is 
critical during successful infection and pathogenesis. 
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FIGURE 4.4 Calicivirus capsid reconstructions. Shown are central slices of the 
surface renderings of representative caliciviruses. The crystal structure of 
Norwalk virus (G1.1) was used to produce its corresponding image,*/8 while the 
remaining three MNV-1,2°9 RHDV,?2°8 and Vietnam026229 were derived from 
their cryo-EM image reconstructions. The figures are colored according to radius 
with the red hues being the shortest radii and purple being the longest. The pink 
arrows indicate the region of flexibility between the S and P domain, where the P 
domain is “elevated” above the S domain. In contrast, the Norwalk virus P 


domain interacts closely with the S domain in a “closed” conformation. (Images 
provided by T. Smith.) 


Infectious virions also contain a minor capsid protein VP2 that associates with the S domain 
on the interior surface of the virion.°*? Roles for VP2 in viral entry (see below Stages of 
Replication) and assembly have been proposed.!!-°79 Inside the virion, VP1 and VP2 interact 
via a highly conserved patch of residues in VP1 (IDPWI motif) that is located at the junction 
of the NTA and S domain. In particular, the first isoleucine residue of this motif (Ile-52 in 
NV) lies so that the two Ile-52 residues in a VP1 dimer are at the center of a negatively 
charged belt spanning the inner surface of the S dimers. Mutation of this residue ablates VP2 
incorporation into particles. The VP1-interacting domain of VP2 was mapped to amino acids 
108 to 152.'®° Computational analysis revealed that this region in VP2 is hypervariable in 
GII.4 human norovirus strains, suggesting that VP1 and VP2 covary in virus evolution, such 
that when mutations in VP1 arise, VP2 adapts to the changed conformation.’° Coevolution 
and strong selective pressure for a functional VP2°*’ are consistent with VP1 and VP2 
interactions that would be required to create a proposed VP2-constructed portal emanating 
from the capsid for the release of genomic RNA"? (see below Stages of Replication) (Fig. 
4.5). 


FIGURE 4.5 A: Structure of Feline calicivirus (FCV) strain F9, solved by 
cryogenic electron microscopy (cryo-EM) with imposition of icosahedral 
symmetry. B: Incubation of virus in the presence of a soluble fragment of feline 
junctional adhesion molecule A (fJAM-A) leads to binding of the receptor 
fragments to the outer face of the capsid P domains. Following receptor binding, 
the capsid undergoes conformational changes that break icosahedral symmetry— 
resulting in poorer resolution of the P domains and receptor. C: A low-symmetry 
reconstruction of the FCV-fJAM-A complex revealed the presence of a large 
portal-like assembly on the capsid surface, comprising 12 copies of the minor 
capsid protein VP2. The portal is located at a unique threefold symmetry axis 


(VP1, purple; fJAM-A, blue; VP2, orange). D: A close-up view of the portal-like 
assembly reveals an opening (indicated by arrow) in the capsid shell at the portal 
axis. (Images provided by D. Bhella and adapted from Conley MJ, McElwee M, 
Azmi L, et al. Calicivirus VP2 forms a portal-like assembly following receptor 
engagement. Nature 2019;565:377-381.) 


Calicivirus VP1 proteins have the ability to self-assemble into virus-like particles (VLPs), a 
process that is efficient and does not require RNA or VP2.74+°78 However, coexpression of 
VP2 increases VLP stability and resistance to proteases.°!°*° This self-assembly feature has 
been especially useful in the study of the fastidious caliciviruses, because recombinant (r) 
VLPs have served as a surrogate for native virions!9*74+7“ and are the basis for current 
vaccine development approaches (see Vaccines). Calicivirus VLPs self-assemble into two 
classes of particles. The T = 3 symmetry particles are made from 180 copies of rVP1 (~38 
nm in diameter), while smaller VLPs (~23 nm in diameter) with T = 1 symmetry are 
composed of 60 copies of VP1.°8:79-°*° In T = 3 particles, the NTA is involved in interlocking 
the S domains of VP1 capsomeres. Whether the NTA determines the switch between the two 
types of particles is unclear at present. The NTA was not visible in x-ray structural studies of 
T = 1 VLPs of FCV,”? and N-terminal truncation mutants of NV VP1 did not result in smaller 
particles.°* In contrast, N-terminal truncations of the RHDV VP1 formed T = 1 VLPs.*8 


Knowledge of the capsid structure has also informed studies of capsid assembly. Capsid 
assembly is thought to occur in a series of successive steps that are highly dependent on 
solution pH, ionic strength, and VP1 concentration.*”°** Based on the extensive dimer 
interfaces observed in the crystal structure of the recombinant NV capsid, a dimer of VP1, 
existing in equilibrium between “bent” and “flat” conformations, is proposed as the initial 
building block for the capsid assembly.*”® In support of VP1 dimers as the initial building 
block, norovirus VLPs disassemble into stable dimers of VP1, which can under the right 
conditions reassemble into particles.*”°°+°* Subsequent capsid assembly is proposed to 
involve association of pentamers of these dimers linked by an interstitial dimer, with the VP1 
dimers adapting a bent or a flat conformation as required to form a closed icosahedral shell. 
Such a capsid assembly model predicts the coexistence of 10-mers (one pentamer of dimers) 
and 20-mers (association of two pentamers of dimers) as intermediates. Any pentamers of 
dimers were too transient to be detected by time-resolved small-angle x-ray scattering 
(SAXS) data in VLP assembly of a bovine norovirus VP1.°°? However, the data showed the 
existence of a stave-shaped intermediate with dimensions consistent with two pentamers of 
dimers connected by a single interstitial dimer (i.e., 11 dimers)®°° (Fig. 4.6). Formation of 
quasi 6-fold symmetry, as observed in the T = 3 structure, would be anticipated to be a 
kinetically slow process that would occur only upon interlocking of intermediates into the 
final capsid (Fig. 4.6). Such contacts would require a switch in and neutralization of the 
negative charge of the NTA of VP1 around the quasi 6-fold axes. NTA charge neutralization 
is thought to be achieved by interaction with the internally located, positively charged 


VpP2.°°7629 Consistent with this, VLPs produced by coexpression of VP2 and VP1 in contrast 
51 


to VP1 alone are more stable and structurally homogenous. 
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FIGURE 4.6 Norovirus capsid assembly model. All assemblies in A and B are 
drawn to the same scale. A: Small-angle x-ray scattering reconstruction shows 
that the VP1 dimer (left) of the capsid protein of a norovirus forms 10- or 11- 
dimer stave-like intermediates (middle) when assembling into the capsid. The 
intermediates are proposed to interlock to form the capsid (right).©°° B: A 
possible model for the intermediate consisting of 11 dimers is shown. VP1 
dimers (left) assemble into two pentamers of VP1 dimers that are linked via an 


interstitial dimer (middle, pink), which self-assemble into the T = 3 capsid (90 
dimers, right). The model is based on pieces of the NV capsid atomic 


structure.*”° In this scheme, the quasi sixfold axes are completed only at the 


final stage and imply neutralization of negative charges in the NTA,°"” a process 
that may be assisted by the positively charged VP2 (not shown). C: Cartoon of 
the 11-dimer intermediate structures (left) and a self- assembled capsid (right). 
(Images provided by S. Bressanelli; adapted from Tresset G, Le Coeur C, Bryche 
JF, et al. Norovirus capsid proteins self-assemble through biphasic kinetics via 
long-lived stave-like intermediates. (J Am Chem Soc 2013;135:15373-15381.) 


The inherent ability for calicivirus capsid self-assembly has facilitated genetic engineering 
and expression of modified and subviral forms of the capsid that have proven useful in 
several areas of research. For example, norovirus VLPs with a surface-exposed polyhistidine 
tag can be noncovalently modified to serve as nanocarriers,*’° while chimeric VLPs 
expressing foreign epitopes show utility as vaccine platforms.'** The S domain alone has 
been engineered to provide a nanoparticle platform for peptide expression.°°® Engineering of 
the P domain via modifications of the C-terminus results in generation of subviral particles 
termed “P particles” or “small P particles.” These particles are assembled from 12 dimers of 
the P domain with T = 1 symmetry and have facilitated structure and function studies of the 
viral capsid.°’* Recombinantly expressed P domains from noroviruses, which form “P 
dimers,” are recognized by antibodies and carbohydrates similarly to intact VLPs?’* and have 
been a critical tool in the field. In fact, most structural information on histoblood group 
antigen (HBGA) carbohydrate and antibody binding has originated from studies of 
recombinant P doniain, 6112 206 S28 599 540.577,S82 


GENOME STRUCTURE AND ORGANIZATION 


Caliciviruses have a linear, single-stranded, positive-sense RNA genome (ranging from ~6.4 
to 8.5 kb [kilobases] in length) (Fig. 4.7A). Genomes characteristically begin with a 5’-end 
terminal pGpU sequence that is covalently linked to a small protein, VPg. A short conserved 
region (CR) at the 5’ end is repeated internally in the genome near the beginning of a 
subgenomic-sized RNA transcript that is coterminal with the 3’ end of the 
genome.*!8.319,404,410,426 The nonstructural proteins are encoded beginning near the 5’ end of 
the genome, and the structural proteins (VP1 and VP2) are encoded toward the 3’ end of the 
genome in the region corresponding to a subgenomic RNA. Calicivirus genomes are 
organized into two or more major ORFs, depending on the genus. Viruses in the genera 
Norovirus, Recovirus, and Vesivirus encode the VP1 structural protein in a separate ORF 
(ORF2), whereas those in Bavovirus, Lagovirus, Minovirus, Nacovirus, Nebovirus, Salovirus, 
Sapovirus, and Valovirus encode a VP1 that is contiguous with the large nonstructural 


polyprotein in ORF1 (Fig. 4.7B). All caliciviruses have a relatively small ORF near the 3’ 
end that encodes the minor structural protein, VP2. The VP2 is variable in size (12,000- 


30,000 D) and sequence identity among the caliciviruses.°°°*4 MNV genomes analyzed thus 


far also contain a unique conserved ORF (ORF4)°°° overlapping with and beginning near the 
5’ end of ORF2. ORF4 encodes a protein of 23,800 D (designated VF1) that has been 
implicated in modulation of the host immune response.°*?”°’4 Some sapoviruses have a 
predicted ORF3 overlapping the capsid encoding region in ORF1, but a protein product has 
not been verified. !®4°9 
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FIGURE 4.7 Comparative features of calicivirus genomes. A: The positive- 
sense RNA genome is covalently linked to a VPg protein at the 5’ end and 
polyadenylated at the 3’ end. Nonstructural proteins are encoded beginning from 
the 5’ end of the genome, and the structural proteins are encoded toward the 3' 
end. A conserved region (CR) of nucleotide sequence is shared between the 5’ 
end of the viral genome and the 5’ end of an abundant subgenomic RNA species 
produced during replication that serves as a template for translation of the viral 
structural proteins. B: Calicivirus genome organization. Calicivirus genomes are 
organized so that the major capsid protein coding sequence is either in frame or 
not with the upstream nonstructural protein sequence. The genera of the 
Caliciviridae associated with each type of organization are indicated. A unique 
ORF4 has been identified in MNV, comprising genogroup (V) of the genus 
Norovirus. C: A large polyprotein (encoded in ORF1) is translated from the viral 
RNA genome, and it is processed into precursors and final products by a virus- 


encoded protease. The proteolytic processing strategy varies among the 
caliciviruses, but all viruses encode domains for at least seven protein functions 


indicated here as nonstructural (NS) proteins NS1 through NS7.°48 An extra 
cleavage site is present in the ORF1 of most caliciviruses in which the capsid 
protein sequence is in frame with the nonstructural polyprotein encoded in 
ORF1. Cleavage at this site is thought to release the VP1 from the polyprotein so 
that the RNA-dependent RNA polymerase (NS7) can adopt an active 
conformation early in the replicative cycle. A cleavage site unique to the 
vesiviruses is present to release the leader of the capsid protein (LC), from a 


capsid precursor encoded in ORF2.°°7 Mapped cleavage sites conserved and 
utilized among all calicivirus genera are indicated with a dark arrow; cleavage 
sites that vary in utilization among the family are indicated with a light arrow 
(see text). 


Reverse genetics systems based on full-length infectious cDNA clones (and positive-sense 
RNA transcripts derived from these clones) have been developed for a number of 
caliciviruses, including FCV and Hom-1 (Vesivirus),°**°°!°?° porcine enteric calicivirus 
(PEC) (Sapovirus),2? Tulane virus (Recovirus),°°° RHDV_  (Lagovirus),°*” MNV 
(Norovirus), ‘771°2-9!2,632,664 and human norovirus (Norovirus).*°7°74°> A replicon-bearing 
continuous cell line derived from the NV genome was also developed!” and has provided a 
useful platform for evaluating inhibitors of human norovirus replication. Transposon 
insertional mutagenesis scanning of the FCV* and MNV°”? genomes has been applied to 
genetic engineering of inserted (albeit unstable over multiple passages) foreign sequences. 


Viral Proteins 


Structural Proteins 


Three proteins are found in mature calicivirus virions: VP1, VP2, and VPg.°*° The VP1 
(~60,000 D), which is the major structural protein of the virus, is present in 180 copies (90 
dimers) per virion.*”° The predominance of VP1 in the formation of the viral capsid structure 
(see Virion Structure) is consistent with its critical role in determining the antigenic 
phenotype of the virus and its interactions with host cells. 

The VP2 (12,000—29,000 D) is considered a minor structural protein because it is less 
abundant in virion particles.!®*-!®.4© Evidence for a direct interaction between the VP1 and 


VP2 capsid proteins has been reported for both NV%)!8*183 and FCV!%*2°3 (See Virion 
Structure). Recent structural studies of FCV have shown that VP2 forms a portal at a 


specialized vertex of the capsid for the release of genomic RNA from the endosome!'? (See 


Virion Structure). Consistent with a role in the initiation of infection, the ablation of VP2 
expression in an infectious FCV complementary DNA (cDNA) clone by the introduction of a 
stop codon in its reading frame did not abolish RNA replication; however, infectious virions 


could not be recovered without an intact VP2.°*” 


The VPg is covalently linked to the genomic and subgenomic RNA in infected 
cells'4®!9 and is a minor component in virions at an estimated one or two copies per 


particle.°!®°4° Although the VPg is present in virions, it likely functions primarily as a 
nonstructural protein during replication (see Nonstructural Proteins). 


Nonstructural Proteins 


Caliciviruses derive their mature nonstructural proteins (designated here as NS1 through 
NS7) by proteolytic cleavage of a large polyprotein encoded in ORF1 (Fig. 4.7C).°4+ The 
length of the uncleaved polyprotein precursor is approximately 200,000 D (excluding in- 
frame VP1 capsid protein sequences). This large precursor has never been observed, most 
likely because proteolytic processing is rapid and cotranslational.**?***°? The proteolytic 
cleavages are mediated by a virus-encoded cysteine proteinase (NS6""). The location of 
the cleavage sites in the ORF1 polyprotein that define the borders of the final nonstructural 
protein cleavage products has been determined for calicivirus strains representing the genera 
Norovirus,*®°4348°48 Vesivirus,°*? Lagovirus,°°~©°" and Sapovirus.*°! Some variation is 
seen among the proteolytic processing strategies, but the overall gene order of the calicivirus 
nonstructural proteins is conserved. The lagoviruses, represented by RHDV, have the highest 
number (six) of mapped cleavage sites. The polyprotein of RHDV is cleaved at these six sites 
to release seven final products (designated as NS1 through NS7 in Fig. 4.7C and Table 4.2). 
Five cleavage sites for the norovirus ORF1 polyprotein (represented by Southampton virus) 
have been mapped that release six mature products.**°**° The noroviruses differ from the 
lagoviruses in that a protease cleavage site has not been directly mapped in the extreme N- 
terminal protein, although evidence suggests that additional processing (or modification) of 
the protein can occur in cells.°*>°*8 For example, at least 10 protease-containing precursors 
were identified in MNV-infected cells, whose activity is temporally and _ spatially 
regulated.°* The vesivirus cleavage map (represented by FCV) contains five mapped 
cleavage sites to release six mature nonstructural proteins, and each cleavage event is 
essential in the virus replication cycle.“ The vesiviruses show yet another variation in 
processing, in that no evidence exists for efficient viral protease—mediated cleavage between 
the protease (Pro) and polymerase (Pol) proteins, even in virus-infected cells.2°°°49°? In 
addition, vesiviruses bear a unique cleavage site in the capsid protein precursor protein that is 
processed by NS6"° to release the leader of the capsid (LC) from the major capsid protein, 
VP1°°2°°8 (Fig. 4.7C). The predicted nonstructural protein cleavage map of human sapovirus 
strain, Mc10, shows an overall similarity with that of the vesiviruses.*°! Sapoviruses (and 
several other caliciviruses in which the capsid region is in frame with the nonstructural 
polyprotein) bear an additional protease cleavage site in the ORF1 polyprotein between the 


polymerase and capsid coding regions. A number of stable precursor proteins have been 
described also for the caliciviruses, and it is likely that these proteins have unique functions 
in replication beyond those of the fully processed mature forms.°“4 


TABLE 4.2 Calicivirus nonstructural proteins 


~NS1 


NS1/2 or NS2? 


NS3 


NS4 


NSS 


NS6 


NS7 


p5.6, p16 


N-term, p48 


NTPase, p39 


"3A-like,” p20, p22 


VPg 


Proteinase (Pro) 


Polymerase (Pol), RdRP 


Cleavage and release essential for replication (FCV) 
Cytoplasmic and nuclear localization (RHDV) 

Binding partner with host cell VAP-A (HNV) 

FFAT mimic motif interacts with VAP-A (MNV) 

Golgi colocalization and disassembly (HNV) 
C-terminal hydrophobic region (HNV) 

Smooth ER membrane proliferation (HNV) 

Proximal association with lipid droplets (MNV) 
Predicted hydrolase domain (HNV) 

Determinant of colon tropism and persistence in mice (MNV) 
Bears caspase cleavage sites (MNV) 

Inherent structural disorder and multimerization (MNV) 
NTP binding, hydrolysis of NTP (RHDV, HNV) 
ATP-dependent RNA helicase activity (HNV) 

Induction of membrane rearrangements (HNV) 

RNA chaperone-like activity (MNV, HNV) 

Lipid and microtubule associated (MNV, HNV) 


Suppresses IRF3 activation (FCV) 


Forms stable precursor with VPg: proposed VPg anchor (FCV) 
Inhibits actin cytoskeleton remodeling (HNV) 

ER/Golgi trafficking antagonist (HNV) 

Induction of single-, double-, and multimembraned structures (HNV) 
Present in virions, covalently linked to RNA (VESV, FCV) 

Sequence homology with elF1A (HNV, FCV) 

Binding partner with elF3 (HNV) 


VPg-linked translation requires elF4a unwinding activity 
(FCV, MNV, PSV) 


Binding partner and translation function with elF4E (FCV, PSV) 
Binding partner with elF4G (MNV) 

Nucleotidylated by RdRP at conserved tyrosine (RHDV, HNV) 
Conserved tyrosine essential for replication of virus (FCV, NV) 
Functions in protein-primed RNA synthesis (NV) 

Linked to cellular trans-Golgi network protein 2 RNA in cells (NV) 
Compact helical core domains with flexible N and C termini (FCV, 


_MNV) 


Proteinase activity, cysteine in active site (HNV, FCV, RHDV, SV) 
Mediates cleavage of ORF1 polyprotein (HNV, FCV, HSV, RHDV) 
Mediates cleavage of capsid precursor protein, PreVP1 (FCV) 
Cleaves cellular proteins (FCV, HNV) 

Structural analysis shows chymotrypsin-like folding (NV) 
RNA-binding activity 

Contains RdRP motif hYGDDhhY/V (FCV, HNV, RHDV, HSV) 


549 

612 

159 

394 

167 
159,167 
136 

136 

136 
67,440 
548 

33 
381,471 
334 
136,661 
205,334 
120 

663 

549 

222 

S27 

136 
80,219 
553 

128 
102,228 


188,227 
113 
47,372 
406,560 
503 

560 

327 


66,348,448,553_ 
348,449,553,649 
553 
153,315,647 
421 

627 | 
242,388,403,424 


In vitro activity is primer-independent (RHDV, HNV, FCV) 46,170,618,637 


Protein (VPq)-primed RNA polymerase activity (HNV) 503 
Transcription activity on negative-strand template (RHDV) 410 
Enzymatically active as ProPol (NS6-7) precursor form (FCV, HNV) 46,637 
Active as a homodimer (HNYV) 226 
Interacts with VPg (FCV, MNV) 253,325 
Structural analysis reveals carboxy terminus in active site cleft 171,436 
(HNV, HSV) 

Phosphorylated by signaling kinase Akt (HNV) 149 


“The predominant form of the N-terminal ORF1 protein in noroviruses consists of an NS1/NS2 precursor that is not 
cleaved by the virus-encoded proteinase. In this table, the known properties of the norovirus NS1/NS2 protein are listed 
under N82. 


bvirus abbreviations: FCV, Feline calicivirus, and VESV, vesicular exanthema of swine virus, in genus Vesivirus; RHDV, 
rabbit hemorrhagic disease virus, in genus Lagovirus; HNV, human norovirus, and MNV, murine norovirus, in genus 
Norovirus; HSV, human sapovirus, and PSV, porcine sapovirus, in genus Sapovirus. 


The calicivirus dipeptide cleavage recognition sites are consistent with those described for 
the picornavirus 3C cysteine proteinase.*!* The calicivirus cleavage sites identified thus far 
have either a negatively charged glutamic acid (E) or polar glutamine (Q) in the first position 
(designated P1). More variation exists within the second position of the dipeptide cleavage 
site (designated P1'). Studies of the calicivirus proteinase substrate specificity have shown 
some tolerance in the P1’ position at certain cleavage sites.7!+°°**9 The conformation of the 
protein surrounding the dipeptide recognition site is also important for efficient cleavage by 


the proteinase.7!4°>4 


The availability of proteolytic cleavage maps for the calicivirus nonstructural 
polyproteins has enabled studies that elucidate the functions and structures of individual 
proteins. Biochemical studies first confirmed enzymatic activities in calicivirus proteins 
corresponding to an NTPase (NTPase or NS3N!Pase) 381 a chymotrypsin-like cysteine 
proteinase (Pro or NS6°"°),©° and an RNA-dependent RNA polymerase (Pol or NS7?°!),18 
The three-dimensional structures for the latter two enzymes have been reported. The 
norovirus Pro shares structural similarities with classical chymotrypsin-like serine 
proteases, 16°.299.419,421,543,669 A cleft containing the active site catalytic residues (His 30, Glu 
54, and Cys 139 for Norwalk virus) involved in substrate cleavage is located between the N- 
terminal B-barrel and the C-terminal twisted B-sheet domains. Substrate-binding pockets are 
shown to undergo slight conformational changes in response to sequence variations in the 
polyprotein cleavage sites.*‘” Comparison of a recently determined structure of catalytically 
active GII.4 norovirus protease with that of the GI.1 Norwalk virus shows a similar overall 
organization, but with noticeable conformational changes in the substrate-binding pockets 
and also in the three catalytic residues, which are arranged in a slightly different 
conformation (Fig. 4.8).°*°°°? Furthermore, an Arg residue (R122) is located within the 
active cleft that is observed to make a cation-pi interaction with the catalytic His residue (Fig. 


4.8, inset), thereby affecting GII.4 protease sensitivity to pH. Such differences might be 
important in the design of norovirus protease inhibitors among diverse strains. The norovirus 
RNA-dependent RNA polymerase has a classical “right-hand” (finger, thumb, and palm) 
organization,*°°°°? with the C-terminus of the protein positioned in the active site cleft (Fig. 
4.9A). Modeling of the interaction of Pol with an RNA template in the presence of 
manganese and CTP shows that the initiation of RNA synthesis occurs within the active site 
cleft (Fig. 4.9B—D). Binding of the primer/template RNA duplex displaces the C-terminal tail 
away from the active site, allowing the central helix of the thumb domain to position itself 
for interaction with the primer strand and minor groove of the primer-template duplex.°™ 
Two divalent metal ions (likely Mg?" in cells) help mediate catalysis by forming coordination 
bonds with three highly conserved aspartic acid residues and the nucleoside triphosphate 
(NTP). After nucleotidyl transfer has occurred, the pyrophosphate is released from the 
enzyme. The primer-template duplex is predicted to translocate in a manner that places the 
newly incorporated nucleotide into the same position as that of the 3’ end of the primer strand 
immediately prior to nucleotidyl transfer. This translocation process provides the space 
needed to form the binding site for the next incoming nucleoside triphosphate. 


FIGURE 4.8 Comparison of GI and GII norovirus protease active sites. 
Structural overlay of GII.4 HOV (cyan; PDB: 6NIR) and GI.1 Norwalk virus 
(yellow; PDB: 2FYQ) proteases. The inset shows the structural changes of bII- 
cII loop between HOV and NV proteases. Active site residues H30, E54, and 
C139 and the S2 substrate—binding pocket residues R112 are shown as stick 
models with nitrogen and oxygen atoms colored in blue and red, respectively. 
The cation-m interaction between R112 and H30 in HOV protease is indicated by 
a red double arrow. (Images provided by L. Hu and B.V.V. Prasad; adapted from 
Viskovska MA, Zhao B, Shanker S, et al. GII.4 norovirus protease shows pH- 


sensitive proteolysis with a unique ARG-HIS pairing in the catalytic site. J Virol 
2019;93(6). doi:10.1128/JV1I.01479-18; Zeitler CE, Estes MK, Venkataram 
Prasad BV. X-ray crystallographic structure of the Norwalk virus protease at 1.5- 
A resolution. J Virol 2006;80:5050—5058.) 


Norovirus RNA-Dependent RNA Polymerase 


Unbound Bound to primer-template RNA duplex, CTP, and Mn?* 
A B Cc D 


N-terminal N-terminal N-terminal 


N-terminal 


Fingers 


P&S. 
Finger Primer SS 


Front Front Top Side 


FIGURE 4.9 Structure of the norovirus RNA-dependent RNA polymerase. A: 
The norovirus RNA-dependent RNA polymerase adopts the classic “right-hand” 
structure characteristic of polynucleotide polymerases as shown in this stick 
model. The fingers (blue) and palm (green) domains form a rigid unit, while the 
thumb (red) domain is flexible and can assume either a “closed” or “open” 
conformation. An N-terminal domain bridges the fingers and thumb domains. 
When the polymerase is unbound to template, the C-terminal end of the protein 


appears to lie within the active site cleft.42© B-D:The front, top, and side views, 
respectively, of the Norwalk RNA polymerase bound to a primer-RNA duplex, 


CTP, and metal divalent cation, Mn2*. (Images provided by K. Ng; adapted from 
Ng KK, Cherney MM, Vazquez AL, et al. Crystal structures of active and 
inactive conformations of a caliciviral RNA-dependent RNA polymerase. J Biol 
Chem 2002;277:1381-1387; Ng KK, Pendas-Franco N, Rojo J, et al. Crystal 
structure of norwalk virus polymerase reveals the carboxyl terminus in the active 
site cleft. J Biol Chem 2004;279:16638-16645; Zamyatkin DF, Parra F, Alonso 
JM, et al. Structural insights into mechanisms of catalysis and inhibition in 


Norwalk virus polymerase. J Biol Chem 2008;283:7705—7712. Ref.4°°) 


Structure and function studies of the mapped calicivirus nonstructural proteins encoded in 
ORF1 are summarized in Table 4.2. The activities of replicative enzymes NS3 (NTPase), 


NS6 (proteinase), and NS7 (polymerase) are established, and knowledge of their structure 
has informed investigations of targeted inhibitors. The NSS (VPg), required for the 
infectivity of genomic RNA, is multifunctional, playing a role in both translation and RNA 
replication. The remaining proteins (NS1, NS2, and NS4) have all been associated, in some 
capacity, with intracellular membrane interactions. These interactions are likely important in 
forming a scaffold for the assembly of viral replication complexes in the cell,!°°7°9°°8 and 
elucidation of their effects on host cell pathways may also inform the design of therapeutic 
interventions. 


STAGES OF REPLICATION 


Replication Strategy 


The calicivirus replication strategy shares many features with those of other positive-strand 
RNA viruses (Fig. 4.10).°°° Caliciviruses attach and enter the cell, the RNA genome is 
released, and translation of the VPg-linked genome occurs via the host cell machinery. 
Certain newly translated viral proteins interact with the host cell to establish defined sites of 
virus replication (characteristically involving reorganized intracellular membranes), while 
other proteins function as replicative enzymes. Newly synthesized positive-strand RNA 
genomes are covalently linked to VPg and packaged into virions that are released from cells 
via lytic and nonlytic mechanisms. The replication cycle of a calicivirus is rapid: new viral 
progeny can be detected within hours after infection. 


Replication Cycle Step 


— Junction adhesion molecule-1 (FCV, Hom-1) 

— CD300If (MNV) 

— Sialic acid (FCV, MNV) 

— Histo-blood group carbohydrates (HNV, RHDYV, Tulane) 
— Heparan sulfate proteoglycan (HNV) CD300lIf (MNV) 
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FIGURE 4.10 Schematic diagram of the proposed replication strategy of the 
caliciviruses. Consistent with other positive-strand RNA viruses, the replication 


cycle of a calicivirus involves the following stages: (1) entry, (2) uncoating, (3) 
translation, (4) RNA replication, (5) maturation, and (6) release, as reviewed in 
the text. 


Mechanism of Attachment 


Many caliciviruses interact with host cell surface glycans that serve as attachment factors to 
facilitate infection (Fig. 4.11). The specificity of these interactions plays an important role in 
the determination of host range and tissue tropism, and there is considerable diversity among 
calicivirus strains in their glycan binding profiles (Table 4.3). Human and bovine noroviruses 
bind to various HBGA carbohydrate moieties, heparan sulfate proteoglycans, and sialylated 
glycans. 10.382,971,579,635,666 NMNVs recognize sialic acids on glycolipids and N- and/or O- 
linked — glycoproteins.°°°°°' = Glycan interactions have been described for 
lagoviruses,**°444“*4 recoviruses,’’° sapoviruses,~°0°” and vesiviruses.?!0°°8 Structure and 
function studies have verified a number of these interactions and defined the location of 
glycan binding sites on calicivirus capsids®?-!!*°-376 (Fig. 4.12). Additional binding ligands 
for noroviruses have been noted (such as bacterial HBGA-like moieties), but their role in the 
initiation of infection is not known.!° 
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FIGURE 4.11 Schematics of calicivirus entry into host cells. Caliciviruses bind 
to host cells via interaction with glycans, which serve as attachment factors. This 
is followed by engagement with a proteinaceous entry receptor. These receptor 
interactions likely trigger receptor clustering and initiate internalization of virus 
particles by the endocytic pathway. The uptake pathway differs among 


caliciviruses. Murine norovirus uptake is pH independent*®” but dependent on 
cholesterol and dynamin q480,468 and via a nonclathrin and noncaveolin 


pathway. Feline calicivirus entry is pH dependent and via clathrin-mediated 
endocytosis.°°’ Porcine sapovirus entry requires dynamin II, cholesterol, and 


actin to enter via clathrin-mediated endocytosis.°*? Escape from the endosome 
may then be mediated by the minor capsid VP2, which forms a portal across the 


endosomal membrane in FCV infection.//° Inset: In the case of murine 


norovirus, interaction with the proteinaceous receptor CD3001f*°° occurs in 


place of the natural lipid ligands with CD300If and is facilitated by cofactors bile 
429 


acids and cations. 
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FIGURE 4.12 Interaction of representative norovirus VP1 dimers with H 
carbohydrates from histoblood group antigens. For both GI.1 and GII.4 
noroviruses, HBGA carbohydrates interact with the distal surface of the capsid, 
but differences in these interactions have been noted. A: The Norwalk virus 
(GI.1) carbohydrate-binding site contains residues that project from a well- 
structured antiparallel 6-sheet near the P domain dimeric interface and favors a 
precise and limited recognition of a terminal Gal-Fuc or Gal-acetamido 
combination. B: In contrast, the VA387 (GII.4) binding site is formed by residues 
located in two surface-exposed loops near the P domain dimeric interface that 
broadly recognize a terminal fucosyl moiety. (Images provided by B.V.V. Prasad 
with data adapted from Cao S, Lou Z, Tan M, et al. Structural basis for the 
recognition of blood group trisaccharides by norovirus. J Virol 2007;81:5949— 
5957; Choi JM, Hutson AM, Estes MK, et al. Atomic resolution structural 
characterization of recognition of histo-blood group antigens by Norwalk virus. 
Proc Natl Acad Sci U S A 2008;105:9175-—9180.) 


Following the interaction with carbohydrate attachment factors, caliciviruses interact with a 
proteinaceous entry receptor. The identity of the first experimentally verified cellular receptor 
was for FCV, the junction adhesion molecule-1 (JAM-1, also called JAM-A), an 


immunoglobulin-like cellular membrane protein.?’* A homologous protein, human JAM-1 


(JAM-A), also serves as the receptor for Hom-1 vesivirus.°°! FCV interacts with feline (f) 
JAM-1 through binding of the P2 domain of the capsid to the distal membrane domain (D1) 
of fJAM-1 and triggers irreversible conformational changes in the virus capsid.°° Mutational 
analysis has confirmed two residues in the viral capsid that bind to the receptor.** The 
second verified proteinaceous receptor for caliciviruses is the MNV entry receptor CD300If 
(also named CLM-1, CMRF35, MAIR-V, LMIR3). It was independently identified by two 
groups through an unbiased CRISPR/Cas9 screen in BV2 (murine microglial cells) or RAW 
264.7 cells (murine macrophages) using multiple MNV strains.*°'4°4 CD300If is a cell 
surface-expressed, immunoglobulin (Ig)-like domain-containing, lipid-binding protein (e.g., 
ceramide, phosphatidylcholine, phosphatidylserine). MNV binding and infection are blocked 
by incubation with an anti-CD300lf antibody, soluble CD300I£ ectodomain, or deletion of the 
gene. Expression of murine CD300lf or the related molecule CD300ld (which have highly 
homologous ectodomains), but not human CD300f, makes cells susceptible to MNV 
infection, including non-murine cells. CD300If is the primary receptor in vivo since CD300If- 
deficient mice are resistant to MNV infection as indicated by the absence of fecal 
shedding.*** Thus, receptor availability is a major determinant of species specificity and 
tissue tropism. Mutational and structural analysis identified residues in the CC’ and CDR3 
loops of CD300If and the capsid P2 domain that mediate the interaction.2°)77°*9-4>* Virus 
binding to the receptor occurs in the same location as lipid binding, making this interaction 
an example of viral mimicry of a natural ligand.**? Furthermore, the receptor binding site on 
the viral capsid overlaps with the epitopes of two neutralizing antibodies (named A6.2, 2D3), 
suggesting inhibition of receptor binding as one mechanism of neutralization.*’°**? The 
binding affinity between one CD300If molecule and one viral capsid protein is low (KD ~ 25 
uM) in biochemical assays,*~” indicating other factors strengthen the interaction. Structural 
and functional analysis identified divalent cations and bile acids (especially GCDCA) as 
cofactors that enhance binding and infection?’>**? (Fig. 4.11, inset). The binding sites for 
two bile acid molecules and three cations in each capsid protein are distant from the CD300lf 
binding site, and none of these interactions induced structural rearrangements in the MNV P 
domain visible by crystallography.**? Clustering of CD300If molecules to increase avidity is 
another proposed factor that likely strengthens the interaction between the virion and the 
receptor (Fig. 4.11). Other proteins that facilitate calicivirus entry have also been identified. 
Specifically, the tight junction protein occludin was shown to directly bind to porcine 
sapovirus and to function as a coreceptor, while claudin 1 did not directly bind to the virus 
but facilitated infection and was thus proposed to serve as an entry factor.° In addition to 
CD300lf, MNV-1 also binds to the extracellular domains of murine CD36, CD98 heavy chain 
(CD98), and transferrin receptor 1 TfRc, which promoted binding to dendritic cells (CD36) 
or murine macrophages (CD98 and TfRc) in a cell-type-specific manner.”° 


Mechanism of Entry and Intracellular Trafficking 


Following engagement with viral receptors, clustering of receptors in membrane domains 
may contribute to virion internalization (Fig. 4.11). Consistent with receptor clustering are 


the following data: (a) Engagement of HBGAs on glycolipids by human norovirus VLPs 
results in invaginations in unilamellar vesicles and VLP clustering,*°*°°? (b) MNV entry is 
dependent on cholesterol,!®°“°8 virion binding leads to the aggregation of detergent-resistant 
membrane domains,~’ and (c) inhibition of synthesis of sphingolipid and ceramide, 
molecules required for membrane fluidity and dynamics, is critical for CD300If cell surface 
arrangement and MNV infection.*°° Endocytic uptake of MNV further requires dynamin II, 
but not clathrin, caveolin, or low pH!®°.46.49 (Fig. 4.11). FCV, on the other hand, requires 
low pH and is endocytosed via a clathrin-mediated uptake pathway.°°%°°” Its internalization 
was proposed to be initiated following binding to fJAM-1 and disruption of the fJAM-1 
homodimer.!!° In the case of porcine sapovirus, virions are internalized by clathrin- and 
cholesterol-mediated endocytosis that requires dynamin II and actin rearrangement and 
traffic to late endosomes via early endosomes in complex with the coreceptor occludin. °4 


Uncoating 


The uncoating events that allow the calicivirus positive-sense RNA genome to become 
accessible to the cellular translational machinery have not been defined in detail. However, 
similar to other viruses, receptor engagement, low pH, and/or ion flux in endosomes may all 
serve as triggers for RNA release into the cytosol (Fig. 4.11). Uncoating is a rapid process: 
MNV genome was released within 1 hour after infection*®® but independent of pH.*°° 
Consistent with a pH-independent trigger, norovirus (NV) VLPs are stable under acidic 
conditions, but disassociation occurs under alkaline conditions.°** In FCV, binding to the 
cellular receptor induces a conformational change in the capsid,°* which ultimately leads to 


the formation of a portal vertex at a unique 3-fold axis.!'° A dodecameric assembly of VP2 
protrudes from this vertex to form a channel through which viral RNA is released from the 
endosome into the cytosol'!? (Fig. 4.11). Intriguingly, no significant structural 
rearrangements are observed upon CD300If binding to the MNV P domain.*? However, no 
structural information of the full-length VP1 capsid protein or virions during receptor binding 
is currently available. 


Translation 


Calicivirus genomic RNA in virions requires the presence of the covalently linked VPg 
protein in order to establish an infection after release (or transfection) into cells.°° The 
initiation of translation of the incoming positive-strand genome is likely mediated through 
interactions of the VPg protein with the cellular translation machinery.!0*!281°8 Direct 
interactions of host cell proteins with viral RNA may also mediate translation 
efficiency.!9°.199.229,299 Calicivirus replication is associated with an inhibition of host cell 
translation, and the viral proteinase (NS6™) has been shown to cleave certain cellular 
proteins involved in translation, which may, in part, give the viral RNA a competitive 
advantage.?!° The ORF1 of the virus is translated first to produce a large polyprotein, which 


is processed rapidly into precursors and products by NS6°"° at several essential cleavage 
sites.°4° Certain of these nonstructural proteins and their precursors function to set up 
replication sites within the host cell,°-'%°° while others (such as the RNA-dependent RNA 
polymerase, NS7?°) play a direct role in replication of the viral RNA (Table 4.2). 


An abundant VPg-linked subgenomic positive-strand RNA serves as a bicistronic 
message for translation of the structural proteins, VP1 and VP2.7!®47° Regulation of 
translation of VP2 from the subgenomic RNA (translated at ~20% of the levels of VP1) was 
mapped to an upstream RNA sequence element in the 3’-end VP1 coding region of 
approximately 70 nucleotides designated as the termination upstream ribosomal binding site 
(TURBS).700.401,402,638 The TURBS site contains two motifs, one of which mediates base 
pairing between the viral subgenomic messenger RNA and the cellular 18S ribosomal 
subunit.*°* This interaction may function as a “tether,” positioning the ribosome for 
immediate reinitiation of translation following termination of translation of the VP1 gene.°°’ 
Translation of the VF1 protein, encoded in an alternative ORF‘ within the VP1 coding region 
of the MNV genome, likely occurs through a leaky scanning mechanism.°%” 


Replication of Genomic Nucleic Acid 


As with all other positive-strand RNA viruses, the replication of calicivirus RNA is 
associated with host cell membranes.°?-!26199,239 A marked rearrangement of intracellular 
membranes occurs, and evidence exists for the initiation of RNA replication in a perinuclear 
site that contains membranes associated with endoplasmic reticulum, trans-Golgi network, 
and endosomal membrane markers.°”:!°°7°9 This early replication complex is localized 
proximal to the microtubule-organizing center in MNV-infected cells, with VP1 associated 
with the redistribution of acetylated tubulin to the complex.*°* The initiation of synthesis of 
an antisense (negative) strand RNA from the genomic RNA template occurs beginning at the 
3’ end of the genomic positive-strand RNA, and interactions with a number of cellular 
proteins with viral RNA have been identified that could play a role in RNA transcription and 
replication.!99-7°>!© The negative-strand RNA, in turn, serves as a template for transcription 
of two major positive-strand RNA species corresponding to the full-length genome (genomic 
RNA) and the approximately one-third of the genome toward the 3’ end (subgenomic 
RNA).476 


The calicivirus RNA genome bears conserved regions of secondary structure,°©2-476°6 


and functional RNA regulatory elements have been mapped both internally and near the ends 
of the genome.®*! Transcription from the start site for the subgenomic RNA species on the 
negative-strand template (nt 5,296 of RHDV) was found to require an upstream sequence of 
50 nt for full polymerase activity in in vitro studies,*!° consistent with its role in the 
formation of a subgenomic promoter. The corresponding region of MNV was mapped also as 
bearing a promoter for subgenomic RNA synthesis from the negative-strand template*?®°°> 


Assembly 


A two-stage process has been proposed for the maturation of calicivirus (FCV) particles.°?! 
The first stage involves the rapid aggregation and assembly of capsid precursor proteins into 
5S subunits that then pass through several intermediate forms (with varying stability) to form 
stable 15S subunits. The second stage involves the association of 15S subunits with newly 
synthesized RNA genomes to form infectious particles (that sediment at 170S). Protein— 
protein interactions have been detected between the FCV VPg (covalently linked to the RNA 
genome) and the capsid precursor as well as between the RNA-dependent RNA polymerase 
NS7?°! and the capsid precursor, suggesting that these interactions may be related to 
packaging of the newly synthesized RNA into the viral capsid.*°° In addition, successful 
assembly of the infectious FCV virions was linked to an efficient expression of the virus 
minor capsid protein, VP2.°47 


The VPg-linked genomic and subgenomic positive-strand RNA species are found in FCV 
and RHDV particles of distinct densities, indicating that they are not packaged together in the 
same virion.*°*4*° The incorporation of subgenomic RNA into the lower density (LD) 
particles suggests that a packaging signal is located within the 3’ terminal 2,400 nucleotides 
of the genome. It has been suggested that LD particles (which would not be infectious) may 
be associated with FCV strains of higher virulence, but their function, if any, in the virus life 
cycle is unknown.*~° The existence of defective interfering (DI) particles has been suggested, 
but not confirmed experimentally for caliciviruses.*°° 


Release 


Virus progeny can be detected in cell culture medium within hours of infection, prior to 
visible cytopathic effect and cell lysis. One mechanism for this early nonlytic release may 
involve the egress of viruses within exosomal vesicles, utilizing intracellular membrane 
trafficking pathways.°!° Eventually, calicivirus-infected cells undergo cell death and lysis, 
and it is presumed that the majority of progeny viruses are released during this process. The 
triggering of apoptosis has been associated with calicivirus infection both in 
vitro !2.64172,423,550 and in vivo,!04270,413,418,490,604 and apoptotic changes in cellular 
membranes may be one of the death mechanisms by which cells lyse and release viral 
particles. 


PATHOGENESIS AND PATHOLOGY 


Caliciviruses cause a broad range of diseases in many different animal hosts (Table 4.4). This 
section will focus on the noroviruses, but there are important common themes in 
pathogenesis shared by all caliciviruses. Illnesses range from mild to life threatening, and 
evidence exists for the emergence of calicivirus strains with increased virulence. 


Asymptomatic infections occur in susceptible populations,°°?*”* and shedding of virus can 


occur days to weeks after resolution of acute symptoms.*”!772°8499 Caliciviruses can 
establish a chronic carrier state in a number of hosts, with varying proposed mechanisms of 


persistence. !*1191,617 


TABLE 4.4 Pathogenesis and disease manifestations of representative 


calicivirus strains 


Norwalk virus Norovirus Human Enteric Gastroenteritis 
Jena virus Norovirus Cattle Enteric Gastroenteritis 
Murine norovirus (MNV-1-like) Norovirus Mouse Distal SI, lymphoid Acute systemic but limited diseases 
Murine norovirus (CR6-like) Norovirus Mouse Colon (tuft cells) Persistent, asymptomatic 
Pistoia virus Norovirus Lion Enteric Hemorrhagic enteritis 
Canine norovirus Norovirus Dog Enteric Gastroenteritis 
Porcine norovirus CH6 Norovirus Pig Enteric Gastroenteritis 
Sapporo virus Sapovirus Human Enteric Gastroenteritis 
Porcine enteric calicivirus (Cowden) Sapovirus Pig Enteric Gastroenteritis 
Mink enteric calicivirus Sapovirus Mink Enteric Gastroenteritis 
Rabbit hemorrhagic disease virus Lagovirus Rabbit Liver, systemic Organ dysfunction, pulmonary 
hemorthage* 
Rabbit calicivirus Lagovirus Rabbit Liver Asymptomatic 
European brown hare syndrome Lagovirus Hare Liver, systemic Organ dysfunction, pulmonary 
virus hemorrhage® 
Bovine enteric calicivirus Nebovirus Cattle Enteric Gastroenteritis 
(Newbury-1 virus) 
Bovine enteric calicivirus Nebovirus Cattle Enteric Gastroenteritis 
(Nebraska virus) 
Feline calicivirus Vesivirus Cat Mouth, upper respiratory Stomatitis, pneumonia 
"Feline calicivirus-VS Vesivirus Cat Systemic Fulminant organ dysfunction’ 
San Miguel sea lion virus (SMSV) Vesivirus Sea lion Mucosal, systemic Skin (flipper) lesions, pneumonia 
Canine calicivirus (No. 48) Vesivirus Dog Enteric Gastroenteritis 
Vesivirus isolate 2117 Vesivirus Unknown Unknown Unknown? 
Hom-1 (SMSV to human) Vesivirus Human Mucosal Skin lesions 
Tulane virus Recovirus Monkey Enteric Gastroenteritis 
St. Valérien virus (AB90) Valovirus Pig Enteric Not established 
Bayern virus Bavovirus Chicken Enteric Not established 


4site of replication is based on observed pathological effects in tissue and, in some cases, confirmed by 
immunohistochemistry. For many caliciviruses, the primary site of replication in the host has not been fully established. In 
general, infection outcome in the family Caliciviridae can range from asymptomatic (subclinical) to lethal. 


bThe characteristic clinical disease associated with each representative calicivirus strain is shown. St. Valérien virus?!® and 


Bayern virus°°* were detected in screening surveys of nonselected stool specimens: the clinical disease outcome has not 
been established. Norwalk virus, representative of the human noroviruses associated with acute gastroenteritis, is generally 
associated with self-limiting vomiting and diarrhea of 24- to 48-hour duration. However, the illness can be severe and life- 
threatening in certain individuals (see text). 

“Most variants of the MNV-1 strain of murine norovirus are lethal only in certain mice that lack an innate immune system, 
but evidence exists for varying pathogenicity among MNV strains and variants,202»986 


dg pporo virus, representative of the human sapoviruses associated with acute gastroenteritis, has most often been 


associated with self-limiting gastroenteritis in younger age groups, as opposed to norovirus, which occurs in all age 
groups.109 

Rabbit hemorrhagic disease virus was first recognized as a highly lethal disease in rabbits, but there are a wide range of 
disease manifestations in lagomorphs.222 
feline calicivirus strains have emerged in recent years designated as “virulent systemic” (VS) that are associated with high 


morbidity and mortality in cats. In addition, the virus can cause a persistent, asymptomatic infection in cats, 485 


8Vesivirus 2117 was discovered as a contaminant in cultured Chinese hamster ovary cells.447 


Adult volunteer studies have been successful in defining important features of human 
norovirus gastroenteritis, pathogenesis, and immunity.*°° Presently, there is no animal model 
that directly recapitulates the full range of disease symptoms observed in humans (see 
Clinical Features),°°! but animals in which evidence for infection has been reported 
following challenge with human noroviruses include gnotobiotic piglets!°* and calves,?>4 
monkeys*?*°°! and chimpanzees,°*°°’ and immunocompromised mice.°’° In addition, much 
information about norovirus biology has been learned from MNV infection of mice as 
detailed below.*° 


Entry into the Host 


Noroviruses enter the body predominantly via the oral route. Studies in human volunteers 
demonstrated that the Norwalk, Hawaii, Montgomery County, and Snow Mountain viruses 
induced gastroenteritis when administered orally.'40.'41247991411955,656 Virions are acid 
stable, consistent with an ability to survive passage through the stomach. Indirect evidence 
from epidemiologic studies suggests that human noroviruses can enter also via aerosols, such 
as those generated by the _ explosive vomiting that often occurs during 
illness.8°.90.289,383,384,464 During experimental infection, MNV is also infectious via intranasal 
and intracerebral routes during experimental infection,*°° while human noroviruses establish 
an enteric infection in gnotobiotic piglets!°* and chimpanzees®? when administered by the 
intravenous route. 


The mechanism by which caliciviruses enter the host following exposure by various 
routes remains ill-defined. Studies with MNV have demonstrated a critical role for microfold 
(M) cells as the portal of entry into the host intestine.*°* M cells are specialized intestinal 
epithelial cells primarily located in follicle-associated epithelium overlaying mucosa- 
associated lymphoid tissues. These cells transcytose particulate antigen from the lumen into 
the host interior. Mice deficient in Peyer patches (small intestinal lymphoid follicles) and 
associated M cells are resistant to oral infection with at least two MNV strains (MNV-1 and 
MNV.CR3).*°’ Furthermore, antibody depletion of M cells via successive rounds of anti- 
RANKL antibody administration in Balb/c mice significantly reduced MNV infectious titers 


in multiple intestinal sites and in fecal shedding.'®’ The ability of MNV to be transcytosed 


across an intestinal epithelial monolayer via M cells was also recapitulated in cell culture.!°° 
No infection of M cells was observed either in vitro or in vivo, consistent with the absence of 


expression of the MNV receptor CD300If in this cell type. Thus, M cells are not an MNV 
target cell but instead mediate viral transport across the epithelial monolayer for subsequent 
infection of target cells. Whether M cells play a similar role during infection with other 
noroviruses or caliciviruses in general is unknown. 


Site of Primary Replication 


The tissue site of primary replication has been established for MNV. Depending on the virus 
strain, infection initiates in Peyer patches of the distal small intestine (MNV-1 strain), or in 


the cecum (MNV.CR3 strain), following M cell transcytosis.!°”!9° For other noroviruses, 
there is evidence for primary replication in the upper intestinal tract. Consistent with this, 
human intestinal enteroids derived from the small intestine (jejunum, duodenum, ileum) but 
not the large intestine (colon) support human norovirus infection in vitro.!!®'©° Further 
support comes from in vivo analysis. Jejunal biopsies of volunteers who develop 
gastrointestinal illness following oral administration of Norwalk or Hawaii virus exhibit 


histopathologic lesions.*!4*29°*! Histologic lesions are not observed in the gastric fundus, 
antrum, or rectal mucosa of volunteers with NV-induced illness.°“* During acute infection, a 
broadening and blunting of the villi of the proximal small intestine and infiltration of 
mononuclear cells occur. Characteristic jejunal lesions have also been observed in volunteers 
who were fed NV or Hawaii virus but who did not become ill.29°°2°°2! Cellular infiltrates 


and villus blunting are also observed in pediatric patients infected with human norovirus*!? 
and in duodenal biopsies from immunocompetent individuals with acute norovirus 


gastroenteritis.°°* For large animal caliciviruses, blunting and atrophy of the villi is observed 
in the small intestines of pigs infected with PEC, a sapovirus,'©? and in newborn calves 
infected with Jena virus, a bovine norovirus.*°® 


Cell and Tissue Tropism 


MNV has an established dual target cell tropism of immune cells and tuft cells, a specialized 
intestinal epithelial cell type.°°* Cellular tropism is determined by expression of the viral 
receptor CD300If on cells,*°* but genetic differences among MNV strains may influence in 
vivo tropism. Consistent with this, CD300lf-expressing immune cells in gastrointestinal 
lymphoid tissues have been established as the primary target cells for many MNV strains 
(such as MNV-1) during acute infection.'°° Certain other MNV strains (such as CR6) have 
been detected in rare CD300If-expressing tuft cells°*° during persistent infection. It is not yet 
clear whether these strains also infect tuft cells during the initial infection to establish the 
persistent reservoir. MNV also infects inflammatory monocytes and neutrophils, which can 
promote dissemination of the virus under certain conditions.°'’ The in vivo tropism for 
immune cells is largely recapitulated in vitro, whereby MNV infects macrophages, dendritic 
cells, and T and B cells in culture. !92.248,693 


The cellular tropisms of other noroviruses will not be clarified until their entry receptors 


are identified. To date, immunofluorescence studies of intestinal biopsies from 
immunocompromised patients detected norovirus capsid antigen-positive cells in enterocytes 
at the villus tips and cells positive for CD3, CD68, or DC-SIGN, which are markers for T 
cells, macrophages, and dendritic cells, respectively.*©° In this same study, co-localization of 
capsid and nonstructural protein expression was observed only in enterocytes, leading the 
authors to conclude that epithelial cells could support viral replication.*°° A non-epithelial 
tropism is consistent with a previous study in humans, in which Sakai virus (a GI norovirus) 
was shown to bind to cells within the lamina propria and Brunner glands of human 
duodenum but not the epithelium.°* However, in another binding study, NV virus VLPs 
bound to the surface of epithelial cells in human biopsies, but not lamina propria.°° 
Chimpanzees infected with NV displayed NV capsid antigen-positive cells within the lamina 
propria of the upper small intestine.°’ GII.4 human norovirus antigen was detected in 
macrophages in immunocompromised mice?”® and in enterocytes in the duodenum and 
jejunum of gnotobiotic piglets.‘°* Lastly, macrophages, dendritic cells, and lymphocytes 
were positive for GII human norovirus capsid protein in miniature piglets.°*” Taken together, 
these data implicate the involvement of epithelial and non-epithelial cell types during human 
norovirus infection. However, binding of virus or VLPs to tissue or the presence of capsid 
antigen in cells may not necessarily reflect active replication. Thus, it will be critical in the 
future to confirm these findings with additional evidence such as the detection of negative- 
sense RNA as was demonstrated with MNV.!°° 


Two newly developed in vitro culture systems support a possible dual-tropic nature of 
human noroviruses. Some GIT human noroviruses infect established human B-cell lines in 
culture.**° Infection is dependent on the viral attachment factor HBGA, in synthetic form or 
expressed by commensal bacteria. In a second cell culture model, multiple human norovirus 
Strains were shown to replicate in human intestinal organoids derived from the small 
intestine.!°° Only differentiated cultures enriched in mature enterocytes (i.e., absorptive 
columnar intestinal epithelial cells) supported infection. Bile enhanced or was required for 
viral replication in a virus genotype-dependent manner. This culture system also recapitulated 
the dependence of some genotypes on HBGAs. However, in contrast to the B-cell system, 
HBGAs were expressed on the surface of the intestinal epithelial cells. 


While noroviruses infect many different mammals, bovine norovirus is the only other 
norovirus whose cellular tropism has been investigated to date. Following Jena virus 
infection of calves, intestinal epithelial cells stained positive for capsid antigens in the 
cytoplasm, while macrophage-like cells in the lamina propria and Peyer patch domes 
contained capsid antigen-positive granular deposits.*°®? Whether the latter represent 
phagocytosed infected epithelial cells as proposed by the authors or bona fide infected cells 
remains to be determined. To date, no cell culture system has been described for bovine 
noroviruses to verify the cellular tropism. 


Taken together, the long-held assumption that noroviruses exclusively infect intestinal 
epithelial cells has changed over the past decade. Recent data support a more complex 


tropism and interplay of intestinal epithelial and nonepithelial cells during norovirus 
pathogenesis. Additional studies in humans with fully functioning immune systems and with 
norovirus strains from different genogroups as well as different mammalian hosts are 
required to reveal the complete extent of the cell and tissue tropism for viruses across the 
family. 


Spread in the Host 


Following virus replication at the initial site of infection, noroviruses can spread inside the 
host beyond the initial site of replication in the intestine. In the case of MNV, the extent of 
extraintestinal spread is strain dependent. The acutely replicating strain MNV-1 (isolates 
CW3 or CW1) and the persistently replicating strain MNV.CR3 can spread to mesenteric 
lymph nodes and the spleen but less frequently to the liver or lung.*!®°®° Other persistent 
strains (e.g., MNV.CR6, MNV-3) typically do not spread beyond the mesenteric lymph 
nodes.*°*49” Spread to secondary lymphoid tissues is mediated by CD11c-positive dendritic 
cells, since MNV.CR3 is unable to spread to the mesenteric lymph nodes or spleen when 
these cells are depleted from mice.!°° In the case of MNV-1, systemic spread was mediated 
by recruitment of susceptible monocytes and neutrophils following virus-triggered 
inflammation.°!” 


Human norovirus RNA has not been detected in the sera of immunocompetent infected 
adult volunteers.4°* However, there are reports of the detection of norovirus RNA in various 
clinical specimens, suggesting that under certain conditions, the virus might spread beyond 
the initial site of infection in the intestine. Viral RNA has been detected in the serum and 
cerebrospinal fluid of a 23-month-old patient with encephalopathy.**! Norovirus has also 
been associated with cases of benign convulsions with mild gastroenteritis*’’ and more 
severe outcomes of encephalitis/encephalopathy, particularly in very young children.°°! 
However, only stool samples were tested for viral RNA, and/or viral RNA was undetectable 
in the cerebrospinal fluid. Additional studies have also detected human norovirus RNA in the 
serum of some patients, suggesting viremia occurs under some circumstances, such as in the 
context of very young patient age, increased disease severity, and/or high viral loads during 
acute norovirus gastroenteritis.2°°-494°7 


Immune Response 


Immunity to noroviruses in humans is poorly understood. Human norovirus infections can be 
symptomatic or asymptomatic, with up to one-third of individuals being asymptomatically 
infected.**! Resistance to norovirus illness involves a complex interplay between host 
genetics (see Mechanisms of Attachment), immune status, and exposure to evolving 
norovirus strains. Studies in the MNV mouse model have demonstrated that innate immune 
responses control the extent of norovirus infection, while adaptive immune responses are 
critical in clearing infection. 


Innate Immunity 


The innate immune response is of critical importance in limiting norovirus infection and 
initiating memory-generating adaptive responses. Human norovirus replication is inhibited 
by exogenous type I, II, or III interferon (IFN) treatment in vitro and in vivo.!0.127,299.482 A 
screen of known interferon-stimulated genes (ISGs) in NV replicon-containing cells 
identified IRF1, RIG-I, and MDAS as potent anti-norovirus effectors, while RTP4 and HPSE 
had moderate antiviral activity.'*’ Paradoxically, no IFN-B responses or ISGs are induced 
during human norovirus RNA replication (GI.1 and GII.3) following transfection or addition 
of VLPs in transformed cells.!*”4* However, no data are yet available regarding innate 
antiviral responses during human norovirus infection in primary cells. Innate immune 
responses are also critically important in the control of MNV infections.*° Indeed, MNV-1 
causes a disseminated, lethal infection in certain mouse strains deficient in components of the 
innate immune system (i.e., STAT1, IFNAR/IFNAGR double knockout, or IRF3/5/7 triple 
knockout)*°>?° and replicates to higher titers in mice deficient in pattern recognition 
receptors (specifically MDA5, TLR3, and NLRP6) or interferon signal transduction 
components (IRF1, IRF3, IRF7).°”9°°>®! Similarly, HOIL-1 (heme-oxidized IRP2 ubiquitin 
ligase-1), a component of LUBAC (linear ubiquitin chain assembly complex), which 
mediates type I and III IFN induction via MDAS and IRF3, also reduces viral infection.*’! 
For the persistent MNV.CR6 strain, mice with the aforementioned defects display higher 
viral loads and increased fecal shedding (i.e., IFNLR1 -/-, STAT1-/—) or systemic infection 
(i.e., IFNAR-/-—). In most cases, increased viral replication is also seen in vitro in bone 
marrow-derived macrophages and dendritic cells lacking these molecules, confirming the 
essential role of IFN signaling for control of MNV infection at the cellular and host level. 
One of the ISGs that has been further investigated during infection is ISG15. It limits MNV 
infection early in the viral life cycle during entry or uncoating.°°° Taken together, a picture 
emerges whereby type I IFNs control systemic MNV infection in myeloid cells, while type 
III IFNs control persistent infection in tuft cells. Opposing these multiple host defense 
mechanisms is the viral protein VF1 (virulence factor 1), which delays the IFN response via 
an unknown mechanism.°*?’ Other mediators of the intrinsic host response also exhibit anti- 
MNV activity. Specifically, autophagy-related gene proteins (i.e, Atg5, Atg7, Atg12, 
Atg16L1) mark viral replication complexes and recruit interferon-inducible GTPases to block 
viral replication in an IFN-dependent manner.”* In addition, a recent genome-wide CRISPR 
activation screen in HeLa cells expressing the MNV receptor CD300lIf identified a number of 
genes with anti-MNV activity that functioned not only in IFN signaling and cytokine 
responses but also in genes involved in RNA polymerase expression and embryogenesis.*>4 
Transcriptomic analysis showed that innate immune pathways are major response pathways 
of cells to MNV infection. !°47°° 


Other caliciviruses have also been shown to be sensitive to various types of interferon in 
vitro, and infections are limited by ISGs.9%:100,101,283,346,408,663 


Adaptive Immunity 


Information about human norovirus immunity comes largely from human volunteer studies 
and vaccine trials, and identifying determinants of protective immunity is still an area of 
active investigation. Early volunteer studies in adults established that protection from 
reinfection is relatively short, ranging from 2 months to 2 years, in susceptible 
individuals.*47“©*49* Investigations of natural human norovirus infections in children 
indicated protection of up to 3 years.°° In contrast, a mathematical model estimated the 
duration of human norovirus immunity to be slightly longer, ranging from 4 to 9 years.°°” 
Protective immunity induced by a single MNV infection waned after a few months.°”4 


The discovery that NV and other human noroviruses utilize HBGAs as attachment 
factors has led to the development of assays to measure HBGA carbohydrate—blocking 
activity (or “blockade”) of serum antibodies.*°° Since antibodies that block binding of 
norovirus VLPs to HBGA glycans correlate with protection from illness in adult volunteers, 
HBGA-blocking assays have been used as surrogate tests for neutralization in the absence of 
traditional cell culture-based virus neutralization assays.*°9*9* Application of this technique 
in the first efficacy study of norovirus vaccines in adult volunteers showed a correlation 
between levels of prechallenge HBGA-blocking titers and protection from illness.** A 
hemagglutination-inhibition assay (HAI) was another surrogate assay used to analyze serum 
antibodies and was shown also to correlate with protection from illness in volunteers 
challenged with NV.'*>.2°7 Studies in adult volunteers further demonstrated that higher titer 
prechallenge or postchallenge serum antibodies that blocked norovirus binding to HBGA 
glycans correlated with protection from gastroenteritis.***°* In addition, development of a 
rapid mucosal IgA response (indicating prior exposure to NV or a related norovirus) was also 
associated with resistance to illness following challenge with NV.**! In another NV challenge 
study, NV-specific salivary IgA and NV-specific memory IgG cells were identified as 
correlates of protection from gastroenteritis, while prechallenge levels of NV-specific fecal 
IgA correlated with reduced viral loads.*°° In the case of a GII.4 volunteer study, higher 
prechallenge levels of serum IgA antibodies were also associated with less illness and a lower 


frequency of infection.*° 


The anti—norovirus antibody responses following primary infections in children are not 
only short-lived but also of low avidity.“4* Primary infections in children generate blocking 
antibodies that provide homotypic protection, while heterotypic protection develops over 
time and with additional infections.°?*”* Studies indicate that during the first year of life, a 
child may have one to three norovirus infections.©°°*°°9 Higher avidity antibodies were 
detected in older children following repeat infections and protection correlated with the 
ability to block HBGA binding.*** Timing of the first norovirus infection appears to be 
determined by the quality of the maternal antibodies. In a study following two children from 
birth to age 8, higher titer, greater avidity, and increased HBGA-blocking ability of maternal 
antibodies correlated with longer protection and a later time point in life of the first 


infection.°° 


The antibody responses that develop to human noroviruses can be strain, genotype, 
genogroup, or intergenogroup specific. Strain-specific or genotype-specific epitopes are often 
located in the hypervariable VP1 P2 domain,®*'’° while more broadly reactive epitopes are 
commonly found in the more conserved VP1 S and P1 domains.!**4 Similarly, antibodies 
to MNV directed against the P domain are strain or genotype specific, while the S domain 
antibody was broadly cross-reactive and even recognized human norovirus VLPs.°” 
However, only antibodies directed to the MNV P domain had neutralizing activity.2°°°°° 


An in vitro culture system for human norovirus has enabled analysis of true neutralizing 
activities.'°? Characterization of a panel of pandemic GII.4 Sydney reactive human 
monoclonal IgG and IgA antibodies identified three major antigenic epitopes in the P domain, 
and most showed neutralization capabilities in the two surrogate neutralization assays: of 
those tested, all inhibited norovirus replication in human intestinal enteroid monolayers.!* 
The majority of tested mAbs had lower neutralization titers than blockade or HAI titers, 
indicating that the true neutralization assay is more sensitive than either surrogate assay and 
thus that additional factors beyond glycan interaction contribute to virus neutralization. 


In addition to B-cell responses, human norovirus infection also leads to Thi-skewed 
immunity with some Th2 involvement. When cell-mediated immune responses were studied 
in volunteers following oral immunization with NV rVLPs, an increase in IFN-y in the 
absence of IL-4 production was detected, consistent with a dominant Th-1 pattern of cytokine 
production.°©° Serum sample analysis from two human norovirus challenge studies with NV 
demonstrated a rise in Thi (IFN-y, IL-2, IL12p70, TNF-a) and Th2 cytokines (IL-6, IL-10) 
as well as IL-8 and MCP-1 in infected versus uninfected volunteers.*2* Cytokines peaked at 
day 2 postchallenge. In a study of 15 volunteers infected with Snow Mountain virus (GII.2), 
significant increases in serum IFN-y, IL-2 (Th1 cytokines), and IL-5 (a Th2 cytokine), but 
not IL-6 or IL-10, were detected on day 2 after challenge.*“° Depletion of CD4+ cells prior to 
stimulation of peripheral blood mononuclear cells with norovirus antigen led to a decrease in 
IFN-y, implicating these T cells as the major source of this cytokine.*4° The Th1 cytokines 
IFN-y and TNF-a, but also the Th2 cytokine IL-6, were secreted following stimulation of 
PBMCs with GII.4 VLPs.*”’ IFN-y is also secreted following VLP stimulation of PBMCs 
from eight healthy human donors previously infected by human norovirus.°’’ This study also 
identified a peptide in the VP1 S domain from two donors as a CD8+ T-cell epitope. 
Evidence for cross-reactive T-cell epitopes shared among different norovirus genogroups and 
genotypes was found in mice immunized with human and MNVs VLPs.*4? 

The combined action of T and B cells is critical to clear human norovirus infection since 
the lack of functional T- and B-cell responses in immunocompromised patients results in 
chronic norovirus infection.2'!°! Immune reconstitution following gene therapy and 
improvement of T-cell levels have both been associated with clearance of chronic human 
norovirus infection. 82.5 


A similar picture has emerged from studies of the MNV model. Mice lacking T cells 
and/or B cells (i.e., Ragi—/—, p»MT-/-, Ighm-/—) or their function are persistently infected by 
the acute strain MNV-1, while transfer of antibody, splenocytes, or T cells reduced persistent 
viral loads and could clear infection.°*-®°.%-°”? In contrast, persistent MNV strains (e.g., 
MNV.CR86) elicited fewer virus-specific T cells and generated less effective T-cell responses 
compared to acute MNV-1 infection.°°? While the MNV.CR6-specific CD8+ T cells were 
functional, they were unable to detect viral replication in intestinal epithelial tuft cells, an 
immune-privileged site, enabling persistence°”? (see Persistence). 


Taken together, individual human volunteer studies have identified several antibody- 


based correlates of protection from illness or infection.*°? Work in the mouse model has also 
indicated a role for cell-mediated and innate immunity in protection. Future studies with 
larger cohorts will be needed to identify the best predictor of protection while simultaneously 
increasing our knowledge of human norovirus immunity. 


Release from Host and Transmission 


Noroviruses are released from the enteric tract of the host in feces and have been detected 
also in vomitus.!94-!9>27459° Viral RNA can be detected in feces before the onset of 
symptoms and shedding in stool can last several days to weeks in immunocompetent 
individuals*>-!79-1®9.197.452 and even longer in immunocompromised patients.*!!! Studies of 
the natural history of norovirus in a community found that 26% of the examined 99 patients 
shed virus (detected by RT-PCR) up to 3 weeks after the onset of illness, with the highest rate 
(38%) of prolonged shedding in children younger than 1 year of age.*°? This observation 
indicates that infected individuals recovering from norovirus illness can continue to shed 
virus beyond the symptomatic period, a finding that has implications in the management of 
outbreaks.” In addition, a time-course study comparing shedding of 102 asymptomatic and 
symptomatic individuals detected no difference in the duration of shedding (average 8—60 
days) and peak amounts of virus shed.°°* Norovirus RNA has been detected in washings 
from the mouths of individuals who experienced norovirus infection for several days after 
symptoms subsided, suggesting that oral-to-oral transmission of norovirus might occur.7°” 
The detection of norovirus RNA in the sera of children with gastroenteritis has been reported, 
but it is not known whether this RNA corresponds to that of circulating infectious virus 
(viremia) or noninfectious (inactivated) virus present in circulating immune cells.°°” 

Noroviruses are spread by several modes of transmission. The predominant modes of 
transmission for the noroviruses are person-to-person contact and food- or waterborne 
spread.*!? Contamination of surfaces and objects by infected individuals can lead to 
inadvertent exposure.*°” Several epidemiological investigations have also linked exposure to 
noroviruses in air or in aerosolized vomitus with infection.°>2”28%289 However, in infected 
volunteers, norovirus RNA in vomitus is less frequent and detected at lower amounts than in 
stool samples.*° 


The explosive nature of some norovirus outbreaks, in which a large number of persons 
become ill within 24 to 48 hours, indicates that infection is often acquired from a common 
source. This was suggested in the original NV outbreak, but a common-source exposure 
could not be identified.* Later, a review of 38 human norovirus-associated outbreaks 
suggested that a common source of infection was likely in 31 (82%).*°’ The vehicle of 
transmission was water in 13 instances and food in 4 others. Secondary transmission was 
observed in most outbreaks, with attack rates ranging from 4% to 32% and being highest in 
children under 10 years of age. The median duration of the 38 outbreaks was 7 days (ranging 
from 1 day to 3 months). The number of individuals who became ill ranged from 2 to 2,000, 
with the attack rate being higher in common-source outbreaks (median 60%, range 23%— 
93%) than in primary person-to-person outbreaks (median 39%, range 31%—-42%).7°8 A 
similar attack rate from children with norovirus diarrhea (33%) was observed in a household 
transmission study, while the attack rates of asymptomatic controls were lower (18%).'”8 The 
efficient transmission of human caliciviruses by contaminated food and water vehicles has 
raised concerns about public safety in a global market economy.*?! 


The infectious dose for noroviruses is low, with an estimated median infectious dose of 
18-1,015 genome equivalents.°°? Another human volunteer challenge study determined the 
50% human infectious dose for NV at approximately 1,230 genome equivalents for blood 
group O and A individuals and approximately 2,800 for all secretor-positive individuals.*° 
Exposure to higher levels of virus likely increases the risk of illness.°°? In a study that 
examined norovirus fecal load, higher numbers (>100-fold) of norovirus genome copies were 
detected in individuals shedding GII (median, 3.0 x 10° genome copies per gram feces) 
strains compared to GI (median, 8.4 x 10° genome copies per gram feces).?° It was proposed 
that the higher levels of GI shedding might account for a higher transmissibility of these 
viruses through the fecal—oral route.?° However, high levels of GI shedding have also been 
reported: the median peak of GI NV shed in the stool of 16 volunteers was 9.5 x 101° 
genome copies per gram feces.7° 


Noroviruses are remarkably stable. Norwalk virus retains infectivity for volunteers 
following (a) exposure of the stool filtrate to pH 2.7 for 3 hours at room temperature, (b) 
treatment with 20% ether at 4°C for 18 hours, or (c) incubation at 60°C for 30 minutes. !*! 
Norwalk virions remain infectious when stored in groundwater at room temperature in the 
dark for as long as 61 days, and RNA could be detected in such samples after storage at room 
temperature for 3 years.°*° Using the new human intestinal organoid culture system, GII.4 
noroviruses in human stool samples have for the first time been tested directly for their 
inactivation patterns.!!® Virions were not completely inactivated by 5-minute incubation in 
70% ethanol or 70% isopropanol, although some reduction in viral infectivity was observed. 
However, infectivity was effectively destroyed by 1 minute in greater than 50 ppm chlorine, 
while viral RNA was only destroyed at concentrations of greater than 600 ppm. This 
demonstrates that previous human norovirus inactivation studies using measurements of 
RNA integrity should be re-evaluated using the more sensitive infectivity—based culture 


systems. 


Although norovirus virions are highly stable and are shed at high levels, the viral RNA- 
dependent RNA polymerase introduces many mutations, the majority of which are expected 
to be lethal.°!? Furthermore, the host’s gastrointestinal tract is large (i.e., the human intestine 
is the size of half a badminton court)*!” and covered with host mucins that can inhibit 
norovirus VLP binding to HBGAs and Caco-2 cells.°°° Thus, how noroviruses maintain their 
high infectivity and achieve high recombination rates (which requires coinfection of cells 
with at least two virions) was puzzling. A recent study has provided evidence of multiple 
murine and human norovirus particles packaged into membrane-cloaked vesicles in the stool 
of infected hosts.°!° Studies in the rotavirus mouse model demonstrated that these virion- 
containing vesicles improve viral infection. Previous studies have also demonstrated that 
multiple norovirus virions bind to various bacterial species.!! In the case of poliovirus, this 
concentration of virions on intestinal bacteria facilitated coinfection and recombination.!°° 
These data suggest that aggregation of virus particles via vesicles or bacteria likely increases 
norovirus coinfection rates and complementation via recombination, which results in 


increased infectivity and viral shedding.*” 


Virulence 


Virulence determinants are being defined mechanistically for MNV but have not been well 
defined for the human noroviruses. Studies with MNV have identified determinants that fall 
into three general groups: host determinants (see Immune Response), virus determinants, and 


the microbiota*® (see below). 


Viral Determinants 


The ability to genetically manipulate MNV has resulted in the identification of various roles 
in pathogenesis for multiple viral proteins. The viral proteins NS1/2, virulence factor 1 (VF1) 
encoded by ORF4, and both the major and minor capsid proteins VP1 and VP2 are known to 
play critical role during pathogenesis. The nonstructural protein NS1/2 (N-term) determines 
colonic tropism and viral persistence**? (see Persistence). VF1 antagonizes the antiviral 
innate immune response, and thus VF1-deletion viruses are attenuated in vivo.*°’ VF1 may 
also play a role in the induction of protective immunity via regulation of cytokine 
induction.°”* VP1 is linked to virulence. Specifically, a single amino acid (residue 296) in the 
variable P2 domain of VP1, which arises during tissue culture passage and persistent 
infection, contributes to virulence of MNV.°7°°°°>2675 Viruses with a lysine at this position 
are more virulent and cause increased lethality in mice, while those with a glutamic acid are 
attenuated. However, the importance of this residue differs depending on mouse background, 
and additional virulence determinants are present in the VP1 P domain that contribute to viral 
replication, histopathology, and lethality in STAT1-deficient mice.°°° Although not sufficient, 
the S domain may also contribute to virulence.°°© Additional residues in the VP1 P1 and P2 


domains contribute to in vitro B-cell (but not macrophage) growth and replication in vivo.°” 


Lastly, studies of viruses from the same cluster revealed that VP2 controls antigen 
presentation in B cells and macrophages in vitro and induction of protective immunity in 
vivo.°72°74 Specifically, VP2 of the MNV-3 strain, which induced higher systemic and 
mucosal antibody responses compared to MNV-1, induced upregulation of antigen 
presentation in macrophages and enhanced protective immunity.°”* In contrast, VP2 of 
MNV-1 (but not MNV-3) induced upregulation of antigen presentation molecules on B cells, 
which contributed to the control of acute MNV-1 infection.°”° These striking cell-type and 
virus-strain—specific differences observed with MNV suggest that similar phenomena likely 
exist for human noroviruses and animal caliciviruses. Indeed, virus strain—specific 
differences in clinical outcome, ranging from asymptomatic infection to life-threatening 
diarrhea, are observed*** (Table 4.4). 


Norovirus—Microbiota Interactions 


Noroviruses encounter members of the microbiota (a collection of bacteria, viruses, fungi, 
and other microorganisms) during intestinal infection. Human noroviruses, for example, bind 
to selected pathogenic and nonpathogenic bacterial species.'’4°” Binding was mediated by 
HBGA-like molecules on the bacteria.*°” It remains unclear whether interactions can be 
mediated by other factors or whether other noroviruses can similarly bind to bacteria. The 
microbiota influences viral pathogenesis by direct and indirect mechanisms.*°! Direct effects 
of bacterial binding to human noroviruses described to date are (a) increased heat stability??? 
and (b) enhanced attachment and infection of human BJAB B cells by human norovirus.*“8 
Indirect mechanisms are those whereby the microbiota induces host cell responses that affect 
viral pathogenesis via innate or adaptive immunity. Interestingly, MNV can replace the 
beneficial effects of the microbiota via type I IFN signaling in the absence of commensal 
bacteria.*’* Studies in the MNV system have revealed multiple reciprocal interactions 
between the host, the virus, and the microbiome. In IL10- or ATG16L1-deficient mice (i.e., 
models for inflammatory bowel disease), MNV infection causes intestinal inflammation in 
the presence of the microbiota.“+°* MNV can also exacerbate intestinal inflammation and 
lethality during bacterial superinfection by enhancing host responses.*°* Commensal bacteria 
are critical for the establishment of persistent MNV infection in a mechanism dependent on 
intact IFN-A responses.** In the case of acute MNV infection, commensal bacteria and host 
secretory immunoglobulins are needed for a homeostatic environment conducive to infection, 
as the lack of secretory immunoglobulins or commensal bacteria leads to reduced 
infection.°!° Commensal bacteria also suppress the maintenance of an antiviral antibody 
response. For human noroviruses, a link between the abundance of specific bacterial species, 
host genetics, and antinorovirus IgA antibodies is observed.°°! Another member of the 
microbiota, helminths, also has immunomodulatory functions. Colonization of the host by 
helminths resulted in immune skewing that resulted in reduced antiviral immunity to MNV 
infection and thus elevated viral loads.*°°°*° While these examples speak to the ability of the 


host and the microbiota to influence norovirus pathogenesis, norovirus infections under some 
circumstances may also influence the bacterial communities in the intestine. A subset (~20%) 
of human norovirus—infected patients exhibited bacterial dysbiosis characterized by increased 
Proteobacteria.**® Bacterial communities remained mostly unaltered during infection of 
mice with multiple MNV strains under standard housing conditions.**” However, dramatic 
alterations in the intestinal bacteria were observed under malnutrition conditions in mice.?! 
Therefore, a complex network of interactions occurs between the host, the microbiota, and 
noroviruses. 


Persistence 


Human noroviruses have been associated with prolonged infections in immunocompromised 
patients, including those with primary immunodeficiencies and transplant patients.4”? For 
example, nine adult patients receiving kidney allografts and undergoing immunosuppression 
were shown to shed norovirus for periods ranging from 97 to 898 days. Another study 
described a chronic norovirus infection lasting at least 6 years in an immunocompromised 
patient with X-linked syndrome.!*® Chronic norovirus shedders can contribute to nosocomial 
transmissions°°* and were proposed to be a source of emergent norovirus infections.*° 
However, the full contribution of chronic norovirus infections to disease burden remains 
unclear. 


The ability of noroviruses to persist in infected hosts is well established for MNV, and 
differences in pathogenicity have been documented among MNV strains. While MNV-1 
(isolated following a series of intracranial injections in RAG/STAT1-deficient animals)*° 
causes an acute and rapidly cleared infection in immunocompetent animals, certain other 
MNV strains (characteristically isolated from feces) can establish persistent infection in the 
intestine with shedding for at least 35 days.*?9°°° Studies using MNV have demonstrated that 
persistence occurs in the face of a robust cytotoxic T-cell response®”° but the infection can be 
cleared by the action of the innate immune response, specifically IFN-A.°4437°° Genetic 
studies with the acute MNV-1.CW3 and persistent MNV.CR6 strains revealed a unique role 
for IFN-A in the intestinal epithelium in concert with the viral NS1/2 protein in establishment 
of persistence. NS1/2, and in particular a single amino acid residue (glutamic acid at position 
94), is necessary and sufficient for replication in the large intestine and persistence.*“° The 
reservoir of persistent norovirus infection is in intestinal epithelial cells, specifically tuft 
cells.°7°45 The ability of MNV.CR6 to persist in these specialized intestinal epithelial cells 
is dependent on the NS1 protein, which antagonizes IFN-A—mediated antiviral immunity.°7° 
Hence, chimeric MNV-1 carrying the MNV.CR6 NS1 gene or MNV-1 infection of mice 
lacking the IFN-A receptor similarly leads to persistence. In addition, the viral capsid protein 
VP1 further contributes to persistence in a dose-dependent manner since high infectious 
doses of MNV-1.CW3 only established persistent infection when carrying both the mutation 
in NS1 (E94) and VP1 of MNV.CR6.*°7 When MNV-1.CW3 was carrying its own VP1, 
however, high doses elicited strong stimulation of type I and HI IFN responses in Peyer 


patches and mesenteric lymph nodes, leading to eventual clearance.*?’ Interestingly, 
depletion of the intestinal microbiota via antibiotics also prevented the establishment of 


persistent MNV.CR6 infection.** The phenotype did not occur in IFNLR-deficient animals, 
further pointing to the importance of IFN-A during persistent norovirus infection in the 
intestine. On the other hand, type I IFNs only play a role during systemic infection, and 
deletion of IFNAR on CD11c-positive myeloid cells permits persistence of MNV-1.478 
Furthermore, adaptive immunity does not regulate intestinal persistence, although it is 
required for clearing systemic infections.°® Taken together, MNV persistence is controlled by 
a combination of viral (NS1, VP1, and maybe others) and host factors (in particular, IFN-A) 
and further modulated by the microbiota. 


EPIDEMIOLOGY 


Age 


Noroviruses have been associated with infection and disease in all age groups.*°* Age is a 
risk factor for severe disease, with infants and young children (<5 years old)*!*-47° and older 
adults (>65 years old)°** at highest risk. A review of pediatric cases in over 5,000 infants and 
young children in 23 countries found that approximately 70% of noroviruses illnesses 
occurred between 6 and 23 months of age, with less than 15% occurring in the first 6 months 
of life.°°* Norovirus infection has also been detected in neonates*??.°° and preterm infants, !® 
with varying clinical manifestations. 


Morbidity and Mortality 


Although precise data on morbidity and mortality are not available,’ recent estimates confirm 
their predominant role in diarrheal disease. Global estimates of norovirus illness have 
projected nearly 700 million cases and 218,800 deaths annually.*° In the surveillance period 
following efficacious rotavirus vaccination in pediatric populations, norovirus has emerged 
as the single most important cause of life-threatening gastroenteritis in infants and young 
children.’4°°2-4° In a review of 39 published studies that surveyed severe gastroenteritis in 
individuals older than 65 years of age, norovirus was responsible for an approximate 10% to 
20% of hospitalizations and 10% to 15% of all-cause gastroenteritis deaths.*** 

Morbidity is reflected in the number of hospitalizations due to norovirus disease. In the 
United States, an estimated 71,000 hospitalizations were associated with norovirus 
gastroenteritis each year, at a cost of $493 million per year, and an estimated 570 to 800 
deaths.*°*5° In Germany, an estimated 53,000 to 90,000 hospitalizations per year were 
attributed to norovirus gastroenteritis with an annual cost of €31 to 43 million.°°? An 
estimated 4,000 to 11,000 hospitalizations per year were associated with norovirus in 
Canada.*!° Of patients hospitalized in Canada from 2001 to 2004, noroviruses were 


responsible for a mean hospitalization incidence rate of 1.6 cases per 100,000, and the 


average age of hospitalized patients was 59 years old.°°° Over this 4-year period, 43 deaths 
were attributed to noroviruses, making it a leading cause of mortality among the enteric 


pathogens studied.°°° In England, noroviruses were the second largest cause of 
hospitalization due to gastroenteritis (after Campylobacter)?'! and have likely been 
underestimated.°** This results in an estimated 0.3 to 1.2 years of healthy life lost per 
thousand cases of norovirus.*'* Noroviruses are also an important cause of illness in China, 
detected in 29% of adults and the elderly and 22% in children 6 to 35 months old with acute 
gastroenteritis.°’* An estimated 171,000 hospitalizations per year in Japan were modeled 
from a review of medical insurance claims.?’ In Lebanon, noroviruses were detected in 
11.2% of stool samples from children less than 5 years old presenting with acute 
gastroenteritis to six large hospitals over a 2-year period®’? and in 27% of children 
hospitalized for gastroenteritis in Spain.!®° 


Noroviruses have been associated with increased morbidity and mortality in patients with 
an underlying illness such as cardiovascular disease or who are immunosuppressed or 
receiving cancer chemotherapy.°~!°!9° In a review of hospitalization and emergency room 
visits in the United States from July 2002 to December 2013, over 51% of the norovirus 
illnesses occurred in 37% of patients with a chronic medical condition who were hospitalized 
for gastroenteritis.°~° 


Origin and Spread of Epidemics 


Noroviruses are the single most important cause of nonbacterial gastroenteritis outbreaks. In 
an analysis of 233 nonbacterial gastroenteritis outbreaks reported to the Centers for Disease 
Control and Prevention (CDC) between July 1997 and June 2000, 217 (93%) were associated 
with noroviruses.!°* In a larger survey of 3,714 nonbacterial gastroenteritis outbreaks that 
occurred in Europe between 1995 and 2000, 85% were associated with norovirus.*°? A 
review of 666 norovirus outbreak reports from multiple countries linked 362 (54%) of these 
to foodborne illness, 174 (26%) to person-to-person transmission, 70 (11%) to water 
contamination, and 60 (9%) to environmental exposure.*°? Noroviruses are estimated to 
cause as many as 47% to 96% of acute gastroenteritis outbreaks in pediatric populations and 
5% to 36% of sporadic cases.!°” 


Norovirus outbreaks characteristically occur in settings that facilitate rapid person-to- 
person spread or single-source exposure to contaminated food, water, or surfaces. These 
settings include hospitals, long-term care facilities, camps (recreational and evacuee), 
recreational areas, schools, universities, daycare centers, cruise ships, stadiums, retirement 
centers, restaurants, social events with catered meals, families, the military, prisons, and 
community events. Outbreaks can vary in size, involving small family groups to hundreds of 
individuals.**°-°° Outbreaks can be prolonged, with recurring sharp peaks, and the modes of 
transmission can vary within an outbreak.”!*9 While norovirus infection occurs year-round, a 


seasonal pattern of occurrence (typically peaking in cooler months of the year) has been 
described that varies according to the climate of the region.9*4!®°° Food service and cooler 
months were risk factors for higher attack rates within outbreaks.°°9 

Noroviruses are the leading cause of foodborne illness in the United States (followed by 
Salmonella (nontyphoidal), Clostridium perfringens, Campylobacter spp., and 


Staphylococcus aureus), accounting for approximately 26% of all reported outbreaks.°!” An 
analysis of 8,271 foodborne outbreaks reported to the CDC (1991-2000) showed that 
norovirus outbreaks were often larger than bacterial outbreaks (median persons affected: 25 
vs. 15), with 10% of the affected individuals seeking medical care and 1% being 


hospitalized.°*? In a study of waterborne outbreaks in Finland, 18 (64%) of 28 outbreaks 
evaluated were associated with norovirus.*?! Bivalve mollusks (such as oysters and mussels) 


are an important cause of foodborne norovirus outbreaks.2?!7°°370.399.414,639 Th fact, a recent 
review of foodborne norovirus outbreaks identified shellfish and seafood as the most 


common foods implicated, followed by lettuce and raspberries.7!° 


Noroviruses have been documented as important agents of gastroenteritis in military 
opulations in different areas of the world.'9-5°.229.394,393,495,593,633 Norovirus illness can be 
pop 


severe in troops who may already be physically stressed.!°* Large-scale outbreaks of 
gastroenteritis have been attributed to noroviruses on ships such as aircraft carriers on which 


hundreds of crew members became ill.!:417:499,530 


Although the majority of traveler’s diarrhea has been attributed to enterotoxigenic 
Escherichia coli,°° prevalence rates ranging from 10% to 65% have been associated with 


norovirus.°°°> The global distribution of diverse norovirus strains and limited use of 
diagnostic confirmation suggest that norovirus illnesses have been underestimated in 


traveler’s diarrhea.*”°?® Norovirus transmission during airplane travel*?°°°* in addition to 
that on recreational cruise ships®*?.°*? illustrates the potential ease with which strains can be 
spread globally. 


Prevalence and Seroepidemiology 


Norovirus has been estimated to cause a fifth of all acute gastroenteritis illnesses, consistent 
with its widespread distribution in the human population.°? In a review of studies that 
incorporated norovirus diagnostic confirmation in approximately 190,000 patients, the 
overall prevalence of norovirus in individuals with acute gastroenteritis was 18%.° Norovirus 
prevalence rates in this report were 24%, 20%, and 17% in cases of acute gastroenteritis in 
the community, outpatient, and inpatient settings, respectively.° The prevalence of norovirus 
in pediatric populations has been evaluated in a birth cohort of 1,457 children in a 
multinational study (MAL-ED).°°* Approximately 89% of children had evidence of a 
norovirus infection by 2 years of age, and 22.7% of the diarrheal stools were norovirus 
positive.°°* The prevalence of antibody to the GII viruses appears to be greater than that of 
the GI viruses in most studies, likely reflecting the predominance of circulating GII 


strains.°°+°!> In Finnish infants and children, aged 0 to 14 years, the antibody prevalence 
against GII.4 noroviruses reached 91.2% in children above 5 years of age.** 

The incidence of norovirus gastroenteritis has been estimated in several community- 
based studies. In the United States, an enhanced surveillance study of acute gastroenteritis 
(that included pathogen identification with diagnostic assays) in a single state (Georgia) 
estimated that norovirus was the predominant cause of acute gastroenteritis, accounting for 
6,500 (16%) and 640 (12%) per 100,000 person-years of community and outpatient acute 
gastroenteritis episodes, respectively.*°° In the Netherlands, 18% of the community cases of 
gastroenteritis over a single winter season and at least 5% of gastroenteritis cases that 
resulted in a visit to a physician were associated with norovirus infection.°°* Furthermore, a 
1-year prospective population-based cohort study showed that noroviruses were the single 


most important cause of gastroenteritis overall in nearly all age groups in the Netherlands.!*! 
In Germany, the incidence of norovirus gastroenteritis in the community requiring medical 
attention was reported as 626 cases/100,000 person-years, making it the predominant known 


cause of acute gastroenteritis in that country.*°° In England, the community incidence of 
norovirus gastroenteritis was 4.5 cases/100 person-years, corresponding to approximately 2 
million episodes per year.*”* In a community cohort study in the United Kingdom over a 1- 
year period (2007-2008), noroviruses were the most common organism detected, with 
incidence rates of 47 community cases per 1,000 person-years.°°? In China, the incidence 
was estimated to be 15.6/100 children/year among children less than 5 years of age.°”* 


Genetic Diversity of Virus 


Molecular epidemiologic studies have demonstrated a marked genetic diversity among 
circulating noroviruses.°!* Genetic typing of circulating strains has proven to be a useful tool 
in elucidating the source and spread of outbreaks,*!*°*! and regional data sharing networks 
have been established in several areas of the world.°!? A dual genotyping system that 
identifies both the VP1 and NS7°° has been developed to track the emergence of 
recombinant strains in the population.*!' The VP1 system is defined by the amino acid 
sequence identities of complete VP1 capsid proteins, which presumably would correlate with 
the antigenic specificity.'°’7!+°7! Classification of the VP1 shows the division of the genus 
Norovirus into 10 major phylogenetic genogroups, designated GI through GX, with two 
additional “nonassigned” (NA) genogroups pending (Table 4.5). Genogroups I, II, and III are 
further subdivided into 9, 26, and 2 genotypes, respectively. To facilitate global tracking of 
emerging norovirus strains, online genotyping tools are available that can identify the VP1 
and Pol genotype when interrogated with full or partial genomic sequences.?!4 


TABLE 4.5 Norovirus genogroups and genotypes as determined by VP1 


relatedness 


GI/Hu/US/1968/GI.1/Norwalk 
GI/Hu/GB/1991/GI.2/Southampton 
GI/Hu/SA/1990/GI.3/DesertShield395 


GI/Hu/JP/1987/G1.4/Chiba407 

_ GI/Hu/GB/1989/GI.5/Musgrove 

| GI/Hu/DE/1997/GI.6/BS5(Hesse) 

_ GI/Hu/GB/1994/GI.7/Winchester 

| GI/Hu/US/2001/GI.8/Boxer 

_ GI/Hu/CA/2004/GI.9/Vancouver730 

" GIV/Hu/US/1971/GIl.1/Hawaii 

" GI/Hu/GB/1994/GII.2/Melksham 
GIl/Hu/CA/1991/GIl.3/Toronto 

" GII/Hu/GB/1993/GIl.4/Bristol 

" GI/Hu/GB/1990/GIl.5/Hillingdon 

GIl/Hu/GB/1990/GIl.6/Seacroft 

GIl/Hu/GB/1990/GIl.7/Leeds 

- GII/Hu/NL/1998/GII.8/Amsterdam 

" GII/Hu/US/1997/GII.9/VA97207 
GII/Hu/DE/2000/GII.10/Erfurt546 

" GIV/Po/JP/1997/GII.11/Sw918 
GIl/Hu/GB/1990/GIl.12/Wortley 

" GII/Hu/US/1998/GIl.1 3/Fayetteville 
GIl/Hu/US/1999/GII.14/M7 

~ GII/Hu/US/1999/GIl.1 6/Tiffin 

" GII/Hu/US/2002/GII.17/CS-E1 
GIl/Po/US/2003/GIl.18/OH-QW101 

" GII/Po/US/2003/GII.19/OH-QW170 

| GIl/Hu/DE/2002/GII.20/Luckenwalde591 
GIV/Hu/1Q/2002/GII.21/1F 1998 

| GII/Hu/JP/2003/GII.22/Yuri 

GII/Hu/PE/2010/GII.23/Loreto1847 

GII/Hu/PE/2013/GII.24/Loreto1972 

GIl/Hu/CN/2007/GII.25/Beijing53931 

GII/Hu/NI/2005/GII.26/Leon4509 

_ GII/Hu/PE/201 2/GIl.NA1/Loreto0959 

GII/Hu/PE/201 3/GIl.NA2/Loreto1257 

GII/Hu/PE/2008/GIl.NA4/PNV06929 

" GIll/Bo/DE/1980/GIll.1/Jena 

| GIII/Bo/GB/1976/GIll.2/Newbury 
GIIl/Ov/NZ/2007/GIlI.3/Norsewood30 

| GIV/Hu/NL/1998/GIV.1/Alphatron 

| GIV/Ca/IT/2006/GIV.2/Pistoia 

_GIV/Hu/US/201 6/GIV.NA 1/W17002 

~ GV/Mu/US/2002/GV.1/MNV-1 

_GV/Rn/HK/2011/GV.2/HKU-CT2 

_ GV/Ca/IT/2007/GVI.1/Bari91 

GVI/Ca/PT/2007/GVI.2/Viseu 
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AJ277607 
AJ277620 
AJ277608 
AF195848 
AY038599 
AF427118 
AB074893 
AJ277618 
AY113106 
AY130761 
AY502010 
AY502009 
AY823304 
AY823306 
EU424333 
AY675554 
AB083780 
KT290889 
KY225989 
GQ856469 
KU306738 
MG495077 
MG495079 
MG706448 
AJO11099 
AFO97917 
EU193658 


AF 195847 


EF450827 
KX907728 
AY228235 
JX486101 
FJ875027 
GOQ443611 


Genotypes are defined based on the complete VP1 sequence. 107 


Large-scale molecular epidemiologic studies have given insight into the role of norovirus 


genotypes, variants, and recombinants.°!° The GII noroviruses, particularly those of the GII.4 
cluster, are the predominant viruses detected, and this distribution reflects the epidemiologic 


pattern observed in most other parts of the world.°!° Major shifts in the predominant 


circulating GII.4 variant can occur.’”!74%8.5%5 Different norovirus genotypes, such as 
GII.17, can emerge and displace the predominant GII.4 variant in a population for a period of 


time, but it is not clear whether such displacements are permanent.*°* Sequence analysis of 
the GII.4 noroviruses that emerged on a global level in the early 2000s identified the 
presence of an amino acid insertion in the VP1 P2 domain, suggesting a possible change in 


the antigenic or receptor recognition phenotype.!*° Further evolution in the GII.4 cluster was 
described,’’ and several studies have examined the possibly unique propensity of this 


genotype to undergo genetic (and antigenic) drift.?°”°! Genetic variation has been detected 
in other regions of the genome such as the emergence of the “GGIIb-pol” polymerase type 


that was found in norovirus strains in combination with several different VP1 genotypes.*?° 
Additional reports of unique polymerase sequences have led to the conclusion that 
recombination is a driving mechanism of norovirus evolution.’”©!°'°°° There is 
epidemiological evidence that disease with GII.4 may be more severe.’/®!93254 
Epidemiological data indicate a higher association of GI noroviruses with environmental 
outbreaks (such as waterborne and shellfish) as compared to GII, which was more prevalent 


in health care settings and in outbreaks occurring in cooler months.°°9 


Evidence for mixed norovirus infections within the same individual or within the same 
outbreak has been reported in many epidemiologic studies.°°’ In addition, a marked 
genotypic diversity among norovirus strains has been documented in_ pediatric 
patients. 172.28.292,386.677 The presence of diverse norovirus sequences in shellfish and 
environmental samples is common,°!® suggesting another potential source for mixed 
infection. Such diverse and mixed infections likely enable recombination between norovirus 
RNA genomes, a possibility suggested from sequence analyses of naturally occurring 
noroviruses in several species.’“° Immunocompromised individuals with chronic norovirus 
infection can be superinfected with a different norovirus and sustain a prolonged mixed 
infection.’ Viral RNA populations are genetically heterogenous, especially during chronic 
infection, which further drives evolution of new strains.’>°!9 Infection of feline kidney cells 
with two distinct recombinant FCV strains bearing different fluorescent markers has 
demonstrated that coinfection of the same cell can readily occur, further supporting the 


potential for recombination of RNA genomes during replication. 


CLINICAL FEATURES 


Viral gastroenteritis is generally considered to be mild and self-limiting, although the illness 
can be incapacitating during the symptomatic phase that usually lasts 24 to 48 hours*”° (Fig. 
4.13). Illness induced by the noroviruses can be sufficiently severe to require medical 
intervention, with an increased risk for life-threatening dehydration at both ends of the age 
spectra (See Morbidity and Mortality). Immunocompromised patients with norovirus 
infection are at increased risk for morbidity and mortality, and an increasing number of 
reports have linked norovirus to chronic gastroenteritis in patients undergoing transplantation 
or chemotherapy!*! (see Treatment). 
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FIGURE 4.13 Clinical course of norovirus gastroenteritis. Norovirus disease is 
characterized by a short incubation period and acute onset. Symptoms and signs 
vary, but vomiting and diarrhea are common manifestations of disease. In 
otherwise healthy individuals, illness is characteristically self-limiting without 
serious sequelae. Risk factors for severe disease include young and old age, a 
compromised immune system, or a debilitating underlying illness or condition. 


Based on volunteer studies with human NV, the incubation period is short, ranging from 10 to 
51 hours, with a mean of 24 hours.29»°6140.141,555,656 This brief incubation period is consistent 
with the pattern of illness in outbreak investigations.°** The incubation period recorded in 22 
naturally occurring outbreaks of NV gastroenteritis was between 24 and 48 hours in 20 of the 
outbreaks, and the range was from 4 to 77 hours.*°® The incubation period of experimentally 
induced Snow Mountain virus illness ranged from 19 to 41 hours, with a mean of 27 
hours.!** Acute illness usually lasts about 24 to 48 hours. 


A transient malabsorption of fat, p-xylose, and lactose is observed during experimentally 
induced NV illness.°°°7° Levels of small intestinal brush-border enzymes (trehalase and 
alkaline phosphatase) were significantly decreased when compared with baseline and 
convalescent-phase values, whereas adenylate cyclase activity in the jejunum was not 
elevated following NV or Hawaii virus-induced illness.*°*! Gastric secretion of hydrochloric 
acid, pepsin, and intrinsic factor did not appear to be altered during NV illness.*%° Elevation 
of serum transaminase levels was reported in four pediatric patients at approximately 2 
weeks following acute illness.° 


Of 16 volunteers who developed illness following Norwalk or Hawaii virus infection, 14 
developed transient lymphopenia.!*? This was attributed to a redistribution of circulating 
lymphocytes to the site of viral infection in the small intestine. The lymphocytes remaining 
in the circulation responded normally or exhibited an exaggerated response to mitogenic 
stimuli. 


A marked delay in gastric emptying was observed in infected volunteers who became ill 
and developed the typical jejunal mucosal lesion.°’° It has been proposed that abnormal 
gastric motor function is responsible for the nausea and vomiting associated with these viral 
agents°’°; however, the mechanisms of illness are not clear. An analysis of epithelial barrier 
and secretion function in norovirus-positive human duodenal biopsy tissue showed that tight 
junction proteins occludin, claudin-4, and claudin-5 were reduced and anion secretion was 
stimulated.°°* In addition, a comparison of asymptomatic and symptomatically infected 
human volunteers identified increased serum cytokines in symptomatic patients only, while 
viral RNA levels and shedding were similar.**° Thus, norovirus diarrhea could result from 
one or more of the following mechanisms: loss of epithelial barrier integrity, secretory 
pathway dysfunction, and immune system hyperactivation. 


Clinical manifestations observed in 31 volunteers experimentally infected with 
noroviruses who became ill included the following: fever above 99.4°F (45%), diarrhea 
(81%), vomiting (65%), abdominal discomfort (68%), anorexia (90%), headache (81%), and 
myalgias (58%).°°° The illnesses were characteristically mild and usually lasted 24 to 48 
hours; however, one volunteer was given parenteral fluid because he vomited 20 times within 
a 24-hour period. The number of clinical signs and symptoms can vary among volunteers 
receiving the same inoculum.!? Illnesses induced by the Hawaii, Montgomery County, and 
Snow Mountain viruses in volunteers cannot be distinguished clinically from those caused by 
NV.144,5°° Subclinical infections with Norwalk or Hawaii virus have been observed under 
experimental as well as natural conditions. 


Clinical manifestations observed in 38 outbreaks associated with NV included the 
following (expressed as the median percentage of patients): nausea (79%), vomiting (69%), 
diarrhea (66%), abdominal cramps (30%), headache (22%), fever (subjective) (37%), chills 
(32%), myalgias (26%), and sore throat (18%).7°° Bloody stools were not reported. Vomiting 
occurred more frequently than diarrhea in children, whereas in adults, the reverse was 
observed. The duration of illness in 28 outbreaks ranged from 2 hours to several days, with a 
mean or median of between 12 and 60 hours in 26 of the 28 outbreaks. In 6 outbreaks, illness 
lasted more than 3 days in up to 15% of the affected individuals. The attack rates did not 


differ significantly with age or sex in 6 outbreaks in which this was analyzed.*°° 
A 2-year study in children (<5 years of age) compared the severity of acute diarrheal 


episodes caused by noroviruses with rotaviruses in hospital emergency and outpatient 
settings; most cases for both viruses ranged from moderate to severe, although illness was 


overall less severe for norovirus-infected individuals.“ The clinical course of norovirus 
illness in preterm infants has been reported to include a distended abdomen and symptoms 
such as apnea or a sepsis-like appearance: vomiting was not a predominant symptom in these 


patients.!®4°7 Noroviruses have been reported as associated with the following rare 
conditions or sequelae*”®: convulsions, }?° seizures, *106.229,279 
encephalitis/encephalopathy,**!78+°7! intestinal _perforation,*©°'"°*! transient —_ liver 
dysfunction,*?° and necrotizing enterocolitis.°°? Noroviruses have been associated with 


enteropathy in certain immunocompromised patients.*!°-°° However, its role in 
inflammatory bowel disease remains unclear with studies ranging from no effect to 


exacerbation of disease.22:272:479 


The determinants of susceptibility and resistance to norovirus disease are clearly complex 
(See Immunity). Expression of HBGAs ABH and Lewis carbohydrate antigens in the 
intestinal epithelium is considered a genetic susceptibility factor for human norovirus 
infection.2°*+°°* These glycans can serve as norovirus attachment factors (see Mechanisms of 
Attachment, Table 4.3), and their synthesis is controlled by enzymes that are products of 
alleles at the ABO, FUT2, and FUT3 loci. Individuals with two mutated FUT2 alleles, who 
are therefore devoid of H-type antigens on their gut and other mucosal epithelial cells, are 
called nonsecretors. Human volunteer studies previously identified that the secretor status of 


an individual were a major correlate in susceptibility to infection with NV.°*4! On oral 
challenge with NV, only secretor individuals with H-type 1 antigens were susceptible to 
infection, whereas nonsecretors were resistant. This was confirmed in a retrospective analysis 
of volunteers.*°° However, variation exists among the noroviruses in their recognition of host 


cell carbohydrates.*** For example, infection in volunteers challenged with GII Snow 
Mountain virus (unlike those challenged with NV) showed no correlation between ABH 


secretor status and susceptibility.°“° 


DIAGNOSIS 


Differential 


An analysis of the common features of 38 NV outbreaks indicates that a provisional 
diagnosis of illness by the noroviruses can be made during an outbreak if the following 
criteria are met: (a) bacterial or parasitic pathogens are not detected, (b) vomiting occurs in 
more than 50% of cases, (c) the mean or median duration of illness ranges from 12 to 60 
hours, and (d) the incubation period is 24 to 48 hours.*°’ These so-called Kaplan criteria 
were found to be highly (99%) specific and moderately (68%) sensitive for the provisional 
diagnosis of a norovirus outbreak when re-evaluated with samples confirmed as norovirus 
positive.°°® Suspected foodborne illness presents as abdominal cramps, diarrhea (more 
common in adults), fever, headache, nausea, and vomiting (more common in children).° 
Differential diagnosis of sporadic norovirus illness in individual patients is difficult, due 
to shared clinical features with a wide range of enteric pathogens and disease syndromes (see 
Clinical Features). Laboratory diagnosis is required to confirm etiology, but empiric 
treatment of symptoms should not be delayed due to the rapid progression of dehydration.° 


Laboratory 


Reverse Transcriptase Polymerase Chain Reaction 


Currently, RT-PCR is the most widely used technique for detection of noroviruses.°** With 
this method, noroviruses can be detected in clinical specimens (feces is preferred because it 
contains highest quantity of virus) and contaminated food, water, or fomites. The application 
of real-time quantitative (q) RI-PCR has gained widespread use because it allows rapid 
detection as well as comparison of viral RNA levels.2°!:477° The choice of primers is 
important, because considerable genetic diversity exists among circulating strains.°*+°°%°”6 
The application of RT-PCR to amplify partial or complete genomes, coupled with sequence 
analysis of the amplicons, has been used extensively to detect and characterize noroviruses in 
various outbreaks.’*!!9-46454 Norovirus identification is included in multiplex PCR-based 
assays (several commercially available) that detect a wide array of enteric pathogens, and 


these are an important advance in managing and treating infectious gastroenteritis.*? '°° The 


association of norovirus with an outbreak requires a limited number of specimens. '4” 


Immunoassays 


Immunoassays for the detection of noroviruses in clinical specimens are commercially 
available.°*° These assays characteristically utilize hyperimmune sera and monoclonal 
antibodies generated against recombinant norovirus antigens. Point of care assays that 
quickly identify norovirus antigen in stool are in development that can distinguish between 
viral and bacterial gastroenteritis in a clinical setting, and informing the use of 
antibiotics. 13736987 


Immunoassays that use recombinant proteins (such as rVLPs) as antigen to detect 
serological responses are specific, sensitive, and efficient for detecting infection with the 
human caliciviruses and have been used in several large-scale seroepidemiologic studies (see 
Prevalence and Seroepidemiology). The Norwalk rVLP ELISA has been shown to detect 
broadly reactive antibody responses in volunteers given NV, Hawaii virus, or Snow Mountain 
virus, although the maximal response was observed in volunteers challenged with the 
NY. 189,192,409,601 Thus, it is difficult to identify conclusively the antigenic type of an infecting 
norovirus strain by serologic analysis because of shared cross-reactive antigens.*>**! The 
demonstration of an antibody response in 50% or more of the individuals involved (or 
examined) in an outbreak to a calicivirus antigen is strong evidence linking the virus with the 
outbreak.*°? Newer approaches to detect antibodies include noninvasive assays that utilize 
saliva to measure norovirus-specific IgA.24479°” 


PREVENTION AND CONTROL 


Treatment 


Noroviruses characteristically induce a mild, self-limited gastroenteritis that normally 
resolves without complications.°!29-!41247555,556 As noted, hospitalization for severe 
dehydration, although rare, can occur with norovirus gastroenteritis. Oral fluid and 
electrolyte replacement therapy is usually sufficient to replace fluid loss.'+1>!** Oral 
rehydration therapy should not be administered to patients with depressed consciousness 
because of the possibility of fluid aspiration. Parenteral administration of fluids may be 
necessary, however, if severe vomiting or diarrhea occurs. 


Oral administration of bismuth subsalicylate after onset of symptoms significantly 
reduced the severity and duration of abdominal cramps during experimentally induced 
norovirus illness in adults.°°° In addition, the median duration of gastrointestinal symptoms 
was reduced from 20 to 14 hours. The number, weight, and water content of stools, as well as 
the extent of virus excretion, were not significantly affected by treatment. The use of various 


medications for symptomatic treatment of acute diarrhea in infants and young children (aged 
1 month to 5 years) was reviewed: bismuth subsalicylate, loperamide, anticholinergic agents, 
adsorbents, or Lactobacillus-containing compounds were not recommended by the American 
Academy of Pediatrics, and, in addition, the use of opiates as well as opiate and atropine 


combination drugs was contraindicated.'+! 


A need for norovirus-targeted therapy has been recognized in the management of 
immunocompromised patients with chronic norovirus infection.*’' Treatment protocols 
implemented for other pathogens have been evaluated in a small number of individuals with 
norovirus disease, with varying success.*°° Improvement in chronic norovirus diarrhea has 
been reported in immunocompromised patients following reduction in immunosuppressive 
therapy (IST) drugs; however, careful monitoring of these patients is required.®* The effect of 
exclusion diets, enteral and intravenous immunoglobulins, breast milk, immunosuppressants, 
ribavirin, and nitazoxanide has also been examined in this patient population with differing 
efficacies.’! 


Efforts are in progress to develop antiviral drugs to target specific stages of the norovirus 
life cycle, but their safety and clinical efficacy have not been established.°°° The selection of 
drug-resistant viruses during treatment will be a continuing challenge,**° and it is likely that 
a combined therapy approach will be needed.!° Improvements in tools for high-throughput 
drug screening,*®*-** structure-guided drug development, !*°'® and innovative inhibitors!4° 
are in development. Ideally, drugs or host immune modulators (such as IFN-lambda or TLR 
agonists) will be identified that would protect against diverse norovirus genotypes.!°°437-497 


Vaccines 


Recognition of the disease burden and economic impact of noroviruses has informed research 
to develop a vaccine.*°!*°” As noted earlier, improved surveillance in concert with diagnostic 
confirmation has allowed more accurate assessment of morbidity and mortality (see 
Morbidity and Mortality). Globally, norovirus incurs billions of dollars each year in direct 
health care system costs ($4.2 billion US) and even more in indirect societal costs ($60.3 
billion US).*° A vaccine would be of special importance to infants and young children, health 
care workers, food handlers, college students, military personnel, nursing home residents, 
and individuals in various institutional settings. Although norovirus gastroenteritis tends to 
be a mild illness, a reduction in diarrheal episodes may be especially important in the 
debilitated, malnourished infant, because it has been suggested that repeated diarrheal 
episodes may be a precipitating factor in the development of malnutrition through sequential 
damage to the intestinal mucosa.*°”°°* The impact of norovirus infection on normal 
gastrointestinal microbiota or underlying disease conditions when elucidated may provide 
additional avenues to support norovirus immunoprophylaxis (see Norovirus-Microbiota 
Interactions). 


A vaccine for the control of norovirus gastroenteritis is not yet available, but a number of 


vaccine candidates are in development.!!®294°° Various routes of administration, 
formulations, and expression systems for rVLPs (or subunit forms) are under 
investigation 240.69, 191,161,196,224,278,514,565,566,569,573 Two-phase I/II trials have shown that 
norovirus rVLPs are safe and provide some protection against illness at the doses, routes, and 
adjuvants tested. In the first trial, NV (GI.1) rVLPs were administered by an intranasal route 


followed by oral challenge with infectious NV.** The second trial evaluated a bivalent 
formulation comprised of NV(GI.1) and a GII.4 consensus rVLP administered by 
intramuscular injection, followed by challenge with infectious GII.4 norovirus.°° Although 
both trials showed some evidence for protective immunity, larger placebo-controlled phase 
III trials will be needed to establish the efficacy of these vaccines. A phase I trial of an 
adenovirus-vectored norovirus vaccine administered orally in tablet form was also recently 
completed with promising results and will likely progress further in clinical trials.2®! Because 
noroviruses are antigenically diverse, additional work will be needed to determine the 
number of antigenic components required to provide protection against a broad range of 
norovirus antigenic types and variants. 


Infection Control 


Specific methods are not available for the prevention of norovirus infection and illness. 
Outbreak management generally focuses on containment by the prevention of spread to other 
areas by ill or exposed individuals, frequent handwashing, and effective environmental 


decontamination.*? Shedding can occur beyond the resolution of symptoms as well as in the 
prodromal stage of infection,'** presenting challenges to infection control. 


The noroviruses are generally resistant to detergent or ethanol-based cleaning of 
environmental surfaces and fomites and require additional chemical disinfection.*!1!*° 
Reliance on the use of alcohol-based hand sanitizers over handwashing has been reported to 
actually increase the risk of norovirus transmission and infection in patient care settings.°”"°~® 
Effective disinfectants have been reported to include hypochlorite at 5,000 ppm (domestic 
bleach is ~5% sodium hypochlorite and can be used as a 10% solution), hydrogen peroxide— 


based cleaners, and phenolic-based cleaners.*! Inactivation has been difficult to evaluate in 
the absence of in vitro infectivity assays, and surrogates for human noroviruses have been 


employed, with variable success.!'* However, recent advances should facilitate this 


analysis.*°° The poor disinfecting properties of alcohols and the efficacious properties of 
chlorine against human norovirus have recently been verified in an in vitro infectivity assay 


in human enteroids.!!2 


Special care must be given to the hygienic processing of food in view of the frequent 
occurrence of foodborne outbreaks.°? Depuration of oysters does not adequately clear tissues 
of NV,*!° and recent studies have shown that certain norovirus genotypes (such as GI) bind 
more avidly to HBGA-like glycans in oyster tissues.°*)?”? Leafy greens such as lettuce may 
also bear HBGA-like ligands that bind norovirus.'”? Precaution must be taken to prevent 


contamination of oyster beds and farm fields with feces, vomitus, or sewage treatment plant 
effluent. Measures that increase the purity of drinking water or swimming pool water should 


also decrease the frequency of outbreaks.*°* Various technological processes are under 


development to inactivate noroviruses in agricultural food products and shellfish prior to 
market.223,285,307,329,412,491 


PERSPECTIVE 


The past few years have seen remarkable progress in the calicivirus field, but in particular, 
major advances were made in our understanding of noroviruses. Chiefly among them was the 
discovery of two human norovirus culture systems, human intestinal enteroid cultures and 
transformed human B-cell lines (e.g., BJAB). Admittedly, improvements need to be made in 
several aspects of both systems to realize the full potential of these culture models. 
Nevertheless, since this lack of a cell culture model has been hampering progress in the field 
for decades, these initial steps are vital to spur the many new discoveries in the future that 
will undoubtedly follow. Furthermore, the MNV model with its many tools continues to 
reveal fascinating new biology about these viruses. Among them was the discovery of the 
first norovirus proteinaceous receptor CD300lIf, an Ig-like lipid-binding protein, whose 
presence regulates the cellular tropism of MNVs. Study with MNV also uncovered for the 
first time that tuft cells, specialized chemosensory cells in the intestinal epithelium, are 
infected by a virus and that these cells can provide an immunoprivileged location for long- 
term viral persistence in the intestine. Studies with both human and MNVs also demonstrated 
an intricate interplay of these enteric viruses with the microbiota. Thus, in addition to host 
factors, viral biology and pathogenesis are also impacted by members of other kingdoms of 
life, highlighting the need to broaden our reductionist approaches, if we want to fully 
understand these emerging viruses. Advances in genomic technologies continue to uncover 
additional genetic diversity in the calicivirus family, leading to the recent description of six 
new calicivirus genera. Individual members of these genera hold the potential for additional 
animal and cell culture models to increase the versatility of existing tools and models in the 
field. Combining the enormous technical advances being made in other scientific fields with 
the calicivirus knowledge and tools from the past decades promises additional scientific 
breakthroughs in the field as well as effective ways to treat and prevent their infections in the 
near future. 
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The Togaviridae are simple enveloped plus-strand RNA viruses that are spherical in 
appearance and contribute significantly to human disease. Although they were originally 
classified together with several groups of viruses predominantly transmitted by insects, more 
recent analyses have defined them into a distinct family with two genera: the alphaviruses 
and the rubiviruses.'©° The alphavirus genus is by far the larger of the two with about 31 
recognized members, while the Rubivirus genus is composed of a single member, rubella 
virus. Virus classification into each group is determined by genome organization and 


nucleotide homologies. The alphaviruses are responsible for a variety of human and animal 
diseases, involving encephalitis, arthritis, fever, rash, and arthralgia, and are transmitted 
primarily by arthropod vectors. Viruses such as chikungunya (CHIKV) and Venezuelan 
equine encephalitis virus (VEEV) have been responsible for recent human outbreaks and 
have raised awareness of the significance and potential threat of alphaviruses to human 
health. Rubella virus is a common childhood illness for which an effective vaccine is 
available. However, in the absence of immunity, the virus can induce severe congenital 
defects in the fetus of infected women. 


Sindbis virus (SINV), the type member of the alphavirus genus, has been extensively 
studied in large part due to its facile growth in cell culture and its ability to cause mild or 
inapparent illness in humans. The virus has an 11.7-kb RNA genome that is capped at its 5’ 
end and contains a poly (A) tract at its 3’ terminus.*°° Virions have a spherical icosahedral 
arrangement of proteins that has facilitated their structural analysis. The detailed knowledge 
of the viral life cycle, which is the focus of this chapter, has been exploited for the 
development of alphavirus gene expression vectors. Many members of this virus group have 
been studied for their role in pathogenesis. Rubella virus, as expected from its classification, 
shares a number of properties with the alphaviruses, yet has several important distinctions 
that are highlighted throughout the chapter. 


CLASSIFICATION OF VIRUSES WITHIN THE 
TOGAVIRIDAE FAMILY 


Viruses transmitted by arthropods have been referred to as arboviruses. It was originally 
observed by electron microscopy that many arboviruses had a similar morphological 
appearance that resembled a Roman cloak (in Latin, toga), hence the name togaviruses. 
Originally, the family Togaviridae consisted of Group A (alphaviruses) and Group B 
(flaviviruses); however, the genera rubiviruses and pestiviruses were later added based on 
their similar physical properties but despite their lack of arthropod transmission. With the 
development of sequencing, it became apparent that the original joint classification for these 
viruses was in error. The togaviruses have nonstructural or replication proteins encoded at the 
5’ end of their genome RNA, while the 3’ end encoded the proteins that constitute the virus 
particle or virion. In the togaviruses, these structural proteins are translated from a 


subgenomic mRNA that derives from, and is coterminal with, the 3’ end of the genome.*!°.2°° 


The larger of the two genera within togaviruses, the alphaviruses, has been classified into 
several antigenically related complexes.2?’ Most phylogenetic analyses support this 
classification, but several recent additions add complexity to the organization. The 
alphaviruses have a worldwide geographic distribution, including the continent of Antarctica. 
The alphaviruses have classically been described as either Old World or New World viruses, 
depending on their distribution, and it is likely that several transoceanic exchanges have 
occurred.?°” Most alphaviruses are transmitted by arthropod vectors that probably control 


their geographic dispersal. However, the identification of the salmonid viruses, salmon 
pancreas disease virus, and sleeping disease virus (infecting rainbow trout) presents examples 
of alphaviruses for which arthropod transmission is unlikely.*°? These salmonid viruses 
appear to have diverged from the Old World to New World lineages early in alphavirus 
evolution, with no present-day close relatives. Another identified alphavirus, southern 
elephant seal virus, has been isolated from the louse Lepidophthirus macrorhini.'“® This 
isolation demonstrates not only that alphaviruses can be transmitted by lice but also that they 
can infect marine mammals, and a recent report suggests a marine origin for the 
alphaviruses.°° However, the recent isolation of insect-specific alphaviruses such as Eilat 
virus, which are unable to replicate in vertebrate cells, suggests a potentially ancestral 
alphavirus.!® 


Although the alphaviruses and rubella virus have been classified within the same family, 
the evolutionary relationship between them is obscure.°* They have a similar genome 
organization, and their virions share physical similarities, yet their replication and assembly 
strategies are sufficiently diverse to question whether they arose from a direct ancestor. 


VIRION STRUCTURE 


Structure of Mature Virion 


The structure of the alphavirus virion has been extensively studied, and numerous high- 
resolution structural studies now provide an atomic view of the virion. Although a variety of 
biophysical methods were used to elaborate the alphavirus structure, work that has advanced 
the field the most has come from cryoelectron microscopy (cryo-EM) and image 
reconstruction techniques.*”22°9-99.277.278 The virion is 70 nm in diameter, with a molecular 
mass of 52 x 10° Da and a density of 1.22 g per cc. It is composed of repeating units of the 
E1 and E2 transmembrane glycoproteins, the capsid protein (C, sometimes referred to as the 
nucleocapsid protein), a host-derived lipid bilayer, and a single molecule of genome RNA. 
The protein components of the virion are arranged as a T = 4 icosahedral lattice, with 240 
copies of each subunit.*®!°°.2°! These subunits interact with one another to form a rigid 
structure across the membrane in a one-to-one relationship between glycoproteins E2 and C. 
Smaller amounts of another membrane-associated protein, 6K, are also found in the virus 
particle.°* ©” It has been discovered that another small protein, the TransFrame (TF) protein, 
is found in substoichiometric amounts in the virion.*° The lipid bilayer is derived from the 
host plasma membrane and is enriched in cholesterol and sphingolipid, molecules that are 
required for entry and budding."'° Inside the bilayer, the C surrounds the genome RNA and 
forms an icosahedral shell. Thus, the alphaviruses are composed of multiple organized shells 
of molecules that effectively protect and deliver the viral RNA to susceptible host cells. 


Cryo-EM has been extensively used to study the structure of alphaviruses, including 
SINV,!%® Semliki Forest virus (SFV),?”° Ross River virus (RRV),*° VEEV,!%°208 Western 


equine encephalitis virus (WEEV),*°° Eastern equine encephalitis virus (EEEV),?! Aura 
virus,?°° CHIKV,*°° and Barmah Forest virus (BFV).!*° The most recent studies with SINV 
are the most advanced, with a resolution of 3.5 A reported for these viruses.*” The surface 
view of the virion, seen in Figure 5.1 for SINV, reveals a spherical particle with spike 
protrusions rising 100 A from the lipid membrane surface. The icosahedral nature of the 
particle results in an ordered distribution of the petal-like spikes. The asymmetric unit, which 
is shaded in green in Figure 5.1A, contains four E1—E2 heterodimers. Each spike consists of 
three heterodimers of E1 and E2 glycoproteins. A total of 80 spikes reside on icosahedral 
threefold (solid black triangle in Fig. 5.1A) and quasi-threefold axes (open white triangle in 
Fig. 5.1A). Earlier biochemical studies established the nature of the heterodimer, and this 
relationship has been confirmed by cryo-EM reconstructions?!* and by x-ray 
crystallography.'**:*’" Although the protein lattice occupies a substantial surface area, small 
openings are present in the virion that reveals the underlying lipid bilayer. These openings 
are most pronounced at the twofold axes but can also be found at the fivefold axes and 
around the base of each spike. 
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FIGURE 5.1 Structure of an alphavirus determined using cryo-EM. A: Surface- 
shaded view of Sindbis virus as determined by cryo-EM at 7.0 A. The trimeric 
petal-shaped spikes are visible, with solid triangles representing the threefold 
axes and white triangles representing quasi-threefold axes. One of the 
asymmetric units is highlighted by green shading. B: The same view as shown in 
(A) but with the front half of the reconstructed structure removed. The outer 
layer containing spikes is shown in blue, while the underlying skirt density is in 
magenta. Crossing the lipid bilayer (cyan) reveals the ordered capsid protein 


(green; residues 114—264), a disordered region containing a mix of protein and 
RNA (yellow), and a region containing the remainder of the RNA genome (red). 
The transmembrane densities of E1 and E2 are seen spanning the outer and inner 
leaflets of the lipid bilayer (cyan). (Reprinted from Tang J, Jose J, Chipman P, et 
al. Molecular links between the E2 envelope glycoprotein and nucleocapsid core 
in Sindbis virus. J Mol Biol 2011;414(3):442—459, copyright 2011 with 
permission from Elsevier.) 


The transmembrane components of the two glycoproteins are clearly seen in the cryo-EM 
reconstructions (Fig. 5.1B). The shape of density demonstrates that each transmembrane 
segment traverses the bilayer as a helix, although the E1 transmembrane domain is better 
represented by two alpha helices separated by a two-amino acid kink.2°° The E1 
glycoprotein has 5 amino acid residues that penetrate across to the inner side of the 
membrane (cdE1), while E2 has 33 amino acids (cdE2) that interact with the nucleocapsid 
core, /46-149,262,308 This interaction is observed in cryo-EM reconstructions and demonstrates 
that each E2 molecule makes specific contacts with each capsid protein. The nucleocapsid 
core has a T = 4 arrangement of capsid protein, with the C-terminal protease domain forming 
pentameric and hexameric projections that appear as capsomeres on the surface of 
nucleocapsid cores (shown in green in Fig. 5.1B). The genome RNA does not appear to 
assume regular symmetry within the nucleocapsid core and is not ordered in the 
reconstructions (red in Fig. 5.1B). 


Structure of Immature Virion 


The structure of the immature virus containing an uncleaved precursor to E2, called PE2 or 
p62, has also been solved using cryo-EM.*°.7°° Mutant versions of both SINV and SFV were 
used for independent structure determinations resulting in similar structures. The extra 
density corresponding to the small protein E3 was found predominantly between the petals of 
the spike resulting in a dual-lobed petal. At a resolution of 25 A, no apparent differences 
were found in the skirt or other regions of the spike and suggest that following cleavage of 
PE2 and release of E3, no significant conformational changes occur in the virus structure. 
These results have been further validated by a 6.8 A cryo-EM structure of an immature 
CHIKV virus-like particle.*°* Slight differences were observed in the transmembrane helices 
and the radius of the spikes when compared with mature particles. The immature form of the 
virus has been proposed to stabilize the fusion protein as it transits the mildly acidic 
environment of the Golgi.!°*!5*:8! At some point in the transit of the particle post-Golgi, the 
pE2 precursor protein is cleaved by furin; however, the processed E3 remains bound to the 
particle.*°° 


The Structural Proteins of the Virion 


The proteins that constitute the alphavirus virion are synthesized as a polyprotein from a 
subgenomic RNA and are shown in Figure 5.2. The structures of the three major virion 
proteins have been determined by x-ray crystallography to high resolution. The capsid 
protein functions to encapsidate the genome RNA and forms a T = 4 icosahedron prior to 
release from the cell. The 264—amino acid capsid protein of SINV was crystallized, although 
the N-terminal 105 residues have been absent in the final structures.°° It was suggested that 
the highly basic N-terminal domain was susceptible to proteases and degraded during crystal 
growth. A similar observation was made for the SFV capsid protein.*? The C-terminal 
residues 114 to 264 of the SINV capsid protein form a chymotrypsin-like fold with the 
ultimate residue tryptophan 264 bound in the active site protease pocket. The fold contains 
two Greek key 6-barrel domains that bring the catalytic triad of Ser215, His141, and Asp163 
into juxtaposition for activity.®° This structure substantiated biochemical and genetic data that 
proposed that the capsid protein had an autocatalytic serine protease activity.!°°+1°° The 
atomic structure of the capsid protein was used to generate a “pseudoatomic” resolution 
structure of the alphavirus nucleocapsid core (Fig. 5.3C) by fitting its coordinates into the 
cryo-EM density.'©°!’”*22 This was accomplished and suggested that the missing residues of 
the N-terminus would point inward from the core surface and interact with the negatively 
charged viral RNA. The recent 4.4 A cryo-EM structure of EEEV provides support for the 
earlier fitted structures and provides additional insight into the position of the N-terminal 
residues 82 to 112 (Fig. 5.4) that were implicated in genome RNA binding.?! 


N64 N196 N318 N139 N245 


Protease domain (114-264) 
CP Hydrophobic Pocket 
(M132, E133, K135, M137, M164, F166, Y180, W247) 
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WLFALFGGASSLLIIGLMIFACSMMLTSTRR 439 
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N-linked glycosylation sites: | E3: 14, E2: 196, 318, E1: 139, 245 


Cleavage sites: {cp protease | Furin | Signalase 


FIGURE 5.2 A schematic of the Sindbis virus structural polyprotein. The 
individual proteins are color-coded with protease cleavage sites indicated by an 
arrow. N-linked glycosylation sites are shown by green arrowheads. The amino 
acids that constitute the transmembrane and cytoplasmic domains of both E1 and 
E2 are shown. Asterisks indicate residues of cdE2 that interact with the capsid 
protein. The TF protein is identified by the bent arrow followed by the dotted 
line crossing E1. 
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FIGURE 5.3 Pseudoatomic representation of the Sindbis virus structural 
proteins based on the 7.0 A cryo-EM reconstruction. A: The structure of E1 and 
E2 of Sindbis virus. E1 is shown in red. The A and C domains of E2 are shown 
in two colors with one representing the structure from the crystal structure (cyan) 
and the one obtained by fitting the crystal structure into the cryo-EM map 
(green). The B domain of E2 (blue) is a homology-modeled structure derived 
from the chikungunya crystal structure. The arrow points to the E1 fusion 


peptide (yellow). B: Same as in (A) but fitted into the cryo-EM density (gray 
mesh). C: Cross section of the fitted cryo-EM structure showing the 
transmembrane helices of E1 (red) and E2 (green) and the underlying N-terminal 
protease domain of the capsid protein (residues 114—264). Below capsid residue 
114 (blue ball), the remaining N-terminal residues of the capsid are not identified 
but must interact with the underlying genome RNA. Additional EM density is 
shown in gray. D: Interactions between the capsid protein and the cdE2. The 
residues that constitute cdE2 (amino acids 391—423) were modeled based on the 
cryo-EM density and are shown as they interact with the hydrophobic pocket of 
the capsid protein. Residues of the capsid that have been shown as important in 
this interaction, F166, Y180, and W247, are highlighted. (Reprinted from Tang J, 
Jose J, Chipman P, et al. Molecular links between the E2 envelope glycoprotein 
and nucleocapsid core in Sindbis virus. J Mol Biol 2011;414(3):442—459, 
copyright 2011 with permission from Elsevier.) 


Genome 
binding site 


FIGURE 5.4 Structure/topology of the alphavirus capsid protein. A: Schematic 
representation of the EEEV capsid protein with the N-terminal disordered 
domain (residues 1-81) shown in gray and the C-terminal serine protease 
domain (residues 117—261) shown in yellow. The putative RNA genome-binding 
and ribosome-binding sites (residues 82-112) are shown between the N and C 
domains. B: Cross-sectional density of the 4.4 A EEEV reconstruction showing a 
set of E1—E2-C proteins radially colored with the outer tip of E2 shown in red 
and the inner capsid/RNA genome shown in blue. The dashed lines represent the 
inner and outer lipid bilayer head groups. C: The genome RNA-binding 
sequence is shown by the brown chain with residue 82 represented by the red 
circle at the radius of the capsid. D: A surface-shaded representation of the C- 
terminal domain of the capsid is shown in yellow with the E2 glycoprotein bound 


in the hydrophobic pocket of the capsid. On the other side (facing RNA genome) 
of the capsid C-terminal domain are the residues (82-112) of the RNA-binding 
site. E: As in (D), except the ribosome-binding site is highlighted (residues 97— 
111), and residue Lys97 is shown with a yellow circle. (Reprinted from Hasan 
SS, Sun C, Kim AS, et al. Cryo-EM structures of eastern equine encephalitis 
virus reveal mechanisms of virus disassembly and antibody neutralization. Cell 
Rep 2018;25(11):3136.e5-3147.e5, copyright 2018 with permission from Cell 
Press.) 


The E1 protein functions as a class II fusion machine to promote the joining of viral and 
cellular membranes under conditions of low pH. The structure of the prefusion form of the 
E1 molecule from SFV was solved using x-ray crystallography.!°”*°’ The structure of the E1 
ectodomain (residues 1-383) is shown in Figure 5.3A and B and contains three B-—barrel 
domains. Domain I, the so-called central domain, links domains II and HI. The extended 
domain II contains at its distal end the fusion peptide, a short loop of hydrophobic amino 
acids that promotes insertion of the protein into the target membrane. Domain III has an Ig- 
like fold and connects at its C-terminus with the transmembrane domain of the protein. 


The structure of E1 is remarkably similar to the flavivirus E protein.*!+7°° Unlike the 
alphaviruses, the flavivirus E protein functions both in receptor attachment and in membrane 
fusion. In the alphaviruses, these two activities are carried out by proteins E2 and F1, 
respectively. In the flaviviruses, the E protein is oriented roughly parallel to the lipid 
membrane, and it was anticipated that El might assume a similar orientation in the 
alphavirus virion.!*° This was essentially verified once the E1 atomic structure was fitted into 
the cryo-EM density. This fitting was accomplished for both SFV and SINV and recently for 
CHIKV.!°7-142.20.279 Furthermore, for SINV, the two sites of E1 glycosylation were mapped 
onto the cryo-EM structure, and these sites at Asn139 and Asn245 were used as positional 
markers to fix the position of E1 in the virion.2°° E1 lies at an angle of approximately 50 
degrees relative to the surface of the membrane (Fig. 5.3B), and it forms an icosahedral 
lattice constituting the region that has been referred to as the skirt.!°”2°° The crystallographic 
E1 dimer, which is a back-to-back dimer as opposed to a face-to-face dimer seen in the 
flaviviruses, is essentially preserved in the arrangement of E1 in the virion. The interface 
residues that make contact in the crystallographic dimer are presumably those that are 
important for forming the icosahedral lattice in the virion. 


Although E1 constitutes the skirt region of the alphavirus surface, the majority of the 
protruding spike is composed of the E2 molecule. E2 constitutes the petals that make up the 
spike and covers the distal end of the E1 molecule that points outward. E2 serves to engage 
cell surface receptor molecules required for entry of the virion into the cell. The crystal 
structure of E2 together with both E1 and E3 for CHIKV was solved and reveals a three- 


immunoglobulin domain protein.*”? Domain B is located at the outermost point of the spike 


and contains the residues that have been implicated in receptor binding and as well as those 
involved in binding neutralizing antibodies. Domain B exhibits mobility in the context of the 
spike and was absent from the intact SINV E1—E2 trimer structure done at low pH. At the 
other end of the protein, located closest to the viral membrane is the C-terminal domain C. 
The N-terminal domain A (residues 1—132 in SINV) is the central bridge of E2, and 
connections are made to the B domain by the 6-ribbon connector. The B-ribbon connector is 
flanked by a pair of well-conserved histidine residues, with E2 residue His170 shown to 
function as an acid switch to release the connector and B domain under acidic conditions. 
While E3 does not directly contact E1, its contact with the B-ribbon connector holds it in 
place to prevent movement of the B domain while the virus exits the cell in an immature 
state. The furin cleavage of the p62 to release E3, therefore, releases the clamp holding the B 
domain and activating the complex for pH-triggered fusion. E1 and E2 have extensive 
contacts with each other promoting the spike architecture (Fig. 5.3A, B). A recent high- 
resolution 3.5 A cryo-EM reconstruction of SINV revealed the existence of a hydrophobic 
pocket that was occupied by a 20-A-long linear molecule.*” This pocket, similar to one seen 
in a lower-resolution structure of VEEV,°”8 lies above the lipid membrane and is bound by 
conserved amino acids (Fig. 5.5). It has been hypothesized that this pocket stabilizes the 
glycoprotein interactions, and when exposed to low pH, several conserved histidines may be 
protonated and cause the release of this “pocket factor” facilitating the resulting low pH- 
induced conformational changes. 
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FIGURE 5.5 The C-a backbone of the 3.5 A cryo-EM structure of SINV 
showing E1/E2/E3 glycoproteins. The atomic model of the glycoproteins was 
built directly from the cryo-EM density. The dashed box shows the location of 
the hydrophobic pocket that is occupied by an extended lipid molecule (red). It is 
suggested that the collapse of the pocket upon acidification results in ejection of 
the pocket factor and the ability of the glycoproteins to undergo movement 
necessary for fusion. (Reprinted from Chen L, Wang M, Zhu D, et al. Implication 
for alphavirus host-cell entry and assembly indicated by a 3.5 A resolution cryo- 
EM structure. Nat Commun 2018;9(1):5326, copyright 2018 with permission 
from Springer Nature.) 


In addition to the three major structural proteins identified by cryo-EM in the virion, two 
small transmembrane proteins are present in substoichiometric amounts and can be identified 


using purified virus and mass spectrometry. The existence of the 6K protein in the virion has 
been well established, but more recently the TF protein (~8 kDa) has also been found within 
SFV particles.*° Given the low abundance and presumably random distribution of these small 
transmembrane proteins, they have not been detected using high-resolution cryo-EM, and 
their membrane architecture has to date prevented x-ray crystal structures. Whether the TF 
and 6K proteins exist as oligomers is also unknown. 


GENOME STRUCTURE AND ORGANIZATION 


The Togavirus genome resides on a positive strand RNA that contains a 5’ terminal 7- 
methylguanosine and a 3’ terminus that is polyadenylated (Fig. 5.6). The alphavirus genome, 
represented in Figure 5.6 by the type virus SINV, is approximately 11.7 kb in length, while 
rubella virus is nearly 2 kb shorter at 9.8 kb.°°*9° The genomes segregate their replication 
and virion proteins coding regions into two segments with the replication region mapping to 
the 5’ two-thirds and the structural region mapping to the 3’ one-third. Limited nucleotide 
homology exists between genomes in the two genera, although there are several sequences in 
both translated and nontranslated regions (NTRs) that do have homology; however, most 
evidence suggests that their replication and assembly strategies are quite different.*? The 
nonstructural or replication proteins are translated from the genome RNA, whereas the 
structural or virion proteins are translated from a subgenomic mRNA.! In SINV, the 5’ 
NTR is 59 nucleotides, about average for the alphaviruses, while the 3’ NTR is also close to 
the average in length at 322 nucleotides. 
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FIGURE 5.6 The genomes of SINV and rubella virus. Nontranslated regions are 
shown by the solid line, and translated regions are shown in boxes. Open boxes 
indicate replication proteins and shaded boxes represent structural or virion 
proteins. Motifs and cleavage sites are indicated according to the scheme. The 
subgenomic mRNAs are not shown to scale with the genomic RNAs. 


Using comparative genome analyses and functional genetic studies of defective interfering 
(DI) particles and viruses, four conserved regions (conserved sequence element [CSE]) of the 
alphavirus genome were identified as cis-acting elements important for replication.!*! Two 
conserved regions are found near the 5’ end of the genome, one is found in the junction 
region between nonstructural and structural genes, and one is found at the 3’ end immediately 
preceding the poly (A). Three presumably similar functioning CSEs can also be found in the 
rubella genome.*® In the alphaviruses, each CSE has been shown to interact in a host- 
dependent manner, suggesting that host factors may play a role in their function.*?-!2718186 
It has been shown that a U-rich region in the 3’ NTR of SINV contains elements responsible 


for viral RNA stability and that the cellular HuR protein binds this region decreasing the rate 
of cell-mediated decay of the genome RNA.*°? In addition, studies have shown that host 
proteins bind to the 3’ end of the minus-strand RNA of SINV, and in one case, the protein 
was identified as the mosquito homolog to the La protein.!9°-!%° 


ALPHAVIRUS REPLICATION 


Mechanism of Attachment and Receptors 


Alphaviruses display an extremely broad host range, both in terms of susceptible animal 
species and in terms of cells in culture. This broad host range has prompted speculation as to 
the nature of the receptor with two hypotheses proposed to explain this phenomenon.*°° In 
the first, the virus E2 glycoprotein contains multiple receptor-binding sites so distinct cellular 
receptors can bind the viral surface protein. The second hypothesis proposes that the virus 
uses a ubiquitous receptor that is highly conserved across species, including both mammals 
and mosquitoes. Data exist to support each model, and it is likely that a combination of the 
two is the true strategy for alphavirus attachment to the cell. 


The variety of molecules that have been implicated for SINV argues for multiple distinct 
receptor-binding sites on E2.*°° The use of the laminin receptor with its high conservation 
across species suggests that it might serve as a receptor in multiple cell types and multiple 
host species.*°° However, the picture remains obscure for SINV because laminin receptor 
functions in baby hamster kidney cells but not in chicken embryo fibroblasts, where a 63- 
kDa protein has been implicated.*°* In mouse neuroblastoma cells, proteins of 74 and 110 
kDa have been reported as possible SINV cellular receptors.7°°® DC-SIGN and L-SIGN, C- 
type lectins that bind mannose-enriched carbohydrates, have also been implicated as 
receptors of alphaviruses that have been produced in mosquito cells.!‘° Studies using a 
genome-wide RNAi screen in Drosophila cells identified the natural resistance-associated 
macrophage protein (NRAMP) as a cellular receptor functioning to permit SINV infection.*7° 
Likewise, NRAMP2, the vertebrate homolog, is allowed for SINV, but not RRV, entry into 
mammalian cells. This finding raises the possibility that a family of related conserved 
multipass membrane proteins may serve as receptors for other alphaviruses. However, it has 
recently been shown using a genome-wide CRISPR—Cas9 screen for host factors involved in 
CHIKV infection that a membrane adhesion protein, Mxra8, functions as a cellular receptor 
for CHIKV, RRV, and other related arthritogenic alphaviruses.°°? The virus did bind to 
Mxra8, and antibodies against the protein were able to block CHIKV infection validating this 
protein as an authentic alphavirus receptor. A cryo-EM structure of CHIKV bound to Mxra8 
reveals the binding of the receptor into a cleft formed by neighboring E1—E2 heterodimers 
within a spike and engaging a neighboring spike. 


Natural isolates of EEEV utilize cell surface heparan sulfate as an attachment receptor.°° 
This use of heparan sulfate may direct tropism of EEEV and promote enhanced 


neurovirulence. In contrast, passage of several other alphaviruses in culture leads to the 
accumulation of adaptive mutations, some of which introduce basic amino acids in their E2 
glycoprotein.!?!22:!!7 This increase of positively charged amino acids in E2 leads to high- 
efficiency attachment to cells through heparan sulfate molecules. The importance of this 
interaction was demonstrated genetically by the generation of a Chinese hamster ovary cell 
line using retroviral insertional mutagenesis that was deficient in the expression of heparan 
sulfate and chondroitin sulfate.'!°* These cells were resistant to SINV infection and defective 
in binding virus. The substitution of a single residue on the E2 glycoprotein of RRV was 
sufficient to permit heparan sulfate binding, and this attachment was mapped using cryo-EM 
to the distal tip of the spike.9+°°’ The binding of heparan sulfate does not result in 
conformational changes in the virion, nor does it enhance the fusion process.*47°07 
Therefore, it likely serves simply as a mechanism to attach the particle to the cell surface so 
an efficient interaction with the entry receptor can occur. In contrast to what is observed in 
cell culture with SINV, infection of mice results in the development of large-plaque viral 
mutants with a reduced affinity for heparan sulfate and a greater viremia.** However, given 
these diverse observations, the utilization of heparan sulfate and its role in pathogenesis 
among the different alphaviruses requires further investigation. This model in which viruses 
first use a low affinity ubiquitous cell surface molecule to attach to the cell so that a more 
limited two-dimensional search for the entry receptor is likely employed by many of the 
alphaviruses. 


Mechanisms of Entry, Membrane Fusion, and Uncoating 


Following attachment to cells and engagement with an entry receptor, alphaviruses proceed 
via the endocytic pathway to gain access to the cell interior (Fig. 5.7).°©9°-®* Structural and 
biochemical experiments demonstrate that binding of RRV to heparan sulfate does not induce 
conformational changes in the virion.°?’ However, other receptors may induce 
conformational changes in the particle that might mediate entry such as the reduction of 
disulfide bonds to disrupt protein-protein interactions.!'!'9%.2°° Despite these suggestions 
that disulfide exchange may play a role in alphavirus entry, the use of thiol-blocking reagents 
failed to show a significant inhibition of infection.’? However, it is clear that the attachment 
of SINV to cells results in the exposure of new epitopes defined by monoclonal antibodies 
and suggests that protein rearrangements occur following receptor engagement.*”!”° Similar 
observations have been made using purified virus and treatment with heat, pH, and reducing 
agents.!°9 In addition, the recent observations on the role of virion and protein dynamics in 
the flavivirus life cycle suggest that other structurally related viruses might employ particle 
dynamics to sense their environment as they search for an entry receptor.'*! In addition to the 
role of thiol exchange reactions that have been proposed to play a role in alphavirus entry, 
there has even been a suggestion that cell penetration may occur at the cell surface in the 
absence of fusion by conformational rearrangements in the envelope glycoproteins.!!°9 
However, it has been fairly well established that membrane fusion triggered by an exposure 
to acidic conditions is the gateway for the release of genome RNA into the cytoplasm (Fig. 


5.8). Finally, a virus receptor may not need to induce a conformational change in the virion to 
function as a receptor and for the particle to gain entry. 
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FIGURE 5.7 Life cycle of an alphavirus. The start of the life cycle is shown on 
the left with the attachment of a virion to the cellular receptor. Following fusion 
of the viral envelope, disassembly of the core, and release of the genome RNA, 
replication proteins are translated and processed (bottom left). These proteins 
enable the replication of the input genome RNA (bottom center) and translation 
of the subgenomic mRNA into structural proteins. Cytoplasmic assembly of 
genome RNA and capsid produces the nucleocapsid core that associates with 
processed glycoproteins (right) at the plasma membrane resulting in budding. 
Scale varies. 


FIGURE 5.8 Postfusion structure of the Semliki Forest virus E1 protein. Panels 
A and B represent the neutral and low pH forms of the soluble E1 ectodomain 
lacking amino acid residues 392 to 438, respectively. The orientation of the 
protein presents the fusion loop (cd loop) toward the target membrane (top). This 
rearrangement would occur after E1 has undergone trimerization as shown in 
panel C. (This figure was modified using an image kindly provided courtesy of 


Dr. Felix Rey.!°”) 


Receptor-bound viruses undergo endocytosis into coated vesicles using a clathrin-dependent 
pathway. This pathway was demonstrated by DeTulleo and Kirchhausen using dominant- 
negative mutants of dynamin to block the formation of clathrin-coated pits and prevent entry 
of SFV and SINV.°° The vesicles are subsequently acidified, providing the trigger for fusion 
between viral and cellular membranes. Acid-induced fusion is supported by numerous studies 
but most convincingly by the use of lysosomotropic weak bases that raise the pH of 
endocytic vesicles and prevent entry of alphaviruses.’>°° Although it has been argued that 
viral RNA replication might also be affected by the acidification, pseudotyped viruses 
containing alphavirus envelope proteins are also inhibited in entry by this treatment.*!97737 
Entry is aided by several host proteins in the endosomal pathway, with TSPAN9 being one 
that functions in the early endosome to make it more permissive for membrane fusion.*°* 


The role of the alphavirus E1 and E2 glycoproteins in the entry process has been firmly 
established (Figs. 5.8 and 5.9). In the presence of acidic pH, the E1—E2 heterodimer is 


destabilized and the two proteins dissociate.*°!7°° The dissociation of the proteins results in 
the exposure of the fusion peptide that is found on the distal tip of E1.47*®°!8” The fusion 
peptide of E1 inserts into the target membrane in a cholesterol-dependent manner followed 
by the trimerization of E1.4:711!1187,205,282 ~ Jarge conformational change in E1 results in 
domain II and the stem anchor region of the protein packing against domain II, resulting in 
the viral and target membranes being brought into close opposition (Fig. 5.8).’4 A set of E1 
trimers, possibly resembling what has been seen in liposomes, results in membrane 
deformation and promotes membrane mixing.’* Finally, a fusion pore will form as the two 
membranes complete the process, and the nucleocapsid core will be released into the 
cytoplasm (Fig. 5.9). 


FIGURE 5.9 Model of alphavirus fusion. A: The immature p62/E1 (p62 = pE2) 
heterodimer is shown with E2 domains (A), (B), and (C) shown in gray, E3 in 
pink, and E1 domains I, I, and III in red, yellow, and blue, respectively, covering 
the E1 fusion peptide (star). B: Cleavage of p62 by host furin, although it 


remains bound protecting E1 in the low pH of the trans-Golgi. C: E3 may be 
released depending on pH conditions as the virus is secreted from the cell. D: 
The mature form of the E2/E1 trimer of heterodimers. E: At low pH, domain B 
of E2 rearranges to expose the E1 fusion loop. F: Low pH releases E2 from the 
heterodimer, and E1 inserts into the target membrane. G: Fold-back process by 
which domain ITI and the stem region move toward the fusion loop. H: Folding 
of domain III and the stem region against domain II of the trimer pulls the 
transmembrane domains toward one another distorting the viral membrane and 
initiating hemifusion of viral and target membranes. I: Close opposition of the 
fusion peptides and transmembrane domains resolve into the fusion pore. (This 
figure was kindly provided courtesy of Margaret K from Nature: Felix AR. Virus 
membrane-fusion proteins: more than one way to make a hairpin. Nat Rev 
Microbiol 2006;4(1):67—76. Copyright © 2006 Springer Nature.) 


Lescar et al.!%” recognized that the structural features of the alphavirus E1 and flavivirus E 
proteins were distinct from the structures of other previously identified fusion proteins, such 
as HA from influenza, and proposed that they represented a novel class of fusion machines. 
They termed these class II membrane fusion proteins and elaborated several distinguishing 
features that separated the two classes. Class II fusion proteins are predominantly composed 
of B-strands, contain an internal fusion peptide, and have a companion protein that stabilized 
the structure; this companion protein forms an activated metastable structure following 
proteolytic processing of a precursor protein. In the alphaviruses, PE2 is proteolytically 
activated by cleavage to generate E3 and E2, with E2 and El forming a stable 
heterodimer.!°*!°? Mutagenesis experiments have provided insight into the fusion process 
and the residues that play regulatory and supporting roles in this process. As predicted, a pH- 
sensitive histidine residue in E1 (SFV H3) appears to regulate the low pH-dependent folding 
of E1 that is required for fusion.*!* Several other well-conserved histidines in E1 were 
evaluated and found unable to influence the activity. Kielian and colleagues also found that a 
salt bridge is formed within domain II of the E1 trimer core, which appears critical for 
stabilizing the homotrimer fusion intermediate.°? These have been supported by 
computational analyses of the envelope proteins undergoing a low pH transition.2°° 
Biochemical experiments with SFV have defined the requirements and steps in the 
alphavirus fusion process. Kielian et al. demonstrated a strict dependence on cholesterol for 
fusion. !'115%205 This requirement has been narrowed down to the sterol 38 hydroxyl group in 


cholesterol.?!!74289.50! A mutant was isolated (named srf-3 for sterol requirement in 
function) that was cholesterol independent and had an amino acid substitution of a proline to 
serine at E1 residue 226. This mutation did not affect fusion with normal membranes but 


significantly enhanced fusion to cholesterol-free membranes.**”! In mosquito cells, the srf-3 


mutant grew better than wild-type virus.° The importance of this region of E1, which lies in 
the ij loop, for alphavirus fusion was further demonstrated by mutation of a conserved 
histidine at position 230 to alanine with the resulting virus particles being noninfectious but 
capable of proceeding through E1 homotrimer formation under low pH conditions and 
suggesting a late step in fusion.*+ However, the exact role of cholesterol to promote fusion is 
not known. The structure of the postfusion form of E1 has been determined using x-ray 
crystallography.’*-’4 This was accomplished using a soluble form of the E1 ectodomain 
known as E1* following exposure to low pH in the presence of liposomes and solubilization 
with detergents. The structure of this homotrimer reveals the movement of domain III by 37 
A toward the fusion peptide and target membrane (Fig. 5.8)“ and is similar to changes that 
are induced by class I fusion protein activation.!'* Importantly, the addition of exogenous 
domain III can inhibit fusion by binding to E1 and preventing fold-back of the endogenous 
domain III.'4° A complete picture of the virion during the fusion process is not available, 
despite several attempts using cryo-EM to examine these steps.*?©+8!199 


Following the fusion of the viral and cellular membranes, the nucleocapsid core is 
released into the cytoplasm. The stability of that core is not known, but uncoating has been 
suggested to require the interaction of the core with ribosomes. This is based on several 
reports that suggest that ribosomal RNA competes for a site on the capsid protein and that 
displacement of this site results in disassembly.7****+9° This site has been identified in 
SINV capsid protein between residues 94 and 105 and coincides with a predicted site for 
genome RNA binding.*°° It has also been suggested that the core might be primed for 
uncoating by exposure to low pH, which causes the core to become unstable.*?*:7°° This 
exposure to low pH could occur in the endosome because both E1 and 6K have been 
proposed to have ion channel properties.!°>°”7°* However, studies using preformed cores 
microinjected into naive cells demonstrated that these cores do uncoat presumably devoid of 
conditions of low pH.*4® Whether these cores interact with ribosomes to promote 
disassembly and release of genome RNA remains to be shown. 


Translation and the Role of Viral-Encoded Replication 
Proteins 


The genome RNA serves as a messenger RNA for the synthesis of the nonstructural or 
replication proteins (Fig. 5.6). These are produced by two polyproteins that originate 
translation at nucleotide 60 in SINV.*°° The smaller but more abundant polyprotein P123 
terminates translation at an opal codon following 1897 amino acids. Readthrough of the opal 
codon occurs with a low frequency (~10%—20%) and results in the production of the larger 
P1234 polyprotein. Not all alphaviruses have a termination codon to control the production 
of the two polyproteins, but mutagenesis of the opal codon in SINV adversely affects 
replication.!“* Processing of the polyproteins occurs through the action of a virus-encoded 
protease located within the nonstructural protein 2 (nsP2).°”°”°8 The processing of the 
polyprotein to generate precursor and end product nsPs is believed to regulate the synthesis 


of viral RNAs.**!°6240 Translation of the structural polyprotein proceeds through a 
subgenomic mRNA that is initiated near the coding region for the C-terminus of P1234. The 
subgenomic mRNA is 3’ coterminal with the genome RNA and is produced later in the 


infection.2°2 


Initial studies of the replication proteins used temperature-sensitive mutants that were 
conditional lethal for viral replication. These studies established complementation groups and 
identified specific functions of the replication proteins.*°* Four complementation groups 
were identified, and these correlated with the four nsPs. Once sequence information was 
available, motifs were identified that verified function and permitted phylogenetic 
relationships between other virus families to be established. This resulted in the suggestion of 
an alphavirus-like superfamily that contained RNA virus members from several plant 


families and argued for an evolutionary relationship between them.*:7°’ 

The nsPs are multifunctional proteins with some of their activities shown in Table 5.1. 
However, it is likely that additional unknown activities exist. Guanine-7-methyltransferase 
and guanylyltransferase activities necessary for mRNA and genome RNA capping have been 
shown to reside within nsP1.'*°'74!72 This capping activity is distinct from cellular capping 
enzymes in substrate preference.° Several genetic studies have confirmed the identity of 
amino acids critical for the methyltransferase function, but the domain required for 
guanylyltransferase activity has not be identified and may flank the conserved 
methyltransferase domain.®?*! A ts mutant that mapped to Ala348 of nsP1 in SINV 
demonstrated a role of the protein in minus-strand RNA synthesis.®* A defect in minus-strand 
synthesis has also been seen with mutations in nsP4, and some of these have been 
complemented with changes in nsP1 at residues 349 and 374, suggesting sites for nsP1 and 
nsP4 interaction.** nsP1 is the only alphavirus nonstructural protein that has been shown to 
be membrane associated.'*”*°* The membrane association has been suggested to occur by a 
palmitoylated cysteine at residue 420 (in SINV).”!*° Mutations that disrupt palmitoylation 
did not alter the distribution of replication complexes and show only modest reductions in 
growth. However, nsP1 can still bind to membranes through a patch of positively charged 
and hydrophobic amino acids between residues 245 and 264.° Nuclear magnetic resonance 
spectroscopy of a corresponding peptide suggests that this sequence can form an amphipathic 
a-helix that can interact with liposomes.!*® This membrane anchoring of the replication 
complex associated with nsP1 is probably required for efficient replicase activity. 


TABLE 5.1 Translation products of alphaviruses (sindbis virus) 


_ Nonstructural proteins 


~nsP1 


nsP2 


nsP3 


nsP4 


_ Structural proteins 


Capsid 


E3 


EZ 


Pel 


540 


807 


556 


610 


264 


64 
423 


55 


70 


439 


Methyltransferase and guanylyltransferase; 
anchors replicase complex to membranes 


NTPase, helicase, RNA triphosphatase, 
protease responsible for processing of 
nonstructural polyprotein 


Phosphoprotein important for initiation 

of RNA synthesis; contains macro domain 
and SH3-binding regions with ADP-ribosyl— 
binding/hydrolase activities, zinc-binding 
oligomerization domain 


RNA-dependent RNA polymerase (RdRp), 
terminal transferase 


Encapsidates genomic RNA to form 
nucleocapsid core; carboxyl domain is an 
autocatalytic serine protease 


N-terminal domain is uncleaved leader 
peptide for E2; E3+E2 = pE2 


Presents the major neutralizing epitopes 
and is responsible for receptor binding 


Leader peptide for E1, enhances particle 
release, putative ion channel 


TransFrame protein, putative ion channel, 
enhances particle infectivity, expression 
prevents synthesis of E1 


Responsible for membrane fusion activity 


The largest of the replication proteins is nsP2, with a length of about 800 amino acids. The 
N-terminal half of the protein has helicase, nucleoside triphosphatase, and RNA 
triphosphatase activities,”°’”*!” while the C-terminal half contains a novel cysteine protease 
domain and a nonfunctional methyltransferase domain.*°**’* The structure for the C-terminal 
two domains of the VEEV nsP2 was solved by Watowich and colleagues using x-ray 
crystallography (Fig. 5.10).278 The structure shows that the active site of the protease is 
positioned close to the interface between the two domains. Although related to proteases 
papain and cathepsin X, the fold of the nsP2 protease domain appears to be unique and a new 
form of cysteine protease structure. Although having a similar tertiary structure with known 
methyltransferases such as FtsJ, the SAM substrate binding site is very different in backbone 
alignment and sequence, arguing against any methyltransferase activity. However, by 
mapping several previously identified ts mutants affected in RNA synthesis onto the C- 
terminal domain, it was suggested that the domain functions as an RNA-binding scaffold that 
regulates protease activity and RNA synthesis.**”*78 The structure of the N-terminal helicase 
domain from CHIKV has been solved by Law and colleagues and reveals a unique fold for 
its N-terminal region followed by a superfamily 1 RNA helicase domain.'*! 


FIGURE 5.10 Structure 


protease. A ribbon diagram showing the protease colored from blue (N-terminus) 
through red (C-terminus) representing residues N468 to S787. The catalytic dyad 
residues, C477 and H546, are found in the N-terminal protease domain (top), 
while the methyltransferase-like domain (bottom) constitutes the C-terminal 
domain. (This figure was generated in PyMol using the PDB coordinates 2HWK 


from Russo and colleagues?28 and was kindly provided courtesy of Dr. Joyce 
Jose.) 


The nsP2 protein has a nuclear localization sequence that results in 50% of the protein 
reaching the nucleus,*!°7!” and it has been reported that nsP2 of VEEV undergoes both 
nuclear import as well as export.'”° Abrogation of the signal results in a slightly defective 
virus, but at least in SFV, the mutant has lost neuropathogenesis, arguing for a role of nsP2 in 
host interactions.!© Studies have identified a role for nsP2 from the Old World alphaviruses 
in the induction of cytopathic effects and the establishment of persistent infections, and this is 
discussed later in the chapter.*%°* Experiments have also provided a link between nsP2 and 
the host response, resulting in shutoff of minus-strand RNA synthesis.®°°? Genetic studies 
identified conditional lethal mutations demonstrating RNA-defective phenotypes that 
implicated nsP2 in the regulation of minus-strand synthesis and in the initiation of 
subgenomic RNA synthesis.®* Furthermore, the role of the protease activity to regulate the 
temporal control of RNA synthesis has been well established and is described later.°41°° 


The function of the nsP3 protein remains obscure, although genetic analyses indicate that 
it plays a role in RNA synthesis and neurovirulence.*!°°7°78” The protein is highly 
conserved among alphaviruses at its N-terminus, while the C-terminal 200 amino acids are 
rich in serine and threonine residues. The protein is phosphorylated on serines and threonine, 
although this modification is not required for replication and its function in the virus life 
cycle is not known.!29:130143,203,274,275 The protein has a weak affinity for membranes and 
will associate with them when expressed in the absence of the other nsPs.*”* A crystal 
structure of both the CHIKV and VEEV N-terminal 160 residues of nsP3 confirmed previous 
suggestions that this region contains a macro domain (the VEEV structure is shown in Fig. 
5.11).198:2°9 These domains function as ADP-ribose binding modules and have also been 
shown capable of single-strand RNA binding.* The exact function(s) of the macro domain 
awaits additional studies. While the C-terminal end of nsP3 is not well conserved, a proline- 
rich sequence found in most alphaviruses was identified as a target site for Src-homology 3 
domain containing proteins amphiphysin-1 and amphiphysin-2.'*° Disruption of the binding 
sequence by mutation or reduction of amphiphysin-2 by RNAi reduced replication in both 
SINV and SFV. It is unclear how this interaction influences RNA replication; however, the 
amphiphysins have been implicated as membrane-binding proteins, endocytosis, and 
membrane trafficking, and the virus may usurp these functions to facilitate RNA synthesis. 
Furthermore, the C-terminus of nsP3 has been shown to bind to FXR and G3BP that help 


iS 


facilitate formation of viral replication complexes. ! 


FIGURE 5.11 Structure of the Venezuelan equine encephalitis virus nsP3 macro 
domain. A ribbon diagram showing the nsP3 macro domain colored from blue 


(N-terminus) through red (C-terminus) representing residues Al to E160. The 
structure consists of a six-stranded B-sheet ringed by three a-helices. (This figure 
was generated in PyMol using the PDB coordinates 3GQE from Malet and 


colleagues ’© and was kindly provided courtesy of Dr. Joyce Jose.) 


The core of the virus replication complex is the RNA-dependent RNA polymerase (RdRp) 
that maps to nsP4.°*1"9 Interestingly, because of the opal codon in SINV, synthesis of P123 is 
significantly greater than the level of P1234, and thus, nsP4 levels are lower than that of the 
other nsPs. Furthermore, modifications that increase the synthesis of nsP4, such as the 
removal of the opal termination codon, result in reduced virus replication.'4+ The majority of 
the protein from the C-terminus constitutes the RdRp domain based on homology with other 
polymerases and predicted secondary structures.'°’ A short region exists at the N-terminus 
that lacks a counterpart in other viral polymerases, and it has been suggested that it might be 
a binding domain for the other nsPs. The N-terminus of nsP4 also contains a conserved 
tyrosine residue, and this serves to make the protein unstable in infected cells.2°*4! de Groot 
et al.2° examined the degradation of nsP4 and showed that it was degraded by the N-end rule 
pathway. It has been suggested that free nsP4 is rapidly degraded, whereas nsP4 that is a 
component of replicase complexes is protected and relatively stable. Thus, it was not a 
surprise that attempts to express the full-length nsP4 in heterologous systems were initially 
unsuccessful. However, expression of nsP4 lacking the first 97 amino acids was successful, 
and this truncated nsP4 displayed a terminal adenylyltransferase activity.*°° This terminal 
transferase activity was suggested to play a role in the maintenance of the poly (A) tract at 
the 3’ end of positive strand RNAs. The nsP4 protein was subsequently expressed as an N- 
terminal SUMO fusion protein that was cleaved after purification, and nsP4 was shown to 
possess de novo minus-strand synthesis activity that was dependent on the correct 3’ end of 
positive strand template.**? Proteomic studies have been used to identify host proteins that 
might interact with nsP4 during virus infection.°** In this study, the authors demonstrated a 
total of 29 host proteins were associated with nsP4 in a temporally regulated pattern. Among 
the proteins identified, two proteins known as GTPase-activating protein SH3-domain— 
binding proteins 1 and 2 (G3BP1 and G3BP2) were also shown to interact with nsP2 and 
nsP3.°* However, the role of these proteins is unclear, and they may function to reduce the 
pool of RNAs available for translation by recruiting the viral RNA to the stress granule 
pathway. 


Transcription and Replication of Genomic Nucleic Acid 


Alphavirus-infected cells produce three species of RNAs: genome plus-strand RNA, 
complementary minus-strand RNA, and subgenomic mRNA. The synthesis of these three 
species is tightly regulated by the availability of specific nsPs (Fig. 5.12).°4+194196 
Replication is initiated on the cytoplasmic surface of endosomes and lysosomes on structures 


termed cytopathic vacuoles.®! All four nsPs can be found associated with each other and 
within these vacuoles.!*° In elegant studies by DeGroot et al.,°* it was shown that proteolytic 
site selection controlled the processing of the nsPs and determined the components of the 
replicase complex. This was accomplished by assessing cleavage site preferences and 
determining which enzymes (nsP2 or its precursors) could affect processing. Additional 
studies by the Sawicki laboratory using temperature-sensitive mutants established the 
biochemical nature of the replicase complex.!>7°*4 In complementary work, the Rice 
laboratory carried out in vivo replication studies using nsPs expressed in a vaccinia vector to 
discern the functional complexes.!**-!°° Despite earlier problems, they were successful in 
developing a system for template-dependent initiation of SINV.!°? 
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FIGURE 5.12 The conserved sequence elements (CSE) and nonstructural 
proteins involved in alphavirus genome replication. A: A schematic of minus- 
strand synthesis from a plus-strand template. A protein complex composed of 
P123 and nsP4, and presumably host proteins (not shown) initiate synthesis of 
the minus strand from the 3’ end of the genome. CSE4, a 19nt element, is found 
just upstream of the poly (A) tract. CSE4 is thought to act as a promoter for 
minus-strand synthesis, perhaps via a cyclization event with CSE2, a 5int 
element located within the nsP1 coding region (not shown). B: A schematic of 
full-length 49S genomic and 26S subgenomic RNA syntheses from a minus- 
strand template. An accumulation of P123 allows processing of P123 
polyproteins in trans into the individual nonstructural proteins. Presumably, the 
altered conformation of the replicase complex shifts template preference to the 


minus strand. CSE1, composed of the first 44nt of the 5’ genome, act as a 
promoter for synthesis of full-length 49S genomic RNA from a minus-strand 
template, perhaps in conjunction with CSE2. Fully processed replicase 
complexes also associate on the CSE3 element, which spans the 3’ end of the 
nsP4 coding sequence and the junction region between the nonstructural and 
structural genes. These CSE3-associated replicase complexes efficiently 
transcribe the 26S subgenomic message. Note that a replicase complex 
composed of nsP1, P23, and nsp4 may also be capable of plus-strand synthesis 
(not shown). (This figure was kindly provided courtesy of Jonathan Snyder.) 


RNA replication begins with the initiation of minus-strand synthesis. This event requires the 
3’ CSE and host proteins/factors.°°”°!** In vitro studies using polymerase extracts suggest 
the poly (A) tract may not serve as template for the initiation of minus-strand synthesis, 
although the details of this initiation event are not known.®° Minus-strand synthesis requires 
P123 or P23 and nsP4, but a cleavage-defective P1234 is not functional.!*4-!°° Similarly, in 
the vaccinia system, expression of the individual nsPs was not sufficient for complex 
formation and minus-strand synthesis. As minus-strand synthesis continues, nsPs continue to 
be translated, and concentrations of the protease precursors increase. Cleavage at the nsP1— 
nsP2 and nsP2-nsP3 junctions results in the switch over to plus-strand synthesis presumably 
by a change in the conformation and composition of the replicase complex (Fig. 5.12). 
Synthesis of minus strands by the replicase requires continuous protein synthesis, and it has 
been suggested that nsP2 engages the host response by using the RNase L—dependent 
pathway to inhibit host cell translation.” As with most plus-strand RNA viruses, synthesis 
is asymmetric with minus-strand synthesis about 2% to 5% the level of plus-strand genome 
RNA.?°6 


Although the viral protein composition of the minus and plus-strand replicases is known, 
the role of host proteins in the complex is not. From studies with the CSEs, host cell— 
dependent effects were observed, and several host proteins were shown to bind to the 
conserved RNA elements.°°!92-!9° Furthermore, Fayzulin and Frolov*’ showed that although 
the 51 nt CSE is dispensable in mammalian cells, in mosquito cells mutations have a 
deleterious effect. Interestingly, adaptive mutations occur in the 5’ NTR, as well as in nsP2 
and nsP3, suggesting their involvement in CSE function. Frolov et al.,°° using chimeric 
templates and trans-competition experiments, showed that the 5’ NTR is a component of the 
promoter for not only plus-strand synthesis but also minus-strand synthesis. From these data, 
they proposed a model for the initiation of minus-strand RNA synthesis that requires the 5’ 
and 3’ ends of the genome RNA to be brought together. This would be accomplished using 
components of the host translational machinery, which is involved in cap and poly (A) 
binding. Despite the attractiveness of the model, the lack of a purified reconstituted system 
for RNA synthesis has hampered progress in understanding alphavirus RNA replication. 


The synthesis of the subgenomic mRNA is controlled by a minimal promoter element 
that spans from —19 to +5 relative to the start of mRNA synthesis. A larger fragment from 
—98 to +14 provides three- to sixfold more activity and constitutes the fully active promoter. 
As with the 5’ and 3’ CSEs, the subgenomic promoter appears to interact with host factors as 
mutations in the promoter have differential effects, depending on replication in vertebrate 
versus invertebrate hosts.9°°9°° This promoter has been extensively employed in gene 
expression and replicon studies using alphaviruses, including the use of multiple tandem 
promoters.22°7°9 


Perhaps the most informative studies on alphavirus replication in recent years have 
emerged using advanced imaging techniques.?>10°193,164.5!1 These approaches have shed 
light on the spatial and temporal assembly of replication complexes. Most intriguing is the 
observation that membrane-derived structures competent for RNA synthesis appear to form 
initially at the plasma membrane (Fig. 5.13). Studies from both SFV and SINV demonstrate 
the membrane invaginations referred to as spherules first accumulate on the plasma 
membrane and are later internalized using the actin-myosin network.© These structures 
appear to contain all of the nonstructural proteins as well as double-stranded RNA but are 
devoid of any structural proteins. Structures known as cytopathic vacuoles type 1 and type 2 
(CPV1 and CPV2) were previously described to contain the replication proteins and viral 
glycoproteins, respectively. The role of CPV2 appears to guide the glycoproteins to the site 
of budding; however, the role of CPV1 for RNA synthesis is not as clear. CPV1 structures 
form later in RNA replication, probably as a result of spherule recruitment from the plasma 
membrane, but it has been suggested that they may not be the major site for viral RNA 
synthesis at least in mammalian cells. 
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FIGURE 5.13 Assembly of alphavirus replication complexes. A: Replication 
complexes consisting of P123 and genome RNA are found at the plasma 
membrane; (B) with the addition of nsP4, the RdRp, synthesis of dsRNA occurs 
(C) along with the formation of membrane spherules. Upon processing of P123 


(D), replication complexes switch to the synthesis of genomic and subgenomic 
RNA. As replication continues (E and F), free nsP1, nsP2, and nsP3 are found, 
with the latter protein associating with specific host proteins and nsP1 remaining 
membrane associated. At latter stages, multiple spherules coalesce into CPV1 
within the cytoplasm. (This figure was adapted by Thomas Edwards and R.J.K. 
with permission from Drs. Elena Frolova and Ilya Frolov. From Frolova EI, 
Gorchakov R, Pereboeva L, Atasheva S, Frolov I. Functional Sindbis virus 
replicative complexes are formed at the plasma membrane. J Virol 
2010;84(22):11679-11695. doi: 10.1128/JVI.01441-10. Reprinted with 
permission from American Society for Microbiology.) 


Assembly of Nucleocapsid Core, Glycoprotein Synthesis, and 
Processing 


The subgenomic RNA, which is made at approximately three times the level of the genomic 
RNA, is translated to produce the structural or virion proteins.*!° The order of translation is 
capsid-PE2(E3+E2)-6K-E1 (Fig. 5.6). Translation of the structural polyprotein is enhanced 
due to the presence of a hairpin secondary structure in the subgenomic mRNA between 
residues 77 and 139.°° The polyprotein is processed by host and viral proteases to generate 
the authentic structural proteins that will end up in the virion, and the membrane topology of 
the glycoproteins is shown in Figure 5.12. The capsid protein is translated first and is 
released by proteolysis immediately after the ribosome clears the junction between it and 
PE2. The capsid functions as an autoprotease, and sequence and mutational analyses 
suggested that the C-terminal domain of the capsid contained a serine-like protease.‘”*° This 
hypothesis was confirmed by the x-ray crystal structure of the C-terminal domain from 
SINV.°° The protein has a chymotrypsin-like fold, with His141, Asp163, and Ser215 forming 
the catalytic triad. Interestingly, the C-terminal residue, Trp264, remains in the active site 
pocket and presumably prevents transcleavage by the protease. With the self-cleavage of the 
capsid protein, the new N-terminus of the polyprotein now contains a signal sequence for 
translocation of the PE2 sequence across the ER membrane.°” Additional signal sequences 
are present at the C-terminus of E2, permitting translocation of 6K, and at the C-terminus of 
6K, permitting translocation of E1 (Fig. 5.14). The expression of TF protein, which contains 
the first 43 amino acids of 6K, contains a stop codon that prevents the synthesis of E1. 
Proteins E1, E2, 6K, and TF are transmembrane proteins, while E3 is released from most 
alphavirus particles following cleavage of its PE2 precursor.?~*%.299.26 SFV retains the 
cleaved E3 with the virion; however, it is unclear whether it has a postcleavage function.?!* 
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FIGURE 5.14 Schematic model for the configuration of the El and E2 
glycoproteins in the membrane. Left:Configuration of the glycoproteins after 
signalase cleavage of 6K and El but before cleavage of PE2. 
Right:Configuration of glycoproteins after the maturation cleavage of PE2 into 
E3 and E2. Note the dark red jagged lines on the cytoplasmic side of E2 and 6K 
that represent palmitoylation sites (PAL). Glycosylation sites are indicated by 
CHO. Signal sequences are indicated as colored rectangular blocks. Stop-transfer 
sequences are indicated as colored cylinders. The shape of the polypeptides does 
not imply their native configuration. (This figure was kindly provided courtesy 
of Dr. Joyce Jose.) 


Following autoproteolysis, the capsid protein transiently associates with the ribosome, and 
assembly into a core particle appears to be both rapid and efficient, with no observed 
intermediates.**97”° A specific “packaging sequence” has been identified in the genome 
RNA in SINV that promotes encapsidation of RNA into the assembling core.*?° In SINV, this 
sequence has been identified as nucleotides 945 to 1,076, and attempts to identify the nature 
of the recognition element have met with limited success. However, there is conservation of 
structural and functional components of packaging signal across diverse alphaviruses.'!4 The 
packaging sequence on the genome RNA is recognized by residues 81 to 113 in the capsid 
protein.©? 789 A deletion of residues 97 to 106 results in a failure to efficiently package 
genome RNA, although cores still form with heterologous RNA incorporated.!?! Although 
most alphaviruses package their genomes with high efficiency, Aura virus has been described 
as an alphavirus that packages its subgenomic mRNA as well.2**72° The development of 


alphaviruses as gene expression vectors has prompted much investigation into the packaging 
requirements, and in VEEV, packaging has been shown to require expression of nsP123, 
although the mechanism and the generality of this requirement have not been shown.*’° 


Although in vitro systems for core assembly have been described, the stepwise assembly 
process has not been clearly elaborated.2°-2°>*9!9* The capsid protein requires the addition 
of nucleic acid to initiate the assembly process, and in the presence of full-length wild-type 
protein, assembly proceeds rapidly. Using a truncated capsid protein, the initial step appears 
to involve a protein dimer complexed with RNA.*°*-*°° Cores are found in the cytoplasm and 
attached to membranes, probably through their interaction with E2. Cytoplasmic cores have a 
well-defined size and T = 4 icosahedral symmetry, similar to in vitro assembled cores, but not 
identical to the well-ordered T = 4 symmetry in cores found within virus particles.!7°197 
However, the symmetry of the core does not necessarily dictate the symmetry of the virion, 
and it is likely that the icosahedral architecture of the glycoprotein scaffold is the driving 
force behind the strict T = 4 organization of alphavirus.'°’ This is supported by the 
observation from Forsell et al.,-' who produced a SFV capsid protein with a deletion in 
residues 40 to 118. This mutant was unable to assemble cores, but virus particles were 
produced that had the expected T = 4 symmetry. 


In parallel with the formation of the nucleocapsid in the cytoplasm, the envelope proteins 


that were translocated into the ER are processed and undergo posttranslational modifications. 
High mannose chains are added to all potential N-linked glycosylation sites, and the 


oligosaccharide chains are trimmed depending on the availability of the site.**° 
Palmitoylation occurs at several sites in E2 and 6K/TF.!® In a set of elegant studies, Brown 
et al. showed that E1 and PE2 undergo a complex series of folding intermediates.2?-118-178.179 
These intermediates require chaperones and disulfide bond formation and exchange. The E1 
and E2 glycoproteins form a heterodimer in the ER, but it is not known whether higher-order 
oligomerization takes place here.*!* Oligomerization of PE2 and E1 is also a requirement for 
the transport of the glycoproteins, but the presence of the CP is not required.°*!°4 It has been 
shown that PE2 oligomerizes with a partially folded intermediate of E1 and that this 
oligomerization is sufficient for the proteins to exit the ER. After the heterodimer reaches the 
trans-Golgi network, but prior to arrival at the plasma membrane, PE2 is cleaved by furin.*° 
This cleavage is required for virion entry and fusion activation in new cells, although 
revertants can be readily isolated that suppress the requirement for cleavage.?**°" The E3 
protein can be retained on the virion postrelease depending upon the pH of the media.**° 


Virion Budding 


The final stage of the virus life cycle is the effective interaction between the capsid protein 
and the glycoproteins to promote virus budding. Thin-section electron microscopy of infected 
cells has shown a clustering of nucleocapsid cores at the plasma membrane at sites of 
budding, but it is likely that the interaction occurs earlier, perhaps in the vicinity of CPV2.°! 
All evidence suggests that a proper interaction between the cores and glycoprotein spikes is 


required for budding.!°°!°4 When the glycoproteins have been expressed in the absence of 
the capsid protein, virus-like particles have not been observed. In SFV, virions have been 
shown to bud from specific sites in polarized cells,*!° and virus has been reported to bud 
intracellularly in insect cells.!’? There also appears to be a requirement for cholesterol in the 
membrane to support budding,'°°!°! and host cell lipid metabolism has also been 
implicated.!®* Several systems have been reported that show the exogenously produced 
capsid cores can be introduced into naive cells expressing the viral glycoproteins and 
particles can be released, suggesting that RNA synthesis is not required for budding.**® 


The interaction between the capsid protein and the envelope glycoproteins has been 
extensively investigated with most of the available data coming from molecular genetic and 
structural studies.*°* X-ray crystallography of the capsid protein identified a hydrophobic 
pocket that was occupied by the amino terminal arm of a neighboring capsid protein. The 
nature of the arm residues bound in the hydrophobic pocket suggested that a tyr-ala-leu motif 
found in the cytoplasmic domain of the E2 glycoprotein might function in a similar manner 
and bind into the capsid protein pocket.!°*.7*© Residues of the E2 cytoplasmic domain were 
shown to be important for the interaction with the tyrosine found in the hydrophobic pocket 
of the capsid protein, which is conserved in the alphaviruses.!0-192,261,262.510 £2 peptides 
have also been used to inhibit budding, suggesting residues involved in process and similar 
peptides were shown to bind to capsids.‘ In addition, cryo-EM studies have shown that the 
cytoplasmic domain of E2 clearly extends down into the core to the site of the hydrophobic 
pocket.*”*°* As was mentioned previously, deletions that disrupt the accumulation of 
nucleocapsid cores do not prevent budding because lateral interaction between the 
glycoproteins appear to be the driving force as long as capsid interactions do occur.*” 


The 6K protein, which has been estimated at 5 to 10 molecules per virion, has been 
implicated in the budding process and in the formation of virions.°*°* Removal of 6K from 
the genome of SFV did not influence the formation of the E1—E2 heterodimer or its transport 
to the cell surface, but it did reduce budding.®** Other studies have shown that mutations in 
6K can influence glycoprotein trafficking and virion assembly.*?! E2 and 6K appear to 
interact as mutations in 6K can be suppressed by mutations in E2, and chimeric viruses 
containing a SINV glycoprotein and a RRV 6K are highly defective for virus formation.°”° 
Recently, it has been shown that a frame shift occurs at a low frequency during translation of 
the region encoding 6K resulting in the production of the TF protein shown in Figure 5.15. 
The TF protein shares 47 amino acids with 6K and contains the transmembrane domain that 
has been implicated in channel formation. The remaining 23 residues are unique to TF, and 
end in a termination codon with no E1 is produced from this polyprotein. Preliminary data 
suggest that TF also has a role in virus replication and is incorporated into the virion, but 
whether its function(s) overlaps with 6K is not yet known. 


SINV CUGCCUGCCUUUUUUAGUGGUUGCC 
WEEV CUGCAUGCCUUUUUUAUUGGUUGCA 
KEEV UGGGCCGGCUUUUUUVACUUGUCUGC 
CHIKV AACGUUGGCUUUUUUAGCCGUAAUG 
RRV GCCAUUUUCUUUUUUAGUGUUACUG 
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FIGURE 5.15 Ribosomal frame shifting during translation of the 26S 
subgenomic RNA yields a newly described protein, TF. A: Sequence alignment 
of various alphaviruses demonstrates the conservation of a putative slippery site 
motif within the 6K gene (underlined for SINV). The coordinate of the first 
nucleotide of the slippery site is indicated in parentheses for each virus. B: The 


typical protein products obtained from normal translation of the 26S subgenomic 
RNA (top) and the protein products obtained in the case of a frame shift event 
(bottom). Note that the amino terminal region of the 6K and TF proteins shares 
the same sequence. C: A model of the putative membrane topology of the mature 
6K and TF proteins. The N- and C-termini are denoted. 6K (left) contains both a 
transmembrane anchor (cylindrical) and a membrane spanning region that acts as 
the signal sequence for E1 (rectangular). TF contains only the transmembrane 
anchor (cylindrical); the frameshift event prevents production of the E1 signal 
sequence. (This figure was kindly provided courtesy of Jonathan Snyder.) 


Effects on the Host Cell 


Alphaviruses have a wide host range and must interact with a variety of cellular receptors, 
either ubiquitous or unrelated molecules. Because the nature of these receptors is largely 
unknown, equally unknown is the signaling that such molecules might engage in following 
virion attachment and early steps in entry. Clearly, the response of most vertebrate cells to 
viral infection is distinct from the response of invertebrate cells. However, in both cases, 
there appears to be a balance between the needs of the virus to effectively propagate and the 
needs of the host to control virus infection and dissemination. Host macromolecular synthesis 
is inhibited in vertebrate cells shortly after infection. Host protein synthesis is shut off at 3 
hours after infection, although virus protein translation continues unabated. This has been an 
intensive area of investigation, and four mechanisms for shutoff have been proposed: (a) an 
altered intracellular environment such as K* concentration that would favor viral translation, 
(b) direct competition for translational machinery, (c) inhibition of cellular translation by the 
capsid protein, and (d) inhibition of translation by one of the nonstructural proteins. The 
development and use of replicon systems that contain only the cis-acting replication signals 
and the coding region for replication proteins suggested that the structural proteins were not 
responsible for translational shutoff.°® Furthermore, studies investigating the establishment of 
persistence identified changes in SINV nsP2, at Pro726 to serine, which reduced cytopathic 
effects of the virus.°* A variety of studies suggest that alphavirus infection promotes the 
double-stranded RNA-activated protein kinase (PKR)—dependent and PKR-independent 
pathways to reduce host cell translation.**? Mutations in nsP2 suggest that the shutoff of host 
cell transcription and translation are distinct events and strongly influence the decreased 
production of a a/B interferon.’ However, the role of nsP2 in host cell shutoff appears to 
function only in the Old World alphaviruses. It has been shown that in VEEV and other New 
World alphaviruses that a region of the capsid protein encompassing residues 33 to 68 and 
not nsP2 is responsible for transcriptional shutoff and cytopathogenicity.°° This region of the 
VEEV capsid protein has also been shown to be responsible for nuclear trafficking of the 
protein to the nucleus.!*13-11% 


Most infections by alphaviruses of vertebrate cells in culture lead to the induction of 


apoptosis.'°9 Apoptosis of infected neurons is a major determinant of neurovirulence, as 
demonstrated for SINV.'°® In contrast, mosquito cells can undergo a variety of effects from 
persistent infections to cell death caused by necrosis.!?° It has also been possible to establish 
persistent infection of vertebrate cells using DI particles, followed by genetic changes to the 
helper virus in nsP2.°°An alternative method was used by selecting for replicons that were 
noncytopathic to BHK cells, and again, amino acid substitutions were detected in the coding 
region for nsP2,°* suggesting a major role for this protein in modulating the virus—host 
interaction. 


A number of antiviral proteins produced in infected cells have been described for the 
alphaviruses. A small hydrophobic peptide of 3,200 Da was shown to be produced in 
persistently infected mosquito cells, and this peptide could activate an antiviral state. This 
peptide induced the synthesis of a 55-kDa protein and inhibited the replication of alphavirus 
RNA. The rat zinc-finger antiviral protein (ZAP), originally identified as a retrovirus 
resistance protein, was shown to inhibit multiple alphaviruses.'’ This protein inhibited viral 
translation by binding to viral mRNA, although its exact mechanism of action is not 
known.®° It is likely that many additional proteins, such as interferon-stimulated genes, will 
demonstrate direct antiviral activity and might be exploited to control alphavirus infection. 


Defective Interfering Genomes and Replicon Systems 


Defective interfering genomes replicate and are packaged in the presence of helper virus and 
retain all cis-acting sequences necessary for RNA replication. Several alphavirus DI genomes 
have been molecularly characterized, and all retain the 3’ CSE that was previously described. 
The 5’ end of the DI genomes was found to be more heterogenous, with the 5’ CSE, cellular 
tRNA sequences, or the 5’ 142 nucleotides from the subgenomic mRNA located at the 5’ end 
of the DI RNA. The study of DI genomes provided a powerful genetic tool to identify the 
location and function of required cis-acting sequence elements.‘*! The development of DI 
genomes for genetic purposes gave way to the construction of replicons, which supported 
RNA replication but were incapable of infection of new cells because they lacked the 
structural proteins.'4°°°* The structural proteins could be supplied by additional helper 
RNAs so that the replicons could be packaged and used to efficiently infect target cells.*° 


The alphavirus replicon has become a standard gene expression system. The system has 
proven useful for examining protein expression in heterogenous systems and the 
development of vaccines.**° SINV, SFV, and VEEV replicons have been widely used and can 
allow for targeting to specific cells.'4” By introducing a mutation in nsP2 that renders the 
replicon noncytopathic, continuous replication in the absence of cell death can occur for 
SINV. For VEEV, mutations in the 5’ NTR and nsP3 were also required for persistent 
infection by the replicon.*°* Multiple subgenomic promoters can be employed for the 
expression of several proteins of interest in a regulated fashion. To further reduce the chance 
of recombination between replicon and helper RNAs to generate an infectious genome, 
tricomponent replicon systems have been developed that can produce at least 1,000 packaged 


replicons per cell.“ 


RUBIVIRUS REPLICATION 


Virion Structure and Entry 


Although once considered a close cousin of the alphaviruses, molecular analyses of rubella 
virus have revealed significant differences.°* Whereas rubella virions are similar to 
alphaviruses in protein composition and morphology, the particles have yet to yield to high- 
resolution structural analysis, and it is unlikely that the particles share the property of 
icosahedral symmetry with the alphaviruses. The rubella virion is composed of three 
structural proteins that share the same name as alphaviruses yet differ in amino acid 
sequence.*® The virions are pleomorphic in shape and are around 60 to 70 nm in 
diameter.'®!°° The two type I envelope glycoproteins, E1 and E2, form heterodimers and 
have 13 and 7 amino acids on their inner cytoplasmic face. All three structural proteins are 
membrane associated with the C-terminus of the capsid containing the signal sequence for 
E2,1°8-190 The structural proteins are cleaved by signal peptidase, with the signal sequence 
for E1 present at the C-terminus of E2.!°°!°! The capsid protein is a phosphoprotein of 293 
or 300 amino acids, depending on which AUG codon is used to initiate the polyprotein.*” 


Rubella virus is restricted to growth in humans and is not transmitted by insects, as are 
the alphaviruses. However, the virus can replicate in a wide range of mammalian cell types 
and can infect experimental animals producing subclinical results. Thus, like alphaviruses, a 
ubiquitous cellular receptor may function in entry, although none has yet been identified. The 
virus also appears to enter through a receptor-mediated endocytosis pathway with membrane 


fusion promoted by an acidified endosome,!°? and a class II fusion mechanism is expected. 


‘Transcription, Translation, and Genome Replication 


The placement of rubella virus in the family Togaviridae implies a common genome structure 
and replication strategy. Complete nucleotide sequences are available for several strains of 
rubella virus.°*7!° The 9,762 nucleotide genome RNA contains a 5’ terminal 7- 
methylguanosine and a 3’ terminus that is polyadenylated.'°°784 The genomes of rubiviruses 
and alphaviruses are compared in Figure 5.6. The replication proteins P150 and P90 are 
encoded by the genome RNA, whereas the structural proteins are derived from the 
subgenomic mRNA. Although there is no amino acid sequence homology among the 
structural proteins, limited homologies do exist within the replication proteins. The 
construction of a rubella virus cDNA clone from which infectious RNA could be generated 
permitted molecular genetic studies on the virus that were, up until then, quite limited.*!!78* 


Three species of RNA are synthesized in infected cells: complementary minus-strand 
RNA, genome RNA, and subgenomic mRNA. On infection, the genome RNA is translated 


into a 200-kDa polyprotein that is cleaved by a virus-encoded protease.*? Unlike its 
alphavirus counterpart, the rubella enzyme is a metalloprotease that contains zinc-binding 
domains, and it cleaves P200 in trans. Virus replication complexes can be found in 
association with cellular membranes. Virus-specific vacuoles have been identified and 
colocalize with lysosomal markers, similar to those found for alphaviruses.'** There is a 
close association between these replication complexes, identified with antibodies to P150, 
and ER and Golgi membranes, presumably to facilitate translation and packaging of genome 
RNAs.7/® 

Attempts to identify cellular proteins that might participate in RNA replication have 


focused on proteins that bind to the 5’ and 3’ NTRs. A 5’ stem-loop structure predicted to 
form on the plus-strand RNA was shown to bind to the La autoantigen. Several cellular 


proteins were shown to bind to the 3’ NTR.'®°.'®! One of these proteins was identified as 
calreticulin, although decreased binding of calreticulin did not correlate with reduced virus 


replication.*** The nonstructural protein P90 has been shown to bind to the retinoblastoma 
protein Rb through an Rb-binding motif.!* Mutation of this motif reduces virus replication, 
but it is unclear whether the defect is related to a reduction in binding.” 


The capsid protein has also been implicated in RNA replication. It has been shown to 
complement a replication defect resulting from a deletion of 169 amino acids from P150.7° 
Exactly how this might function is not known, but the amino terminal 88 residues of the 
capsid were sufficient for complementation, and these might function by binding to RNA. In 
addition, the capsid protein has been shown to influence the replication of rubella replicons,~° 
although once again the mechanism is not known. The capsid protein has also been shown to 
bind to mitochondrial matrix protein p32 and the proapoptotic protein Bax.'°° The function 
of capsid in binding these proteins is to prevent apoptosis and enhance RNA replication. 


Virus Assembly 


A packaging signal has been located between nucleotides 347 and 375 of the genome RNA, 
and it interacts with capsid residues 28 to 56. Phosphorylation of the capsid protein occurs 
and has been suggested to act as a regulatory mechanism to prevent binding of nonviral 
RNAs to the capsid.'°! With the retention of the capsid protein signal sequence at its C- 
terminus, the capsid remains associated with the ER membrane. This association may be 
important for ensuring close connectivity with the envelope glycoproteins through their 
transmembrane domains. Glycoproteins E1 and E2 are believed to have functions similar to 
their alphavirus counterparts, although rubella virions bud into the Golgi.!°* Indeed the 
crystal structure of rubella E1 protein revealed it to be a class II fusion protein with a metal 
binding site not seen in the alphavirus or flavivirus fusion proteins.*° Virions undergo a 
maturation step after Golgi budding that may release the capsid signal sequence because 
morphological changes occur in the core of the virion.*!® The structure of the mature rubella 
virions using electron tomography revealed a helical particle that lacks the icosahedral 
symmetry present in the alphaviruses.! 


PERSPECTIVES 


Our knowledge of togaviruses has grown dramatically thanks in large part to the ability to 
genetically manipulate these relatively “simple” plus-strand RNA viruses. Insights into 
alphaviruses have been obtained more quickly than for rubella virus due to their greater 
replication efficiency in cultured cells and their well-organized virions. Structural studies of 
the alphaviruses have progressed rapidly leveraging the icosahedral nature of the virus 
particles and the ability to obtain large quantities of homogeneous preparations. The ability to 
express capsid proteins in heterologous systems has facilitated both structural and 
biochemical studies of capsid structure and its assembly pathway. The structure 
determinations of the native and postfusion forms of the E1 protein have provided 
exceptional insights into the entry process and the structure of the virion. The atomic 
structure of the E1 and E2 heterodimer in both a low pH and neutral form has provided 
insight into the sequential entry process employed by these viruses. Structures of the 
replication proteins are coming slowly but beginning to provide greater insight into the 
replication process. 


Significant gaps still persist in understanding the replication process of the togaviruses. 
The ability to reconstitute purified and functional replication complexes will be an important 
milestone to decipher RNA replication. In contrast, significant progress has been made in 
understanding the cellular response to viral infection and the recruitment of cellular proteins 
to promote or inhibit the virus replication complex. Systems-level studies to evaluate the total 
cellular environment altered in virus infection are beginning to yield a comprehensive picture 
of how the virus perturbs and subjugates the cell. The use of advanced and real-time optical 
imaging as well as electron tomography promises to provide a temporal and spatial view of 
virus infection. However, most studies continue to rely on standard cell culture systems, and 
it will be important to verify what occurs in more natural target cells such as neurons. 


With the growing knowledge of togaviruses, their utility in gene expression and gene 
therapy continues to be exploited and expanded. Future directions that will further benefit 
this system will be in understanding the nature of the cellular receptors and the structure of 
the E2 protein that is involved in binding these receptors. With this knowledge, newly 
designed alphavirus vectors will be engineered to specifically and efficiently target the 
replicon to cells and tissues of interest. 
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INTRODUCTION 


The genus Alphavirus in the family Togaviridae includes 31 species that can be classified 
antigenically or genetically into at least 8 complexes (Table 6.1). Alphaviruses are 
geographically restricted in their distributions and have been found on all continents and on 
many islands, as well as in marine mammals. In nature, most alphaviruses are zoonotic 
arthropod-borne (arbo) viruses that cycle between invertebrate insect vectors and vertebrate 
hosts. For most alphaviruses, the vectors are mosquitoes, but other hematophagous 
arthropods, such as lice or mites, are vectors for a few. The vertebrate hosts are mostly wild 
mammals or birds, and birds, but fish are hosts for some aquatic alphaviruses. In general, the 
pathogenic alphaviruses are divided into the viruses that cause human disease characterized 
by rash and arthritis, primarily found originally in the Old World (OW), and viruses that 
cause encephalitis, primarily found in the New World (NW). For many alphaviruses, no 
human or veterinary disease has been recognized. Larger mammals, such as humans and 
horses, that tend to develop severe or fatal disease are often dead-end hosts unimportant to 
the enzootic/endemic virus transmission cycles, but can be important for sustaining 
epidemics. 


TABLE 6.1 Alphaviruses, abbreviations, biologic features, and association 


with disease 


Aura virus (AURAV) 
Barmah Forest virus (BFV) 
Bebaru virus (BEBV) 
Cabassou virus (CABV) 
Chikungunya virus (CHIKY) 


Eastern equine encephalitis 
virus (EEEV) 


Eilat virus (EILV) 


Everglades virus (EVEV) 


Fort Morgan virus (FMV) 
Getah virus (GETV) 
Highlands J virus (HJV) 


Madariaga virus (MADV) 


_ Mayaro virus (MAYV) 


Middelburg virus (MIDV) 


Mosso das Pedras virus 
/78V3531 (MDPV) 


Mucambo virus (MUCV) 
Ndumu virus (NDUV) 
O'nyong-nyong virus (ONNV) 
Pixuna virus (PIXV) 

Rio Negro virus/AG80 (RNY) 
Ross River virus (RRV) 


Salmonid alphavirus (SAV) 


Semliki Forest virus (SFV) 
Sindbis virus (SINV) 


Southern elephant seal virus 
(SESV) 


Tonate virus (TONY) 
Trocara virus (TROV) 
Una virus (UNAV) 


Venezuelan equine encephalitis 
virus (VEEY) 


Western equine encephalitis 


virus (WEEV) 


Whataroa virus (WHATV) 


EEE 


None 
described 


VEE 


WEE 


SF 


WEE 


EEE 


SF 
MID 
VEE 


VEE 


-NDU 


SF 
VEE 
VEE 
SF 


None 
described 


SF 


WEE 


None 
described 


VEE 
WEE 
SF 
VEE 


WEE 


WEE 


Unknown 
Birds 

Unknown 
Unknown 


Primates 


Birds, possibly 
reptiles 


None 


Mammals 
Birds 
Mammals 
Birds 


S. America, 
Caribbean 


Mammals 
Unknown 


Mammals 


Mammals 


Unknown 


Unknown 
Mammals 
Mammals 
Mammals 
Fish 


Unknown 
Birds 


Seals 


Birds 


Unknown 
Unknown 


Mammals 


Birds, mammals 


Birds 


S. America 


Australia 
Asia 


French Guiana 


Africa, SE Asia, 
Philippines, 
Indonesia 


S. Amer., Caribbean 
Israel, S. America 


Florida 
Colorado 
Asia 


N. America 


S. America 


S. America 


Africa 


S. Amer. 


S. Amer., Caribbean 
Africa 

East Africa 

Brazil 

Argentina 


Australia, S. Pacific 


| North Atlantic 


Africa 


Australia, Africa, N. 
Europe, Middle East 


Antarctica 


| S. Amer. 


S. Amer. 
S. Amer., Trinidad 
S. Amer., N. Amer. 


N. Amer., S. Amer. 


New Zealand, 
Australia 


Fever, encephalitis 


Fever 


Fever, encephalitis 


Fever, arthritis, rash 


Fever, arthritis, rash 


Horse, pheasant, 


emu, pigeon, turkey 


None (replication 
defective) 


Fever, encephalitis 


None (replication 
defective) 


Horse 


Horse, turkey, emu, 
pheasant, duck, 


crane 


Fever, encephalitis 


Fever, arthritis, rash 


Fever, arthritis, rash 


Fever, arthritis, rash 


Horse 


Trout, salmon 


Fever, arthritis, rash 


Fever, encephalitis 


Horse 


Horse 


Fever, encephalitis 


Fever, encephalitis 


All are also considered species by the International Committee on Taxonomy of Viruses. 


HISTORY 


Horse 


Horse, emu 


Records of diseases almost certainly due to alphaviruses date to the 18th and 19th centuries 
when epidemics of fatal encephalitis in horses in the northeastern United States (USA) and 
outbreaks of arthritis in Southeast Asia were recognized and recorded. The first clear report 
of epidemic encephalitis comes from the summer of 1831 when 75 horses died in 
Massachusetts.?”* Over the next 100 years, several local outbreaks of encephalitis in horses 
were noted along the Atlantic seaboard of the United States and in the pampas regions of 
South America.®?® However, the first alphavirus to be cultured was western equine 
encephalitis virus (WEEV). This virus was isolated in 1930 from the central nervous system 
(CNS) tissues of two horses involved in an epidemic of equine encephalitis in the San 
Joaquin Valley of California.®°? The eastern equine encephalitis virus (EEEV) was isolated 
from the brains of affected horses in New Jersey and Virginia in 1933.'°° Both diseases 
occurred in summertime epidemics, suggesting an arthropod vector, and in 1933, Kelser 
showed WEEV transmission by mosquitoes.*’® In 1936, an epizootic of equine encephalitis 
occurred in the Guajira region of Venezuela, and the virus isolated was not neutralized by 
antisera against EEEV or WEEV and was designated Venezuelan equine encephalitis virus 
(VEEV).°!? 


Summertime epidemics of polyarthritis were recognized in Australia and New Guinea in 
1928,°°.98 and subsequent outbreaks of polyarthritis were reported in Northern Europe, 
Africa, and Southeast Asia.®°° It is likely, of course, that the alphavirus-induced arthritic 
diseases are much older than these dates but were not clearly described or differentiated from 
more prevalent infections in these regions, such as dengue. This is considered to be 
particularly true of outbreaks of chikungunya virus (CHIKV) infection that have occurred in 
India and Southeast Asia over the last 200 years'4!9”! and probably also in the Americas.?” 
Viruses associated with epidemic polyarthritis were eventually isolated, both from 
mosquitoes collected in the areas of human disease and later from humans. The first of these 
viruses was isolated in 1952 from a pool of Culex spp. mosquitoes collected near Sindbis, 
Egypt.°°? However, it was many years before Sindbis virus (SINV) was linked to human 
disease.4 


The first clear association of an alphavirus with arthritic disease came in 1953 when 
CHIKV was isolated in present-day Tanzania from the blood of people with severe 
arthritis.°*° During the next several years, a number of viruses causing arthritis, often 
accompanied by a rash, were isolated in Africa, Australia, and South America.!°°®4108% 
These viruses were added to the growing list of arboviruses, defined by the World Health 
Organization in 1967 as “viruses which are maintained in nature principally, or to an 
important extent, through biological transmission between susceptible vertebrate hosts by 
haematophagous arthropods; they multiply and produce viremia in the vertebrates, multiply 
in the tissues of arthropods, and are passed on to new vertebrates by the bites of arthropods 
after a period of extrinsic incubation.” 


In 1954, arboviruses were divided by Casals and Brown into three serologic groups A, B, 
and C, based on cross-reactivity in hemagglutination inhibition (HI) and complement fixation 


(CF) tests. EEE, WEE, and VEE viruses constituted the group A arboviruses. A second cross- 
reacting set, including dengue, St. Louis encephalitis, and yellow fever viruses, constituted 
the group B arboviruses, and the nonreactive viruses were designated group C. As viruses 
became classified on the fundamental properties of the virion and the genome, the group A 
viruses became the Alphavirus genus within the Togaviridae family of enveloped RNA 
viruses. 


INFECTIOUS AGENTS 


Alphaviruses are enveloped plus-strand RNA viruses with icosahedral symmetry (Fig. 6.1). 
The virions are ca. 70 nm in diameter and sensitive to ether and detergent. Cryoelectron 
microscopy structures are available for many.°02-60°.890,1106,1107,1109 The RNA is contained 
within a capsid formed by a single protein arranged as an icosahedron with T = 4 symmetry. 
The nucleocapsid is enclosed in a lipid envelope derived from the host cell plasma membrane 
that contains the viral-encoded glycoproteins, E1 and E2. These proteins form heterodimers 
that are grouped as trimers to form 80 knobs on the virion surface. Glycoproteins are 
arranged such that 240 copies of each cytoplasmic E2 tail interact with 240 copies of capsid 


protein.!© 
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FIGURE 6.1 Three-dimensional reconstruction of the VEEV virion. A: Radially 
colored 3D reconstruction of VEEV showing the E1 basal triangle (green) and 
E2 central protrusion (blue) for each spike. Scale bar: 10 nm. B: One asymmetric 
unit of the virus containing four unique copies of E1 (magenta), E2 (cyan), E3 


(orange), and capsid (CP, blue). The cryo-EM densities for the viral membrane 
(yellow) and genomic RNA (green) are also displayed at slightly lower isosurface 
threshold. (Courtesy of Wah Chiu and reproduced with permission from Zhang 
R, Hryc CF, Cong Y, et al. 4.4 A cryo-EM structure of an enveloped alphavirus 
Venezuelan equine encephalitis virus. EMBO J 2011;30(18):3854—3863. ) 


The 42-49S genome is composed of a single-strand, nonsegmented, capped, and 
polyadenylated message-sense RNA that is infectious. Complete genomic sequences are 
available for representatives of all currently known alphavirus species. The genomes are 11 
to 12 kb in size and have two open reading frames organized with the nonstructural proteins 
(nsPs) at the 5’ end and the structural proteins at the 3’ end. The nsPs are translated as a 
polyprotein from genomic RNA, and the structural proteins are translated as a polyprotein 
from a subgenomic RNA.**° Four nsPs are sequentially processed to replicate the viral 
genomic RNA and produce the subgenomic RNA (covered in chapter on Togaviruses). nsP1 
has methyl- and guanylyl transferase capping activities, anchors the replication complex to 
membranes, and initiates minus-strand synthesis.2)**2>-104* nsP2 has N-terminal helicase, 
NTPase and RNA triphosphatase, and C-terminal protease activities.°7°4/7°3.808.1022 nsp3 is 
a phosphoprotein that interacts with viral and cellular proteins to regulate replication and is a 
major determinant of cell-type—specific replication, host range, and virulence.°°.9%3.741,780 
The N-terminal macrodomain is highly conserved in alphaviruses and binds and removes 
ADP-ribose from proteins,**°°’ while the intrinsically disordered hypervariable domain 
provides a hub for at least three different host protein families.*°* nsP4 is the RNA-dependent 
RNA polymerase.®°© 


Five potential structural proteins (C, E3, E2, 6K, and E1) are encoded in the subgenomic 
RNA, and an additional transframe protein (TF) is produced by -1 ribosomal frameshifting 
within the 6K coding region extending into E1.'7”*°>’”9 The N-terminal portion of C is basic 
and binds the viral genomic RNA, while the more conserved C-terminal portion 
proteolytically cleaves C from the nascent chain, interacts with other copies of C to form the 


nucleocapsid, and binds the cytoplasmic tail of E2 for virion assembly and 
budding.587.612,722,921,926,959,1107,1110 


E3 is a small cysteine-rich glycoprotein that serves as a signal sequence for pE2 (the E2 
precursor composed of E3 and E2), mediates proper folding of E2, and is necessary for pE2 
to heterodimerize with E1 for transport to the cell surface.°’*7*4 As part of the pE2-E1 


heterodimer, E3 prevents premature activation of E1 in the secretory pathway.*47:1013.1035 £3 
is cleaved from E2 by furin in the trans-Golgi, remains associated with the spike under acidic 
conditions, and needs to be shed when virions bud from the cell surface for particles to be 
infectious.?!0110° 


The E2 glycoprotein is a transmembrane protein that has two or three N-linked 
carbohydrates and contains the most important epitopes for neutralizing antibody. E2 is 


organized into three immunoglobulin ectodomains (A, B, and C) and a subdomain (D) (Fig. 
6.2). Domain A (residues 1—132) is at the center and top of the heterotrimer and has receptor 
and neutralizing antibody—binding sites. Domain B is at the spike tip and probably interacts 
with cellular receptors, and C is toward the viral membrane.?°®!°!%1052 Subdomain D 
connects C with the transmembrane helix.!©*!!°” The intracytoplasmic portion interacts with 
the capsid and has a second stretch of hydrophobic amino acids and myristoylation sites that 
tether it to the inner surface of the membrane. 


Ct Ct 


FIGURE 6.2 Domain structure of the glycoprotein spike. Schematic diagram of 
the E1pE2 heterodimer drawn “untwisted” to show the domains positioned with 
respect to one another and their connectivity. Domains of E1 (I, red; II, yellow; 
III, blue; fusion loop, orange) and pE2 (A, cyan; B, dark green; C, pink; E3, 
gray) are shown. Ct, C-terminus. (Courtesy of Felix Rey and reproduced with 
permission from Voss JE, Vaney MC, Duquerroy S, et al. Glycoprotein 
organization of Chikungunya virus particles revealed by X-ray crystallography. 
Nature 2010;468(7324):709-712.) 


The E1 protein has one or two N-linked carbohydrates, a short (one or two residues) 
intracytoplasmic tail, and a positionally conserved internal hydrophobic stretch of amino 
acids in the N-terminal portion that serves as the fusion peptide for virion entry into the cell. 
E1 is organized into three B-sheet-rich domains (I, II, and II) similar to the flavivirus E 
protein with the internal fusion loop at the tip of domain II°!! (Fig. 6.2). 6K is the signal 
peptide for E1, is cleaved from E1 and E2 by signalase, and has characteristics of a viroporin. 
TF has the same N-terminus as 6K, is palmitoylated, is important for virus virulence, and 
regulates virus budding with small amounts incorporated into virions.*°»779-9*? 


Propagation and Assay in Tissue Culture 


Initial isolations of alphaviruses were accomplished by intracerebral inoculation into suckling 
mice, a host very susceptible to infection with most alphaviruses. Many alphaviruses can also 
be isolated and propagated efficiently in primary chicken embryo fibroblasts (CEF) and in a 
wide variety of continuous mammalian cell lines such as human epithelial (HeLa, MRC5) 
cells, baby hamster kidney (BHK) cells, monkey kidney (Vero) cells, and mouse fibroblast 
and neuroblastoma cells (Fig. 6.3). 


FIGURE 6.3 Effects of Sindbis virus infection on vertebrate cells. A: Cytopathic 
effects (CPE) of rounding, shrinkage, and cytoplasmic blebbing in BHK cells 
infected at a low multiplicity (arrowheads). B: Electron micrograph of an 
infected BHK cell showing chromosomal condensation and cytopathic vacuoles. 


Most alphaviruses will form plaques on susceptible mammalian or avian cells under an agar 
overlay. Mosquito cell lines also support replication, but often without overt cytopathic effect 
(CPE).’’”°°9 The first plaque assay of an animal virus was performed using WEEV on CEF 
cells,2?! and plaque assay remains a convenient and sensitive way to quantify infectious 
virus. Plaque size has been used to differentiate strains and is determined by the type of 
overlay used, by relative virus binding to negatively charged sulfated polysaccharides present 
in the overlay, and by replication efficiency.!'!*°9°* Plaque size is sometimes, but not 
always, associated with virulence differences among virus strains.!°°9 


Biological Characteristics 


Hemagglutination 


Alphaviruses can hemagglutinate avian (e.g., goose, chicken) erythrocytes,°°? and 
hemagglutination has been used as a method for quantifying virus and HI for measuring 
antiviral antibody. Hemagglutination requires prior exposure of the virus to acidic pH, is 
dependent primarily on the E1 glycoprotein, and reflects binding of the fusion domain of the 
E1 glycoprotein to lipids in the erythrocyte membrane.!°%19'®10°9 —2 also participates in 
hemagglutination because some monoclonal antibodies (mAbs) specific for E2 also have HI 
activity.°°7°° The HI test is not currently in common use but has been helpful for determining 
antigenic relationships among alphaviruses and in screening diverse animal sera for 
antibodies where its cross-reactivity can be advantageous.!°” 


Cellular Receptors 


Binding of virus to the cell surface and entry into the cell is a multistep process that is 
dependent on virus glycoproteins E1 and E2, cell-surface molecules, low pH in the 
endosome, and fusion of membrane lipids. Variations in any of these components will affect 
the efficiency of infection and the likelihood that any particular cell will become infected. 
Virus-specific attachment to cells is primarily a function of the E2 glycoprotein. The 
important role for E2 in initiating virus—cell interaction is evidenced by the ability of anti-E2 
mAbs to inhibit binding to cells,'*° of anti-idiotypic antibodies to E2-specific mAbs to 
recognize putative virus receptors on cells,!°° and of amino acid changes in E2 to alter virus 
binding to cells of different types.*°>°9 


Identification of specific alphavirus receptors has been difficult and complicated by 


experimental use of virus strains that are adapted to replicate in tissue culture.°°? Because 
each alphavirus infects a wide range of hosts, often including birds, mammals, and insects, 
they must use either an evolutionarily well-conserved cell-surface molecule or multiple 
molecules as receptors. Specificity in infection is generally maximal for oral infection of 
even closely related mosquitoes, suggesting a role for processes beyond binding to proteins 
on the apical surface of midgut cells. None of the alphavirus receptors identified to date 
appears to be used exclusively, suggesting the possibility of several receptors. Alternatively, 
alphaviruses may use attachment molecule—receptor—coreceptor combinations to achieve 
wide host range and the specific tropisms observed in vivo. 


The first alphavirus receptor to be identified was the major histocompatibility complex 
(MHC) class I molecule receptor for Semliki Forest virus (SFV) on mouse and human 
cells.°9! However, cells lacking MHC molecules can still be infected with SFV.’!° The high- 
affinity laminin receptor is a receptor for SINV on BHK cells and a potential receptor for 
SINV and VEEV on C6/36 mosquito cells.°°!1°° Again, this molecule appears to account 
for only a portion of the total virus interaction with the cells studied and does not contribute 
to SINV binding to avian cells.!°4° Ross River virus (RRV) uses the a,8,-integrin on HeLa 


cells for binding.°*? SINV and VEEV can use natural resistance—associated macrophage 
protein (NRAMP) for binding to insect and mammalian cells,°!° and adhesion molecule 
Mxra8 improves binding of CHIKV, o'nyong-nyong virus (ONNV), RRV, and Mayaro virus 
(MAYV) to mouse fibroblasts.!!°° The type of cell in which the virus is grown can also 
influence initial virus—receptor interactions. For instance, SINV grown in mosquito cells is 
enriched in high-mannose carbohydrates that bind the C-type lectins DC-SIGN and L-SIGN 
on the surface of dendritic cells (DCs).*%" 


Heparan sulfate (HS), a ubiquitously expressed glycosaminoglycan, is an important 
initial binding molecule for many alphaviruses. Interaction with HS, a highly sulfated, 
negatively charged molecule, probably explains the effects of ionic strength and charge on 
the attachment of virus to cells.°!7°* Use of HS is selected by virus passage in vertebrate 
cells. However, wild-type strains of EEEV bind HS, so this property is not exclusively 
determined by passage in tissue culture.*°?? For these viruses, addition of heparin or 
lactoferrin, treatment of cells with heparinase, or use of cells deficient in HS decreases 
binding to cells and plaque formation. The heparin-binding domain of the E2 glycoprotein is 
on domain A and overlaps a neutralizing epitope (Fig. 6.2). Changes toward more positively 
charged amino acids in the region around E2-70 increase the efficiency of attachment to cells 
in tissue culture./?126°0 


Entry requires interaction with the cell membrane followed by a conformational change 
in the trimer of E1—E2 heterodimers.?89.°°°.897.912,1075 This conformational change is 
generally induced by low pH in the endosome, but entry may also occur at the plasma 
membrane.”°"-!°!7 At neutral pH, the E1 fusion peptide is protected in the virion heterotrimer 
by domain B of E2 and this association is stabilized by E3.°°°!* When exposed to acidic 
pH, E1 dissociates from E2 and forms stable E1 homotrimers in the presence of cholesterol- 


containing membranes.!4°"!° During this conformational change, the fusion peptide is 
exposed and inserted into the outer leaflet of the endosomal membrane lipid bilayer.!08°"! E1 
folds back to bring the viral and endosomal membranes together, promoting fusion. Efficient 
fusion with the cell membrane to initiate infection is dependent on cellular factors including 
presence of a membrane potential, cholesterol, sphingolipid, and _ tetraspanin 
TSPAN9, 390,694,718 


Effects on Vertebrate Cells 


Alphaviruses replicate rapidly in most vertebrate cell lines with the release of progeny virus 
typically within 4 to 6 hours after infection. At the time of virus entry, there is an increase in 
permeability perhaps due to pore formation by the E1, 6K, and/or TF proteins.°°71067,1068 
Insertion of newly synthesized glycoproteins into the plasma membrane for virion budding 
renders infected cells capable of ATP-dependent polykaryocyte formation upon exposure to 
acid pH.*”° Infection causes extensive CPE in a variety of cell lines characterized by cell 
rounding, shrinkage, and cytoplasmic blebbing (Fig. 6.3A) with the death of infected cells 
within 24 to 48 hours.°°*’7” Alphavirus-induced CPE has been linked to shutoff of host cell 
transcription and translation, endoplasmic reticulum (ER) stress, the unfolded protein 
response, and induction of apoptosis.29°°203.316.493,552,700 The ability of alphaviruses to 
induce cell death, combined with the ability to express heterologous genes, has led to their 
development as potential oncolytic agents.471:77©830,994 


Shutoff of host cell functions by OW viruses (e.g., SINV, SFV, CHIKV) differs from that 
of NW viruses (e.g., VEEV, EEEV).°"4 Transcription of cellular mRNAs including antiviral 
response genes is inhibited by nsP2 from OW viruses and by capsid from NW 
viruses. 1®.42,302,303,520 psp? of OW viruses translocates to the nucleus”? and induces 
degradation of RPB1, the catalytic subunit of RNA polymerase II to shut off cellular 
transcription. Mutations at nsP2 P726 that impair this function result in viruses that 
replicate less well and are less cytopathic.**.7°° Capsid of NW viruses inhibits nuclear import 
by forming a complex with the nuclear export receptor CRM1 and the nuclear import 
receptor importin-a/B.*! 


Several factors probably contribute in cell type-specific ways to shut off host cell 
translation.‘** One important factor is activation of RNA-dependent protein kinase (PKR) by 
interaction with double-stranded RNA (dsRNA) or capsid that results in phosphorylation of 
elF2a, which inhibits translation of genomic viral RNA for the nonstructural polyprotein and 
host mRNAs without affecting translation of viral 26S subgenomic RNA for the structural 
proteins.!®79°:1026 In many alphaviruses, escape from elF2a phosphorylation for subgenomic 
RNA translation is due to the presence of a hairpin loop structure downstream of the 


initiation codon that allows the 40S ribosome to initiate translation in the absence of eIF2 and 
e[ 4, 144,222,647,850,911,1025 


The apoptotic process in virus-infected cell lines is associated with blebbing of the 


plasma membrane, condensation of nuclear chromatin, and formation of apoptotic bodies 
(Fig. 6.3B). Viral proteins are concentrated in the surface blebs from which budding 


continues to occur.°!!®!” This process does not hamper, and may enhance, virus replication 
because inhibition of apoptosis usually decreases virus yield.°4°9°186° 


The mechanism(s) by which alphaviruses induce apoptosis can involve both intrinsic and 


extrinsic pathways and likely differs with virus and type of target cell.4°°°!° Apoptosis of 
cultured cells can be initiated at the endosomal membrane during SINV fusion resulting in 
activation of membrane-bound sphingomyelinases that release ceramide, an efficient inducer 


of cellular apoptosis.44*4°.449 SFV-induced apoptosis requires accumulation of viral RNA 
and is independent of p53.2!79°°10!5 Cellular caspases are activated with cleavage of 


caspase-3 substrates and fragmentation of chromosomal DNA.!°!! Other events in 
alphavirus-induced cell death often include early activation of poly(ADP-ribose) polymerase- 
1,°°4;99 activation of proapoptotic Bcl-2 family member proteins Bad or Bak,®°°” loss of 


mitochondrial membrane integrity, and release of cytochrome c.°°1°1° 


Apoptotic death is accelerated by glycoprotein-induced ER stress,°° sphingomyelinase 
deficiency,°°* low levels of extracellular Ca**,!°'! expression of Bax,’”° and activation of 
Bid.'°!> Alphavirus-induced apoptosis can be slowed or prevented by expression of 
ceramidase,*“* altered Ras signaling,“*®°°* expression of p21WAF1/CIP1,*!° expression of 
Bcl-2 family member and interacting proteins,?279°%9°>°16772,700,860,1012,1015 expression 
of the ER stress protective protein Parkin,’°° mutation of nsP2,°°?7°° phosphorylation of 
protein kinase C-delta (PKCS),'!' inhibition of constitutive expression of NF-KB,’ and 
caspase inhibition.°8°%*:'0!5 Apoptotic cell death is delayed by the cell type-specific 


induction of autophagy.*°%.48°.>!! 


Autophagy serves for lysosomal degradation of damaged cellular organelles and also for 


defense against intracellular pathogens.*°”°°? Autophagy can be activated by viral 
stimulation of cellular pattern recognition receptors or cytokines such as IFNy and can serve 
to deliver viral nucleic acids to endosomal toll-like receptors (TLRs) to amplify innate 


responses.”°? Autophagy delays neuronal cell death and facilitates SINV clearance through a 
selective process by which the adaptor protein p62, along with other selective factors in the 


autophagy pathway, targets nucleocapsids for delivery to autophagosomes.™4!7!9%720.95! 
CHIKV-induced autophagy promotes virus replication in HEK293 cells and mouse embryo 


fibroblasts (MEFs).4°°°"4 

Alphavirus-induced vertebrate cell death can also occur by caspase-independent, 
nonapoptotic mechanisms. Alphaviruses efficiently shut down protein, rRNA, and mRNA 
synthesis in infected cells,°°?727*1°5 deplete nicotinamide adenine dinucleotide (NAD) and 
energy stores,-*0-1°!! and induce dysfunction of Na*K*ATPase causing loss of membrane 
potential and changes in intracellular cation concentrations.°”!°'4 Genome replication 
without structural protein synthesis can also induce cell death.'°!° For Old World viruses, 


expression of nsP2 alone is cytotoxic, and this property can be separated from its protease 
activity and the effects of nsP2 on host transcription.27&227-303.304,327,617,742,956 


Although immature neurons die by apoptosis, mature neurons are more resistant to 
apoptotic cell death.*!°°”9 This resistance is due to an intrinsic ability to suppress virus 
replication.°*°711027 Mature motor neurons, infected by virulent strains of virus, die by a 
necrotic process and are not protected from death by Bcl-2 family proteins.°”9*8° Autophagic 
clearance of viral proteins may promote neuronal survival.’'° 


Persistent infection can occasionally be established in mammalian cell cultures. Mouse 
fibroblasts producing interferon (IFN), or BHK cells with a high concentration of defective 
interfering particles, can establish SINV-persistent infection.**”!0% Infection with SINV or 
SINV replicons (incomplete genomes that retain replicative ability) that have mutations in 
the C-terminal methyltransferase-like domain of nsP2 results in reduced viral RNA synthesis, 
decreased CPE, and persistent infection in some vertebrate cell lines.!122°287,288,617,742 


Persistent infection can also be established if the cell infected is resistant to virus-induced 
apoptosis, 17-9>4-1010,1027 


Effects on Invertebrate Cells 


Studies of alphavirus infection of cell lines derived from Aedes albopictus (e.g., C6/36, U4.4) 
and Aedes aegypti (e.g., Aag2) mosquito larvae demonstrate fundamental differences in 
alphavirus replication between vertebrate and invertebrate cells. The time course of virus 
replication is similar, but there is only a modest effect on host gene expression,*’°°>* and 
persistent noncytopathic infection, or death by a nonapoptotic process,*”? is more common 
than in vertebrate cells. Infection of mosquito cells does not lead to host cell transcriptional 
and translational shutoff as seen in vertebrate cells, and this is probably the main factor 
permitting persistent infection of mosquitoes in vivo as well as mosquito cells in vitro.°*’ 
Interaction of the nsP3 hypervariable C-terminal domain with SH3-containing domain 
proteins is particularly important for replication.°°° In culture, virion maturation is often 
observed within vesicular structures with virion release by exocytosis rather than at the 
plasma membrane,“°°*! while in polarized cells of the mosquito midgut digestive and 
salivary gland acinar cells, in vivo maturation generally occurs via budding from the plasma 
membrane, often in a directed manner.224!9°9 


Virions produced by mosquito cells are relatively deficient in cholesterol (mosquitoes are 
auxotrophs for cholesterol, which is derived in the adult stage from blood feeding) compared 
to virions produced by vertebrate cells and have detectable differences in structure and 
glycosylation of the envelope proteins that can affect infection.°©&°°%*!7 9.95! Recent 
studies have shown that several alphaviruses produced by mosquito cells are denser than 
some populations from vertebrate cells, and contain components of the small subunit of the 
host cell ribosome. These “heavy” virions are more infectious for vertebrate cells than their 
less dense counterparts from vertebrate cells. However, the “light” particles are more 


infectious for mosquitoes and induce a stronger innate response in the vector.° 

The uncloned lines derived from Ae. albopictus larvae contain many types of cells with 
properties representative of different mosquito tissues. Lytic infection occurs in some clones 
that support high levels of virus replication,°*?°°* while persistent infection is associated 
with a short period of relatively high virus replication followed by a decrease in virus 
production and in the numbers of cells in the culture that are producing virus.2°°°°.6° The 
decrease in virus production is not associated with activation of the signal transducer and 
activator of transcription (STAT), immune deficiency (IMD), or toll insect innate response 
pathways but is associated with decreased processing of the nonstructural polyprotein and 
expression of the protease inhibitor TEPII.7”°°° However, in Ae. aegypti infection, SINV 
up-regulation of the IMD pathway is dependent on the mosquito microbiome.°* 
Transcriptional analysis of persistently infected cells shows an increase in mRNAs associated 
with vesicle formation and the Notch signaling pathway.°® Lytic infection can also be 
induced by viruses engineered to express death-inducing insect proteins such as reaper or 
Michelob_x.!°°8 Insect-specific viruses present in U4.4 cells (and lines from other mosquito 
species), but not in C6/36 Ae. albopictus—derived cell lines, may also affect infection with 
alphaviruses.!°°° Studies expressing the proapoptotic gene reaper from a SINV vector 
suggest that apoptosis is also important for controlling alphavirus infection of mosquitoes.’!® 

RNAi is an important insect defense mechanism, and modulation of viral replication in 
mosquito cells is due in large part to the RNAi pathway. SFV infection of U4.4 or Aag2 cells 
leads to production of viral RNAs derived from replicative dsRNA that are unevenly 
distributed across the genome and variable in efficiency for mediating antiviral RNAi.°°° 
This RNAi signal can spread from cell-to-cell and inhibit replication.4° The RNAi pathway is 
defective in C6/36 cells,?” but the IMD, and not the toll innate response pathway, can 
suppress SINV replication in these cells.°* The small interfering RNA (siRNA) pathway is 
regarded as the principal antialphaviral pathway, and CHIKV nsP2 and nsP3 appear to 
exhibit RNAi suppressor activity.°'? Knockdown of virus-specific PIWI-interacting RNA 
(piRNA) pathway components in Ae. aegypti cells to reduce CHIKV-specific RNAs does not 
affect CHIKV replication, suggesting that this pathway is not critical to modulating viral 
replication. However, knockdown of the helicase Spindle-E (SpnE), essential to the piRNA 
pathway in Drosophila melanogaster, increases CHIKV and SFV replication in Ae. aegypti 
cells independent of the siRNA and piRNA pathways. This suggests a small RNA- 


independent antiviral function for SpnE.'°*! In addition, Ae. aegypti microRNAs appear to 
modulate CHIKV infection of mosquito cells.*7” 


Superinfection Exclusion 


Vertebrate and invertebrate cells infected with one alphavirus often cannot be productively 
infected with the same, or a closely related, alphavirus at a later time. Exclusion is 
established after translation of the nsP genes of the first virus to enter. The superinfecting 


genome can be translated, but not replicated®“° possibly due to the presence of the transacting 
nsP2 protease that prematurely cleaves the replicase polyprotein required for minus-strand 


synthesis.*”* Experimental coinfection of Ae. aegypti by CHIKV and the often cocirculating 
dengue-2 and Zika flaviviruses does not appear to be less efficient than single-virus 


infection.®24 


Antigenic Composition 


All alphaviruses are related and share common antigenic sites, as revealed by HI and CF tests 
with polyclonal immune sera!®’ and by cytotoxic T-cell lysis of infected cells.°°%-°7° 
Antigenic cross-reactivities may confer some cross protection and interfere with sequential 
alphavirus immunizations. !°°7!8344,°68619 These cross-reactivities formed the basis for the 
original classification into the group A arboviruses (later the alphaviruses) and continue to be 
a valuable means for initial identification and classification of alphaviruses.'°’ Closely 
related viruses within a serogroup form a complex. Seven broad antigenic complexes have 
been identified within the alphavirus serogroup: Barmah Forest (BF), EEE, Middelburg 
(MID), Ndumu (NDU), SF, VEE, and WEE.°**+7°79°0 However, several more recently 
discovered alphaviruses have not been extensively characterized antigenically, so their 
classification into new complexes is based on extrapolation from sequences alone; examples 


include Trocara,’”’ Eilat,°®° and Tai Forest?’ (Table 6.1). The BF, EEE, MID, and NDU 
complexes each contain only a single virus, while the SF, VEE, and WEE complexes include 
several viruses. Viruses within each complex can be subtyped using reactivity with mAbs, 
kinetic HI, or neutralization assays.!7° 


Antibodies to El are more likely to cross-react with other alphaviruses than are 
antibodies to E2.9%4241094 This is consistent with the documented greater sequence 
conservation in the El protein. Competitive binding assays using mAbs have identified 
approximately seven epitopes on the E1 glycoproteins of SINV, SFV, WEEV, and 
VEEV.20.424,632,814,867 Most El epitopes are not exposed on the virion surface but are present 
on the surface of infected cells or on acid-exposed virions.!9°°9-%*8°” These transitional 


epitopes map to domain III in a region buried at the spike interfaces (Fig. 6.4).!°°* The in 
vitro biologic activities of antibodies to E1 include HI, neutralization of virus infectivity, and 


inhibition of fusion.!?°°-44-8°7 Neutralizing epitopes map to domains I, II, and III.°°8 


FIGURE 6.4 Neutralization escape mutations and positions affecting host range 
and tissue tropism mapped on the VEEV spike. Neutralizing antibody escape 
mutations displayed as yellow spheres on the spike with epitope written in the 
spheres. E1 is shown in ribbons and E2 in surface rendering using the colors 
defined in Figure 6.2. The left panel shows a top-down view of the spike, the 
middle panel shows the spike from the side, and the right panel shows the far 
right dimer from the middle panel. (Courtesy of Felix Rey and reproduced with 
permission from Voss JE, Vaney MC, Duquerroy S, et al. Glycoprotein 
organization of Chikungunya virus particles revealed by X-ray crystallography. 
Nature 2010;468(7324):709-712.). 


Antibodies to E2 are usually alphavirus specific, but can be cross-reactive and block multiple 
steps in the replication cycle including both entry and egress through cross-linking of 
neighboring spikes.*”° Competitive binding assays using mAbs identify 4 to 5 epitopes on the 
E2 glycoproteins of SINV, SFV, RRV, and VEEV.20482652,714.814 In vitro biologic activities 
of antibodies to E2 include HI, neutralization of virus infectivity, and blocking of virus 
binding to the cell surface.2!* Many anti-E2 mAbs have both neutralizing and HI activities 
suggesting that these functions overlap. Neutralization-escape mutants, naturally occurring 
variants, Agt11 expression libraries, site-directed mutagenesis of cDNAs, and recombinant 
viruses have been used to identify amino acids contributing to the various epitopes on E2 and 
have identified two major neutralizing sites®°8-9°>-104 that have been mapped onto domain B 
of the crystal structure of the E1-E2 heterodimer and trimerized spike?°®-!°°* (Fig. 6.4). This 
is an exposed hydrophilic region that often includes an N-linked carbohydrate. There are 
linear, as well as conformational, determinants in this region because these mAbs frequently 
react in Western blots and recognize A-fusion proteins, and antibodies to peptides from this 
region are protective against challenge.!°44 


The second neutralizing epitope on E2 appears to be primarily conformational and is in 
domain A (Fig. 6.4). This region is responsible for binding to HS and is obscured if pE2 is 


not cleaved.!°°* Visualization by cryoelectron microscopy of the binding of HS and mAbs to 


this epitope on SINV and RRV identifies the domain A knob on the glycoprotein 
spike.213-1106 


Monoclonal antibodies against EEEV that bind to E2 domains A or B can protect mice 
and nonhuman primates when administered passively.!0719%498.916.1050 Qne CHIKV mAb 
that bridges domains A and B prevents entry by interfering with movement of the B domain 
away from the E1 fusion loop.°”° Other mAbs bind a footprint that spans different domains 
on adjacent E2 proteins**’ or bind the E2 proteins in the plasma membrane to prevent 
budding by inducing coalescence leaving nucleocapsids accumulating in the cytosol to 
activate Fc receptors.**° 


Evolution and Phylogeny 


Alphaviruses, which replicate in arthropods, birds, reptiles, fish, and mammals, derive from a 
single unknown protoalphavirus within the alphavirus superfamily of viruses. Viruses in this 
superfamily, including many RNA plant viruses, have a similar genetic organization and 
replicase proteins with homologous conserved motifs, but diverse coat proteins.°°”7 Amino 
acids important in secondary structure (e.g., cysteines and those close to one another in 
adjacent B-sheets and a-helices) have been conserved for the glycoproteins E1, E2, and E3, 
consistent with a similar conserved three-dimensional structure of the virion.*”? Highly 
conserved regions in the nsP1 and nsP4 genes have allowed for the development of primers 
to detect a broad range of alphaviruses by RT-PCR.*4”?!*°°7 The most variable regions of the 
open reading frames are in the C-terminus of nsP3 (hypervariable domain) and the N- 
terminus of C.*”° Sequence information from the entire genome generally groups the viruses 
similarly to that derived by antigenic analysis (Fig. 6.5) and has detected at least one ancient 
recombination event.°©° Criteria for species demarcation of alphaviruses combine genetic, 
ecological, and antigenic information. Species generally have distinct transmission cycles 
and differ by more than 23% at the nucleotide level and 10% in amino acid sequence when 
E1 genes are compared. 
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FIGURE 6.5 Unrooted phylogenetic tree of all alphavirus species generated 
from a conserved region of envelope protein gene nucleotide sequences (2184 nt) 
using the GTR+I+G substitution model and maximum likelihood method. Red 
color indicates location in the Old World; green indicates New World. 
Parentheses indicate major subtypes; asterisks indicates unclassified virus. Black 
lines and labels indicate alphavirus complexes based on antigenic and/or genetic 
similarities. Abbreviations: EEE, eastern equine encephalitis; VEE, Venezuelan 
equine encephalitis; WEE, western equine encephalitis. (Courtesy of Rubing 
Chen.) 


The origin of the alphaviruses is unclear. Partial genome sequencing has suggested origins 
both in the Americas and in the Old World.*°*°°°:7671054 Recently, comparison of whole 
genome sequences from all known alphaviruses has suggested an origin from an ancestor of 
the louse-borne aquatic alphaviruses*”° (Fig. 6.5). However, the discovery of geographically 
diverse “insect-specific” alphaviruses,°9%°°> 98° which infect mosquitoes but are 
fundamentally defective for replication in vertebrates, suggests that they may represent the 
ancestral alphaviruses. All of these scenarios require repeated movement across the globe to 
explain the current virus distributions. 


Like other RNA viruses, alphaviruses undergo genetic change primarily by accumulation 
of point mutations in the genomic RNA, but deletions and duplications also occur, especially 
in the C-terminal hypervariable domain of the nsP3 gene and the highly variable 3'- 
untranslated region (UTR).*!°”2°° Mutation occurs at a rate that is slower (1-7 x 104 
substitutions/nucleotide/year) than is estimated for some other RNA viruses,!7?179 
presumably because “tradeoff” fitness must be maintained in both insect vectors and 
vertebrate hosts.!°? Recombination between alphaviruses can be demonstrated in vitro, but is 
infrequent and usually puts the chimeric virus at a replicative disadvantage.!*°!”9 However, 
successful recombination has occurred at least occasionally in nature as evidence by the fact 
that WEEV is the result of an ancient recombination between EEE- and SIN-like viruses 
(Fig. 6.5) at the junction of E3 and capsid.27770°68.9!8 


Alphaviruses replicate in and are transmitted horizontally by a wide range of 
invertebrate, primarily mosquito, species. However, each virus usually has a principal or 
preferred vector for the enzootic cycle. Most alphaviruses can infect a variety of vertebrates, 
but have birds, mammals, or fish as their primary amplifying and reservoir hosts (Table 6.1). 
The specific invertebrate vector and vertebrate host used by an alphavirus typically 
contribute significantly to determining the enzootic geographic distribution of that virus. 
Experiments modeling evolution in vitro show that fewer mutations accumulate if replication 
alternates between vertebrate and invertebrate cells, but diversity, fitness, and adaptability are 
greater with serial passage in a single host system.!®°-18°189.343,1049 Fx neriments employing 
in vivo passage show that serial passage in mosquitoes increases mosquito infection 
efficiency and passage in vertebrates produces higher viremias in vertebrates, but alternately 
passaged viruses do not change fitness.!®° 


It is hypothesized that host mobility influences alphavirus genetic diversity and evolution 
in a given geographic region.!’%!°° Viruses using avian enzootic hosts (e.g., EEEV, WEEV, 
SINV) extend over wide geographic regions and evolve as a few highly conserved genotypes, 
while viruses using mammalian enzootic hosts with a more limited range of dispersal (e.g., 
RRV, enzootic VEEV, enzootic CHIKV) evolve within multiple geographically restricted 
genotypes. /©°999.842 However, human-amplified lineages of CHIKV and equine-amplified 
strains of VEEV have the opportunity to spread even more rapidly and extensively than do 
avian-amplified alphaviruses./°*® 


Some strains of alphaviruses associated with epidemics or epizootics are antigenically 


and biologically distinguishable from enzootic strains. Phylogenetic evidence indicates that, 
at least for VEEV and some strains of WEEV, the virulent epizootic strains evolve by 


mutation from avirulent viruses being maintained in the enzootic cycle.2)®*770.80 For 


CHIKV, several human-amplified lineages have been evolving independent of the enzootic, 
African lineages for several years to many decades. !° 


PATHOGENESIS AND PATHOLOGY IN 
VERTEBRATES 


Excellent and well-studied model systems exist for several alphaviruses, and much of our 
detailed knowledge about alphavirus pathogenesis comes from investigations in mice. 
Information from these models will be combined where appropriate with information from 
studies of humans with alphavirus-induced disease to deduce the pathogenesis of infection. 
Specifics will be covered in sections on the individual viruses. 


Entry 


The primary mode of alphavirus transmission to vertebrates is through the bite of an infected 
insect, most often a mosquito. Mosquitoes salivate during feeding and deposit virus-infected 


saliva mainly extravascularly.!°°° Saliva virus titers are highest early after the mosquito is 
infected and sometimes decline, along with transmission rates, after 1 to 2 weeks, but 


mosquitoes remain infected for life.°4*!°*? The high-mannose glycans on virus from 
mosquitoes inhibit induction of IFN by myeloid DCs,®°° and proteins in saliva further 
facilitate transmission by skewing the host cellular immune response toward Th2 


cytokines.?”’ 


Sites of Primary Replication 


The initial sites of virus replication vary with the virus and host. Mice have received the most 
extensive study. After subcutaneous inoculation, viruses may infect skeletal muscle or 
fibroblasts at the local site (e.g., EEEV, WEEV, SFV, RRV, SINV, and Getah virus) or be 
taken up by and infect Langerhans cells in the skin (e.g., VEEV)?°*404°’197! (Fig. 6.6). 
Langerhans cells and DCs transport virus to lymph nodes draining the site of inoculation that 
also may become infected.*9°°°° In vitro, human DCs are susceptible to infection with 


VEEV, but not to infection with CHIKV or EEEV,7?°°%.85.579 so the importance of DC 
infection after mosquito inoculation is likely to differ with the infecting virus. 
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FIGURE 6.6 Basic steps in alphavirus infection of vertebrates. Virus is delivered 
extravascularly by an infected mosquito and infects local muscle cells or 
Langerhans cells in the skin. Langerhans cells can carry virus to local lymph 
nodes where further replication may occur. Virus is delivered to the blood and 
spreads to target tissues such as skin, joints, and the central nervous system, in 


addition to distant muscle and lymphatic tissue. 


Spread 


Alphaviruses induce a substantial plasma viremia in their amplifying hosts and in hosts 
susceptible to disease (Fig. 6.7). The ability to mount and sustain a viremia is dependent on 
the continued efficient production of virus, delivery of virus into the vascular system, and 
slow clearance from the blood. Animal studies have shown that small-plaque viruses are 
generally less virulent because they are cleared more rapidly from the circulation than are 
large-plaque viruses.*°°*49.”°3 This phenomenon is related to the ability of small-plaque 
viruses to bind HS and thus to be rapidly removed from the circulation by the highly sulfated 
glycosaminoglycans in the liver.'*° An exception is VEEV, where naturally small-plaque 
variants produce higher viremia titers in equids, allowing for epizootic amplification.!° 
Ability to invade target organs is dependent in part on the duration and height of the viremia, 
but also on other characteristics of the virus important for tissue invasion.°?° 
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FIGURE 6.7 Schematic diagram of the pathogenesis of alphavirus-induced 
disease. Viremia may be accompanied by production of interferon and other 
proinflammatory cytokines and fever. Virus then spreads through the blood to 
other target tissues. As the immune response is induced, the viremia is 
terminated, but fever is renewed with appearance of a mononuclear inflammatory 
response in the infected tissue. In infections that lead to rash and arthritis, joint 
pain usually appears early after infection and prior to the appearance of the rash. 


Cell and Tissue Tropism 


Viruses that replicate initially in skeletal muscle and lymph nodes near the site of inoculation 
often spread through the bloodstream to more distant skeletal muscles and other lymphatic 
tissues. In addition, cardiac myocytes, osteoblasts, brain and spinal cord neurons, and brown 
fat cells are secondary sites of replication for many alphaviruses in mice (Fig. 
6.6)./4°71652,673 RRV and Getah virus cause polymyositis*?*®”°; EEEV, WEEV, SFV, and 
SINV cause encephalitis?”792-9*971,1050; RRV and CHIKV cause arthritis??*°°! 4"; and 
VEEV causes lymphoid depletion and encephalitis.?!94110%6 


In humans, the skin is a target for alphaviruses that cause a rash,2°44!2.920,604 


for alphaviruses that cause arthritis,2°*4°”-°°' muscle for alphaviruses that cause myalgia, 
and the nervous system for alphaviruses that cause encephalitis.2°1°°! RRV and SINV have 
been recovered from skin biopsies.°!%-°*°.4 RRV replicates in skin basal epidermal and 
eccrine duct epithelial cells.2°* Human synovial cells support RRV infection in vitro*>? and 
RRV RNA is detected in synovial biopsy specimens.?~? Joint fluid taken from humans with 
acute arthritis has not yielded infectious virus, but viral antigen and RNA can be detected in 


fibroblasts and macrophages and these cells support RRV and CHIKV replication in 
vitro 407,459,526 


the joints 
723 


The mechanism by which encephalitic alphaviruses enter the CNS is not entirely clear. 
Neuroinvasiveness is a component of virulence that varies between viruses, virus strains, and 
route of inoculation.**? Murine studies have shown infection or transport by cerebrovascular 
endothelial _—_cells,#8°»7279*4 ss choroid ~— plexus _— epithelial ~—_cellls,°”!_— olfactory 
neurons, !27:162,749,823,975,1029 and peripheral nerves.'®°> Once within the CNS, virus can 
spread from cell to cell or through the cerebrospinal fluid (CSF).47!7!+97° For most 
encephalitic alphaviruses, the targeted cell within the CNS is the neuron*?*°7!7!! where 


cellular protein synthesis is suppressed?®? and damage can be severe and irreversible. In mice 
that recover from neuronal infection, infectious virus is cleared, but viral RNA 


persists.77849,638,1008 SFY, RRV, and VEEV can also cause persistent infection of microglial 
and oligodendroglial cells leading to demyelination. !2*!9°779878 


Immune Responses 


Innate Responses 


Early responses to alphavirus infection include production of cytokines and chemokines and 
activation of natural killer (NK) cells.*°° Type I (a/B) IFN is induced in vivo by many, but not 
all, alphavirus infections of experimental animals*??-?!3.499-889.99! and humans*?7832,865,1045 
(Fig. 6.7). The amount of IFN produced by infected tissues is usually linked to the level of 
virus replication, and IFN production continues if virus is not cleared.!!8277363,407,439.865 TEN 
rapidly appears in serum, and levels are diminished by splenectomy or failure to replicate in 
hematopoietic cells, suggesting that lymphoid tissue is one important source.292429-904,906 
Different cell systems have been used to determine the mechanisms by which 
alphaviruses induce and control synthesis of IFN in response to infection. Viruses vary in 
their ability to induce IFN production by different types of cells,’°?°°>°°9 and the cellular 
sources of IFN probably differ with time after infection. In tissue culture cell lines, IFN 
production, shutoff of host protein synthesis, and CPE are controlled by nsP2 (SINV, SFV) or 
C (VEEV, EEEV).!®104,288,303,304 Th these cells, shutoff of host gene expression suppresses 
antiviral responses.!®104304,1096 Alphaviruses can also interfere with IFN signaling by 
decreasing JAK activation and STAT phosphorylation and nuclear translocation.2°9.90490° 


The primary source of early IFN in vivo may be plasmacytoid DCs for some 
alphaviruses,°*? but not for others.°©° SFV induction of IFN by myeloid DCs requires fusion 
and IFN regulatory factor (IRF)-3, but not replication, and is independent of MyD88.*"° For 
SINV and RRV, N-linked glycans on E2 are important determinants of IFN production by 
DCs.8 


In cells other than DCs, induction of IFN and IFN-stimulated genes (ISGs) requires viral 


entry and RNA synthesis.”“'°”8 Data from ts mutants suggest that formation of dsRNA is the 
necessary step in replication for IFN induction. NsP1/nsP2 cleavage affects IRF3 activation 


and IFN induction by SINV without affecting shutoff of host transcription or translation.!%4 
Viruses with mutations in the protease domain of nsP2, which cannot process the 
nonstructural polyprotein to initiate plus-strand RNA synthesis, do not induce IFN.°°7°" In 
infected or transfected fibroblasts and epithelial cells, dsRNA and higher-ordered RNA 
structures convert host cell RNA into 5’-ppp dsRNA to activate MDA5 and PKR, important 


intracellular sensors of alphavirus infection,°?°°° and stimulate phosphorylation of 
IRF3’°18”* and formation of the IRF3/CBP/p300 transcriptional activation complex for 
induction of immediate early IFNs.’* This process is independent of mTOR pathway 
activation.2!! Virulent strains of EEEV do not induce IFN after fibroblast infection, while 
attenuated strains do, potentially associated with differences in binding to HS.°°° 


Production of IFN often follows the initial release of virus from infected cells by 2 to 3 
hours*°° and for some but not all alphavirus strains is regulated by whether host protein 


synthesis is shut off before IFN can be synthesized.'°*!9-'°78 The ability of CHIKV to 
induce IFN mRNA and protein is cell type dependent.®°° Primary human monocytes infected 
by CHIKV produce IFN-a, IL-6, and IL-12.°°° Replication in primary human fibroblasts is 
controlled by TLR signaling with production of IFN-B mRNA, but no protein because the 
mRNA is not translated.?97:1078 


IFN is an important part of the host response to alphavirus infection and virus replication 


is generally sensitive to its effects. }©194208.499,545,659,835,885,929,1103 Mutations associated with 
altered sensitivity to antiviral activities of IFN have been mapped to the 5’ UTR, nsP1, and 


nsP2,788.459,819,933,1079 and this variation in sensitivity may or may not correlate with 


virulence.222!:2 10,425,933, 1096 


Animals can be protected from lethal infection if treated with type I IFN or IFN-inducers 
before or soon after infection.1°499:461°84,772,879 Animals unable to respond to IFN due to 
deletions of the a-chain of the IFN receptor or crucial IFN signaling molecules develop more 
severe disease than wild-type mice, !®124.191,193,258,277,346,825,834,865,870,884,933, 1079 
Furthermore, absence of an IFN response allows virus replication in cells previously resistant 
to infection.*””°°3:84,995 TEN appears to primarily limit virus replication early while the 
adaptive immune response is being induced (Fig. 6.7). Roles for several ISGs have been 
identified with effects on entry, genome translation, replication complex formation, structural 
protein synthesis, and morphogenesis.°*7°-9/° 


Antiviral proteins PKR and RNase L have a limited role in the IFN-induced antiviral 
response in vitro and in vivo.®°° However, activation of PKR improves the stability of IFN 
mRNA,°»872 and RNase L—deficient fibroblasts fail to shut off minus-strand RNA synthesis 
or form stable replication complexes and establish persistent infection suggesting a role for 
RNase L in regulating viral RNA synthesis.®°’ Several IFN-induced proteins have been 
demonstrated, often through overexpression studies, to inhibit alphavirus replication in vitro, 
and through studies of transgenic or knockout mice in vivo. Transgenic expression of MxA, a 
large cytoplasmic GTPase, in IFN-a/B receptor-deficient mice results in decreased SFV 
replication by preventing accumulation of genomic and subgenomic RNA and provides some 
protection against fatal disease.2°”°*! Zinc finger antiviral protein (ZAP/PARP13) is an 
RNA-binding protein that blocks translation of incoming viral genomic RNA®**°® by 
binding to specific viral MRNA sequences, interaction with the host DEAD box helicase p72, 
and degradation by the RNA-processing exosome.°416>.399.481536,597,1103 Vinerin (Rsad2) is a 
conserved multifunctional protein that can bind Fe-S clusters and associates with the 
cytosolic face of the ER and lipid droplets to inhibit the replication of many 
viruses.22°:883,967,1103 The large form of 2'-5'-oligoadenylate synthetase (OAS3) is associated 
with ribosomes and blocks early stages of replication independent of RNase L.!°° Tetherin 
(Bst2) is a transmembrane protein that blocks alphavirus release from the plasma 
membrane.*?°,’!” Tetherin-deficient mice have increased viral loads and decreased 
inflammatory responses suggesting an additional regulatory role for this ISG.°°? ISG15 is an 


ubiquitin-like molecule that exerts its antiviral effect by conjugating proteins, and ISG15- 
deficient mice have increased mortality with increased levels of proinflammatory 
cytokines.2!0°44,949,1070 [SG20 is a nuclear DEDD family 3'-5’ exonuclease that inhibits 
alphavirus replication by increasing expression of antiviral ISGs such as IFN-induced protein 
with tetratricopeptide repeats (IFITs).!°°1°% IFIT1 (ISG56) is a cytoplasmic protein that 
inhibits translation by binding 5’-ppp or incompletely capped (cap 0) viral RNAs and 
components of the eIF3 translation initiation complex.”7°°°!7;7>9 IFIT1-deficient mice have 
increased susceptibility to infection, but virulent alphaviruses with a secondary structural 
motif in the 5’ UTR escape IFIT1 binding and function.**>°°* IFN-induced transmembrane 
protein (IFITM)-3 is present in early endosomes and blocks pH-dependent virus fusion 
required for entry, and deficiency leads to increased viral load in tissues.”°?:!°7 

IFN may also contribute to alphavirus-induced disease. Fever during the viremic phase of 
infection, as is seen with CHIKV and RRYV, is probably a response to the IFN induced early 
after infection (Fig. 6.7). It has been postulated that the rapidly fatal disease induced by 
alphaviruses in newborn mice may be due to the production of large amounts of IFN and 


proinflammatory cytokines.?°! Acute phase responses induced by alphaviruses prior to the 
virus-specific adaptive immune response often reflect the extent of virus replication and 
include up-regulation of TLR expression and increased production of tumor necrosis factor 
(TNF), interleukin (IL)-1 and IL-6, as well as IFN-a/B.°4>23-89.991,1071 Adult mice deficient 
in IL-1f have reduced mortality after CNS infection with a neurovirulent strain of SINV, 
suggesting that cytokine production may also contribute to disease.°? 


Virus-Specific Adaptive Responses 


Both cellular and humoral immune responses are induced by infection?” (Fig. 6.7). In 
experimentally infected adult mice, antiviral IgM is usually detected in serum within 3 to 4 
days after infection.247°8>.’*>.878 The cellular immune response, manifested by the presence 
of virus-reactive lymphocytes in draining lymph nodes and blood and the infiltration of 
mononuclear cells into infected tissues, also appears within 3 to 4 days after infection.*°°-°° 


These responses appear later (7—10 days after infection) in neonatal mice.®®° Both play a role 
in recovery from infection and protection against reinfection. 


Humoral immunity 


Virus-specific IgM antibody is detectable very early in human disease, which often provides 
a means for rapid diagnosis of infection when it is short-lived or when seroconversion is 
detected, but it can also persist for many months after 
recovery.2~129:133,142,148,355,407,519,605,695 A nnearance of antibody correlates with cessation of 
viremia (Fig. 6.7). Virus-specific IgA also appears early in infection, but declines rapidly.!* 
IgG antibody is present in serum after 7 to 14 days and is maintained at relatively high levels 
for years.!°!:229 Many lines of evidence support the hypothesis that recovery from alphavirus 


infection is dependent in large part on the antibody response and that either IgM or IgG is 
sufficient. 118.99 1.589.697,761 Ranidity of antibody synthesis within the CNS is predictive of 
outcome from encephalitis in both mice and humans. Those without evidence of early 
antibody synthesis are most likely to die.”°:!*9 Antibody in the periphery can neutralize virus 
infectivity and promote virus clearance by the reticuloendothelial system in conjunction with 
complement. 


The most extensive experimental studies to define the relevant antibody specificities and 
the mechanisms of antibody-mediated recovery and protection have been done using VEEV, 
SFV, CHIKV, and SINV infection of mice. Passive transfer of antibody before or after 
infection is protective. Both neutralizing and nonneutralizing mAbs against multiple epitopes 


on the E1, E2, and E3 glycoproteins can protect against alphavirus challenge and promote 
recovery. 88:89,107,356,424,488,613,632,732,934,1094 


Treatment of immune-deficient mice persistently infected with SINV or SFV with 
antiviral antibody clears infectious virus from the CNS without causing neurologic 


damage.*9°>! Similarly, antibody clears CHIKV from the joints of infected mice.°°°3,76! 
E2-specific mAbs can down-regulate intracellular virus replication in vivo and in vitro by a 


nonlytic mechanism.?°!!°!° Antibody against an N-terminal peptide of VEEV E2 that is not 
neutralizing can limit virus replication in vivo,**? and a nonneutralizing mAb to SFV E2 can 
limit virus replication in vitro.°° Anti-E3 mAbs inhibit production of VEEV.’°* Anti-E1 
mAbs may also be able to alter intracellular virus replication.!%® 

In vitro studies show that the process by which antibody alters intracellular virus 
replication requires bivalent antibody, but does not require the Fc portion of the MAb, 
complement, or other cells.°°!!°!° However, the effects of antibody are amplified by 
treatment of infected cells with IFN-a.*°8 Soon after antibody binding, virion budding from 


the plasma membrane is inhibited.*°9 In vivo studies also show that IFN and antibody act 
synergistically to promote recovery and that germ-line IgM as well as IgG is effective, but 


the mechanisms by which these systems interact have not been identified. 124192.” 


Clearance of infectious virus is rapid, while the decline in viral RNA occurs more 
slowly.°79°°15°8 After recovery from encephalitis or arthritis, viral RNA often remains 
detectable in murine tissues for life. Therefore, one consequence of a nonlytic mechanism for 
clearance of virus from tissue is that the virus genome is not completely eliminated if the 
originally infected cells survive.°79°°!!8 This leads to a need for long-term control of virus 
replication that is accomplished in part by infiltration and maintenance of antibody- 
producing B cells in the CNS.24°:697,638, 1008 


Antibody also is important for protection from infection.®°° Inactivated or replication- 


defective vaccines protect against EEEV, VEEV, and WEEV.**»7°!-78? Delivered before or 
shortly after infection, passive transfer of antibody can protect from acute disease, but may 


predispose to late disease.2°1:490877 


Cellular immunity 


Alphavirus infection induces virus-specific lymphoproliferative, cytokine, and cytotoxic T- 
cell responses.**°" After epidermal virus inoculation, Langerhans cells increase expression of 
MHC class II antigens and accessory and costimulatory molecules that enhance activation of 
naive T cells.*°? The mononuclear inflammatory process in response to alphavirus infection 
is immunologically specific and includes infiltration of NK cells, CD4* and CD8* T 
lymphocytes, B cells, and macrophages.47®620:638,646,658 Relative proportions of these 
mononuclear cells vary with the time after infection.42°°°*°4© T cells play a role in virus 
clearance and in protection from challenge.*4*!!°° Cytokines and chemokines increased in 
plasma during acute disease include IL-4, IL-6, IL-10, IL-12, IL-13, IFNy, CCL2, and 
CXCL10.4071 Mice lacking the ability to produce antibody can clear infectious virus from 
some populations of neurons through production of IFNy,°!°9 and IFNy down-regulates 
SINV replication in mature neurons in vitro through a JAK-/STAT-dependent 
mechanism.!!°""7 Viral RNA levels in the CNS of SINV-infected mice decrease more rapidly 


when CD8* T cells are present.*8° In animals infected with virulent strains of virus, cellular 
immune responses contribute to tissue damage and fatal disease and can be modulated by 
regulatory T cells.240490214, 515, 516,542,608,683,822 Frimans with persistent symptoms have 
prolonged elevations of IFN, cytokines, and chemokines indicating ongoing immune 
activanon ee 


Pathological Changes 


Encephalomyelitis 


Pathological changes in the CNS of humans with fatal neurologic disease and mice with 
experimentally induced encephalomyelitis begin with perivascular infiltration of 
mononuclear and polymorphonuclear inflammatory cells.°?9.*°-”°5 Adhesion molecules (e.g., 
ICAM-1, VCAM-1) are up-regulated on endothelial cells, and integrins LFA-1 and VLA-4 
are important mediators of mononuclear cell entry.**%9!°-9*° This phase of infection may 


include extravasation of red blood cells and endothelial cell swelling and hyperplasia.’ 
Lymphocytes and monocytes move from the perivascular regions to areas of the parenchyma 
with virus-infected neurons. This inflammatory process is accompanied by gliosis and 


evidence of inflammatory and glial cell apoptosis.?"! 
Neonatal mice and human infants may die with widespread virus-induced neuronal cell 
death before the inflammatory process, a manifestation of the cellular immune response, can 


be initiated.°’4 Immature neurons die by an apoptotic process,”°° while death of mature 
neurons may be characterized by cytoplasmic swelling, vacuolation, membrane breakdown, 


and cellular degeneration suggesting necrosis.°°!?/9°”4 Demyelination has been described as 
a consequence of EEEV and WEEV infection in humans®®7*,7°? and of WEEV, RRV, and 


SFV infection of mice, probably as a result of infection of oligodendrocytes.!*7°°.8°° 


Reticuloendothelial Infection 


The pathology of VEE in horses includes cellular depletion of bone marrow, spleen, and 
lymph node tissue and pancreatic necrosis.*°° Small mammals also develop widespread 
infection of reticuloendothelial system tissues and may develop fatal ileal necrosis.°172!10°° 


Arthritis 


In CHIKV- and RRV-induced arthritis, there is hyperplasia of the synovial lining, vascular 
proliferation, and mononuclear cell infiltration.4°”°*? Synovial fluid contains increased 
protein, CD4* T lymphocytes, activated NK cells and macrophages, and increased levels of 
monocyte chemotactic protein (MCP)-1/CCL2, IL-6, and IL-8.'8*.283.497 Evidence of 
persistent human infection as a cause of chronic arthritis includes the presence of RRV RNA 
5 weeks after onset of symptoms’~’ and CHIKV antigen and RNA in synovial macrophages 
18 months after acute disease.7°” 


Rash 


Skin biopsies taken from patients with RRV-induced rash show perivascular infiltration of 
lymphocytes (primarily CD8* T cells) and monocytes without evidence of immune complex 
deposition.*°4 


Release and Transmission 


A common feature of alphaviruses is their transmission by insects and maintenance in a 
natural cycle of replication in vertebrate and invertebrate hosts. Arthropod vectors become 
infected by feeding on a viremic host, are able to transmit the virus 2 to 10 days later 
(extrinsic incubation), and remain persistently infected. Maintenance of this cycle requires an 
amplifying host that develops a viremia of sufficient magnitude to infect feeding mosquitoes. 
For many alphaviruses, humans and horses are dead-end hosts unable to infect mosquitoes 
efficiently due to insufficient viremia. However, human—mosquito—human transmission has 
been important in epidemics of RRV-, ONNV-, and CHIKV-induced polyarthritis,-°°®*>-97° 
and equid—mosquito—equid transmission is important in epizootics of VEE.°!09%8 

Other modes of transmission are occasionally important. Horses infected with VEEV 
may shed virus in nasal, eye, and mouth secretions as well as in urine and milk resulting in 
the potential for respiratory and oral route.'°!“9° CHIKV can also be transmitted through oral 
secretions from animals with hemorrhagic manifestations*?? and during childbirth.!0°¢ 
Aerosol transmission of VEEV, CHIKV, and MAYV _ has occurred in laboratory 
settings, °1:464049,97198! and aerosolized VEEV has been developed as an agent of biological 
warfare.°°° EEEV persists in the feather follicles of infected pheasants, and transmission 


among penned pheasants can occur through feather picking and cannibalism.®°* Person-to- 
person transmission has not been reported.°7?-2!0 


Veterinary Correlates and Animal Models 


WEEV, EEEV, and VEEV, the first alphaviruses to be cultured, came to the attention of 
virologists because they caused fatal disease in horses and these viruses remain important 
equine pathogens.!0°719.599 EEEV and WEEV cause encephalitis in horses, while VEEV 
causes severe respiratory disease associated with leukopenia; encephalitis occurs with some 


epizootic strains. Getah virus causes an urticarial rash and hind leg edema in horses.°°? 
WEEV, EEEV, and Highlands J virus (HJV) cause disease in domesticated birds such as 


chickens, pigeons, pheasants, turkeys, and emus,?*20?269273.983,1009 and EEEV causes fatal 


disease in swine.**° The alphaviruses associated with arthritis in humans have not been 
recognized as important causes of disease in animals or birds. 


Good small animal models have been developed for many alphaviruses. In mice, 
alphaviruses generally infect lymphatic tissue, muscle, brown fat, brain, and spinal cord, but 
the extent and relative importance of infection at these sites differ among these viruses. For 
instance, RRV and Getah virus cause primarily myositis, VEEV causes reticuloendothelial 
infection, and WEEV and EEEV cause encephalitis with neurons as the main target 
cells.!42:73 Tn mice infected with relatively avirulent strains of SEV, RRV, and VEEV, the 
acute encephalitic phase is accompanied by infection of oligodendroglial cells and 
demyelination.!**®°° For all alphaviruses, fatal disease in immunocompetent mice is usually 
associated with CNS infection even if encephalitis is not a manifestation of the human 
infection. For instance, SINV and SFV infections of mice are studied as models for acute 
viral encephalitis although these viruses usually cause fever, arthritis, or rash, and rarely CNS 
disease, in humans.!4215%8.514,1007 Specifics of these animal model systems are discussed 
with the individual viruses. 


Virulence 


Virulence is a measure of the ability of the virus to cause fatal or severe disease. For most 
alphaviruses, this usually reflects the severity of neurologic disease, but disease in other 
organs can also reflect viral virulence. Outcome is influenced by characteristics of both the 
host and the virus. An early virus determinant of virulence is induction of IFN and 
susceptibility to IFN-mediated inhibition of replication. Viruses that induce IFN and are 
susceptible to IFN are generally attenuated.!®!19.194,288,300,905,933,1079 Wiost alphaviruses 
show an age-dependent susceptibility to disease.!*?°.2°%.079.711,878 Resistance increases with 
maturation and is associated with decreased virus replication in tissues at the site of virus 
inoculation and in target tissues (e.g., brain) and not with changes in induction of IFN or the 
ability of infected mice to mount a virus-specific immune response**”°*°7? although older 
mice increase ISG12 while young mice do not.°*® Avirulent alphavirus strains may replicate 
poorly even in newborn animals, while virulent strains can usually replicate well and cause 


disease in adult as well as newborn animals. The ability of a virus strain to cause fatal disease 
or a particular complication of infection is also often dependent on the genetic background of 
the host,22°°!4,936.975,1001 but the genetic determinants of susceptibility are just beginning to 
be identified.°!*9”° 


For encephalitic alphaviruses, another viral determinant of virulence is their ability to 
enter the CNS efficiently (neuroinvasiveness). Many alphavirus strains can cause fatal 
disease after intracerebral or intranasal inoculation, but not after subcutaneous or 
intraperitoneal inoculation, while others cause fatal disease after peripheral inoculation as 
well. The duration of viremia often correlates with virulence with virulent strains having 
slower clearance and sustaining longer viremias than avirulent strains.4°74°°° Peripheral 
replication, viremia, neuroinvasiveness, and neurotropism (ability to replicate in CNS cells) 
all contribute to virulence. 


The viral determinants of virulence have been most extensively studied in murine models 
for SINV, SFV, RRV, CHIKV, and VEEV infections. Viruses with altered virulence have been 
selected after chemical mutagenesis,*!!? by passage in tissue culture,’?.2074849549% by 


passage in mice,°°!°99° by isolation of mAb escape mutants!°°* or plaque variants,*°° and 
by manipulation of cDNA virus clones. Nucleotide and amino acid changes affecting 
virulence have been mapped to the 5’ UTR, nsP1, nsP2, nsP3, E1, and E2, particularly the 


receptor-binding regions of the A and B domains!°°? (Fig. 6.4). Specifics are covered in the 
sections dealing with each of these viruses. 


Persistence 


There is substantial evidence that alphaviruses can persist after appearance of an immune 
response and clearance of infectious virus from the circulation and from tissue.°°? An active 
inflammatory process is present in CNS tissue from human cases of progressive WEEV 
months to years after resolution of acute encephalitis.’°!-”°° Viral RNA and proteins can be 
detected in the nervous system long after recovery of mice from SINV- or SFV-induced 
encephalitis and in the joints of humans and mice with CHIKV- and RRV-induced 
arthritis.279°793,383.407,485,950,638,925,1008 Trt ig postulated that this persistence of RNA is due to 
failure of the virus or the immune system to eliminate infected cells. Interestingly, passive 
antibody protection predisposes to transmission persistent infection and the late onset of 
progressive disease.490877 


Congenital Infection 


Alphaviruses can be transmitted transplacentally. This has been documented in mice for RRV, 
SFV, VEEV, and Getah virus!?®:644932 and in humans for RRV, WEEV, VEEV, and 
CHIKV.?:28°-467,891,988 Th mice, the virus infects the placenta where it is able to persist and 
spread to the fetus despite the development of maternal antibody. The outcome of fetal 
infection is dependent on the timing of infection relative to transfer of maternal antiviral IgG 


to the fetus. Fetuses are protected if transfer occurs prior to infection, but transfer of antibody 
after fetal infection does not mediate recovery.°*! In monkeys, congenital infection with 
VEEV induces malformations of the brain and eye.°”° In humans, no abnormalities were 
observed in infants infected with RRV at 11 to 19 weeks' gestation; however, earlier infection 
may lead to fetal death.°? Epidemics of VEE are associated with increases in spontaneous 
abortion.®1°-1°57 No effect on pregnancy outcome was identified during the CHIKV outbreak 
on Réunion Island,*°° although perinatal infection rates have approached 50% in Latin 
America.?°° 


PATHOGENESIS AND PATHOLOGY IN 
MOSQUITOES 


The ability of alphaviruses to infect mosquitoes efficiently with dissemination to and 
replication in the salivary glands is essential for maintaining the natural cycle of 
transmission. Not all mosquitoes taking a blood meal from a viremic host will become 
infected, and not all infected mosquitoes develop disseminated infections required for 
transmission. Many alphaviruses preferentially infect a narrow range of mosquito species, 
and this host specificity plays an important role in determining the geographic distribution of 
the virus. Even within a species, strains of mosquitoes may vary in susceptibility to infection. 
Ae. albopictus collected from different geographic regions show differences in susceptibility 
to infection with CHIKV and in the amount of virus produced after infection.9’* Field and 


laboratory populations of Culex tarsalis differ in susceptibility to WEEV.‘!° These 
differences may reflect geographic genetic variation or differences in the microbiome 
composition, which can affect innate immune activity and responses as well as susceptibility 
and transmission. Strains of virus also differ in their abilities to infect mosquitoes, and 


laboratory-adapted strains may establish infection relatively inefficiently.°”%®79.876.1019.1023 
The extrinsic incubation period, or time between taking an infected blood meal and 


ability to transmit infection, is dependent on the rapidity of virus replication and 
dissemination to the salivary glands. This period is relatively short (2—7 days) for 


alphaviruses compared to other arboviruses.?78°7° 


Entry and Sites of Primary Replication 


Posterior midgut epithelial cells are the initial sites of infection,!00.°777°87310° and 


infection is facilitated when virus in the serum is concentrated next to these cells as the blood 
meal clots (Fig. 6.8).!°°! Susceptibility of mosquitoes to alphavirus infection is determined in 
large part by the ability of the virus to infect midgut epithelial cells.4!2-*°”°”° Changes both 
in the virus and vector can affect this interaction.!°°° WEEV rapidly fuses with microvillar 
membrane preparations from Cx. tarsalis mosquitoes, and both WEEV and CHIKV bind 
better to membranes from susceptible mosquitoes than to membranes from refractory 


mosquitoes*!*-°° consistent with a role for viral structural proteins as determinants of vector 


specificity, midgut infection, and dissemination.’°?:1000-1020,1023 Natural mutations in both the 
E2 and E1 proteins of CHIKV increase initial infection of Ae. albopictus midgut cells to 
permit more efficient transmission by this invasive species.’°2°°9 nsP3, a determinant of 
vector transmission by ONNYV, the only alphavirus transmitted by Anopheles mosquitoes, is 
sufficient to confer CHIKV infection competence for these mosquitoes.°7°.8°8 


M 


FIGURE 6.8 Diagram of mosquito internal anatomy showing the essential sites 
for alphavirus infection. BL, basal lamina; L, lumen; F. foregut; M, midgut; ME, 
midgut epithelium; MV, microvilli or brush border; SG, salivary gland. (Adapted 
from Weaver SC, Scott TW, Lorenz LH, Lerdthusnee K, Romoser WS. 
Togavirus-associated pathologic changes in the midgut of a natural mosquito 
vector. J Virol 1988;62(6):2083-—2090.) 


Receptors for mosquito infection by alphaviruses remain enigmatic. The high-affinity 


laminin receptor A can serve as a receptor for VEEV and SINV on the surface of C6/36 
larval Ae. albopictus cells,°°!!°° and proteins of 60 and 38 kDa have been identified as 


putative receptors for CHIKV on brush-border membranes from Ae. aegypti.°°° However, the 
roles of these proteins remain unclear because their distribution does not explain alphavirus— 
vector specificity. The recently identified cell adhesion molecule Mxra8, which serves as a 
receptor for arthritogenic, but not encephalitic alphavirus infection of vertebrate cells, does 


not appear to have a mosquito ortholog.!!°8 


Host cell membrane cholesterol levels affect the efficiency of alphavirus entry.°/ 
Mosquitoes, like other insects, do not synthesize cholesterol and obtain sterols needed for 
reproduction and development from dietary blood. Cholesterol-independent mutants of SFV 
replicate better than parental SFV in cholesterol-depleted C6/36 cells and in adult Ae. 


albopictus mosquitoes.?° 


Replication in midgut epithelial cells is regulated by the RNAi innate antiviral response 
that is triggered by virus-derived dsRNA and siRNAs.!°®-47°.487,.678 RNAi affects infection 
rate of the midgut, intensity of infection, and virus dissemination to secondary tissues and is 
probably an important determinant of vector competence, which depends on modulating 


virus replication to allow the vector to survive for transmission.*’°*®” In addition to small 
RNAs, CHIKV-infected mosquitoes generate a viral-derived DNA (vDNA) that is essential 


for viral tolerance and survival.?2! 


Spread 


For the mosquito to become capable of transmission after a viremic blood meal, virus must 
disseminate from the midgut into the hemocoel to reach the salivary glands via the 


hemolymph.®”° Virus buds primarily from the basolateral surface of the infected midgut 
epithelial cells and accumulates next to the basal lamina,°”° a layered structure composed of 
mucopolysaccharide that acts as a barrier to hemocoel entry. Dissemination of SINV from the 
midgut of Ae. aegypti mosquitoes is dependent on expression of endosomal proteins 
UNC93A and synaptic vesicle-2.!°9 Replication of ONNV in Anopheles gambiae is 
controlled by expression of heat shock protein cognate 70B.°°*°? Although the basal lamina 
surrounding the midgut appears to be a major barrier to dissemination, it is degraded by 
matrix metalloproteinases during blood meal digestion, probably providing an opportunity 
for virus escape into the hemocoel.?*° Infected midgut epithelial cells can degenerate and 
slough into the lumen 36 to 48 hours after infection, and this process may facilitate 
penetration of the virus into the hemocoel.®7°-10°° 

Infection of salivary gland acinar cells requires that the virus again traverse a basal 
lamina, a process that may depend on hemolymph titer and replication in adjacent organs 
such as the fat body, an important site for virus amplification.!°47'? Other organs may or 
may not become infected. In addition to the midgut, EEEV infects the fat body, muscle, and 
salivary glands without involving the nervous system or the ovarioles,®”?!°9 while VEEV 


1047 96 


infects the nervous system’**’ and SINV infects respiratory tissue. 


Once salivary gland infection is established, virus matures by budding into apical cavities 
or randomly into vesicles, basolaterally and apically. This process may be associated with 


cytopathic changes in the salivary glands.°* The rapidity of virus replication and 
dissemination to the salivary glands is dependent on the ambient temperature and can be as 


short as 2 to 3 days for EEEV®” or CHIKV.*7® Higher temperatures may accelerate the 
alphavirus transmission cycle in warm months,’??!°% although WEEV transmission by Cx. 
tarsalis can decrease with temperatures greater than 30°C.’*° In general, virus content of an 


individual mosquito reaches a peak within 4 to 7 days after infection.°*~®”° Some tissues 
(e.g., fat body) produce large amounts of virus, while others (e.g., head ganglia) produce 


small amounts and others (e.g., ovarioles and malpighian tubules) remain virus-negative.°° 


Vector competence for alphaviruses is also dependent on the microbiome**®* and the 
introduction of endosymbiotic Wolbachia bacteria into Ae. aegypti and Ae. albopictus 


decreases vector competence for CHIKV2>°> °°’; conversely, CHIKV infection alters the 


microbiome diversity in Ae. albopictus.''!4 In a Drosophila cell culture model, a comparable 
effect of Wolbachia on SFV infection involves early inhibition of viral genome replication 
without a role for the bacterial transcriptional response of the insect cell small RNA 


pathways.’78 

For transovarial transmission to occur, virus must be able to infect oocytes early in 
development. Failure to infect ovarioles precludes efficient transovarial transmission of most 
alphaviruses.?°7!2.873,1047 However, the presence of RRV and CHIKV in field-caught male 


mosquitoes suggests that vertical transmission can occur.°©»7°*9/8 Eggs can also be infected 
after they have been fertilized. Low levels of vertical transmission have been documented in 
the laboratory for RRV in Aedes vigilax, for SINV in Aedes australis, and for CHIKV in Ae. 


aegypti and Ae. albopictus,'’*°!®’*! and venereal transmission of the latter has also been 
reported.°!© Vertical transmission in nature has been reported for RRV, SINV, and 


WEEV.7!%:291965 However, reports of the persistence of CHIKV RNA without the presence 
of infectious virus after putative vertical transmission underscore the need to perform 


infectious assays rather than relying on RT-PCR alone. !°°8 


Pathology, Persistence, and Host Response 


Although generally considered to be benign for the invertebrate vector, alphavirus infection 
may generate CPEs in the vector midgut and can reduce survival and reproductive 


capacity.2”4°8”5 The IMD pathway of innate immunity can be activated by infection to 
decrease virus replication.°* Suppression of the RNAi response increases virus replication 
and mosquito mortality after infection.‘°°+”© Mosquitoes generally remain infected and 
infectious for life,°4+°”° although WEEV transmission efficiency decreases with time after 
peaking about 7 to 10 days after oral infection.’°° In the fat body and salivary glands, EEEV 


infection is persistent, although titers decline after the acute phase of infection, decreasing 
efficiency of transmission.°7?:10°9 


ALPHAVIRUSES ASSOCIATED PRIMARILY 
WITH ENCEPHALITIS 


Eastern Equine Encephalitis 


EEE was first recognized as a disease of horses in the northeastern United States. In the 
summer of 1831, more than 75 horses died in 3 coastal counties of Massachusetts.?/2 
Between 1845 and 1912, epizootics were recorded on Long Island, in North Carolina, New 
Jersey, Florida, Maryland, and Virginia.*’*°”° The virus responsible for EEE was first 
isolated in 1933 from the brains of affected horses in New Jersey and Virginia during a 
widespread outbreak that also involved coastal areas of Delaware and Maryland.'°° A South 
American virus originally considered a subtype of EEEV, but recently reclassified to the 
species Madariaga virus (MADV), was first isolated in 1936 from a horse in Argentina.®°8 
Although human EEE was suspected earlier, it was not demonstrated until 1938 when an 
outbreak in the northeastern United States resulted in 30 cases of fatal encephalitis in 
children living in the same areas as equine cases. At that time, EEEV was isolated from the 
CNS of humans, as well as from pigeons and pheasants.27*10© 

Based on seasonality, location of cases near salt-marsh areas, lack of evidence of 
transmission from horse-to-horse through contact, short period of equine viremia, and 
geographic distribution of cases, it was postulated that insects transmitted infection and that 
birds were likely to be the reservoir hosts.°© The first arthropod isolates were actually from 
chicken mites and lice that can transmit infection only inefficiently.2°+°”° Transmission of 
EEEV by Aedes sollicitans in the laboratory was accomplished in 1934,°°° and subsequently 
multiple Aedes species were shown to be competent vectors. However, recovery of EEEV 
from naturally infected mosquitoes did not occur until 1949 with isolates from Mansonia 
perturbans in Georgia*!? and Culiseta melanura in Louisiana.'°’ Subsequent work showing 
the competence of Cs. melanura and a consistent association between infected birds and the 
isolation of virus from this vector has led to the current understanding that Cs. melanura is 
the primary enzootic vector for North American EEEV (NA-EEEV) strains.2197°28875 
However, in some Gulf Coast regions, Culex mosquitoes are considered the primary enzootic 
vectors. !9° 


Epidemiology 


NA-EEEV causes localized outbreaks of equine, pheasant, and human encephalitis in the 
summer. NA-EEEV is enzootic in North America from Maine southward along the Atlantic 


seaboard and Gulf Coast to Texas, in the Caribbean, and in Central America*!* (Fig. 6.9). 


Inland foci exist in the Great Lakes region and have extended to South Dakota and 
Quebec.!7°.°°” In the northeastern United States, the primary enzootic cycle is maintained in 


shaded swamps where the vector is the ornithophilic mosquito Cs. melanura*”®”° (Fig. 6.10). 
Modeling suggests that in Florida, transmission is associated with tree plantations and 


cardinal abundance.*°!4”” In most locations, birds are the primary reservoir host and many 
species are susceptible to infection.49° The amplifying species for NA-EEEV are wading 


birds, migratory passerine songbirds, and starlings.'9729?>°%.°5 Young birds are probably 
important for virus amplification because they are more susceptible to infection, have a 


prolonged viremia, and are less defensive toward mosquitoes.!%” In addition to occasional 


mammalian blood feeding by Cs. melanura,°°® multiple mosquito species, such as 
Coquillettidia perturbans, Ae. (Ochlerotatus) canadensis, and various Aedes species, may 


serve as bridge vectors for transmission to susceptible mammals.*°!9-4>87> In temperate 
areas, the virus is probably periodically reintroduced from subtropical areas of year-round 


transmission by migratory viremic birds or wind-borne infected mosquitoes.°21105°.1077,1099 
Reptiles and amphibians with viremias that are prolonged and persist through hibernation 


may maintain the virus focally.9°19°951976 There is no convincing evidence for 
overwintering in mosquitoes and ovarioles are not involved after experimental EEEV 


infection of Cs. melanura.®”2 
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FIGURE 6.9 Geographic distribution of EEEV. The map shows the locations for 
isolation of NA-EEEV (subtype I) and the three SA-EEEV lineages (subtypes I, 
II, and IJ; now Madariaga virus). (From Weaver SC, Powers AM, Brault AC, 
Barrett AD. Molecular epidemiological studies of veterinary arboviral 
encephalitides. Vet J 1999;157(2):123-138.) 
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FIGURE 6.10 Enzootic transmission cycle of EEEV in North America. This is 
an example of an alphavirus that uses a species of mosquito with different host 


preferences to bridge from the enzootic avian-ornithophilic mosquito (Culiseta 
melanura) cycle to infect mammals such as humans and horses. In Alabama, 
Culex (Melanoconion) spp. mosquitoes with broader host feeding patterns serve 
as enzootic EEEV vector, as they do for the closely related Madariaga virus in 
Central and South America, where rodents may also serve as enzootic hosts in 
addition to birds. Similar mechanisms are operative in transmission of Sindbis 
virus to humans. 


MADV, originally comprising three antigenic South American subtypes of EEEV (SA- 
EEEV), is enzootic in Central and South America including the Amazon Basin (Fig. 6.9).!°° 
In South and Central America, the enzootic cycle is maintained in moist forests where Culex 
(Melanoconion) spp. appear to be the primary vectors.®”>!°° Forest-dwelling rodents, bats, 
and marsupials are frequently infected and may provide a reservoir, but these transmission 
cycles are not well characterized.*°°” 


Morbidity and mortality 


EEEV is the most virulent of the encephalitic alphaviruses with a high mortality due to 
encephalitis. Most cases are associated with exposure to wooded areas adjacent to swamps 
and marshes!7° with more cases in males than females.*°?°°” Children under 10 years of age 
are most susceptible*°? with 1 in 8 infections resulting in encephalitis compared to 1 in 23 for 
adults.°** The case-fatality rate was 60% to 70% in earlier studies and 30% to 50% in more 
recent studies, with the highest rates in children and the elderly?*°-°80.96.©82,683 Most strains 


of MADV appear to be much less virulent, but lineage III viruses can cause fever and 
encephalitis, 17:87-146.155.217,837 


Origin and spread of epidemics 


In the northern part of the North American range, human and equine cases of EEE occur 
between July and October, while in the southern region, cases can occur throughout the 
year.’’° In the Caribbean, outbreaks appear to be linked to virus introduction by southbound 
migratory songbirds.?”° In North America, human and equine cases usually occur near 
hardwood freshwater swamps maintaining enzootic transmission among passerine birds. 
Outbreaks are initiated when the virus spreads from the enzootic cycle involving 
omithophilic mosquitoes into mosquito populations that feed on a wider variety of hosts (Fig. 
6.10). Multiple species of mosquitoes with catholic feeding habits have been implicated as 
potential bridge vectors in different regions.°?»!9%4.712,851875 

Cases of equine encephalitis are usually the first indication of an outbreak. In the absence 


of equid immunization, epizootics appear approximately every 5 to 10 years and are 
associated with heavy rainfall and warmer water temperatures that increase the populations 


of enzootic and epizootic mosquito vectors.°*’ Many epidemics have occurred in 
Massachusetts and surrounding states,7°?-°°” but the largest recorded outbreak occurred in 
1947 in Louisiana and Texas with 14,344 cases of equine encephalitis and 11,722 horse 
deaths. The virus is widespread, but since 1955, only an average of 8 cases of EEE have been 
diagnosed in humans each year°°’ (Fig. 6.11). Recently, outbreaks and enzootic EEEV 
activity have been detected as far north as Vermont, Maine, and Nova Scotia, suggesting a 
northward expansion.’®°°798°.859 As of late October, 2019, more than 30 human EEE cases 
were reported in the United States, the most in over 50 years 
(https://www.cdc.gov/easternequineencephalitis/index.html). 
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FIGURE 6.11 Numbers of human cases of eastern equine encephalitis reported 
annually in the United States since 1964. Based on data from the Centers for 
Disease Control and Prevention. 


Molecular epidemiology 


Antigenic differences between EEEV and MADV (formerly SA-EEEV) have long been 
recognized,'°? and the viruses can be distinguished by reactivity with mAbs to the E1 
glycoprotein,®!° as well as by neutralization assays.'°! Based on their sequence divergence as 
well as ecologic and pathogenesis differences, the three SA-EEEV lineages were recently 


classified as a different alphavirus species, MADV.°” Sequence comparisons indicate that 
EEEV/MADV has evolved independently in North and South America for thousands of years 


or longer reaching 23% to 24% nucleotide and 9% to 11% amino acid sequence divergence.?” 
There is one lineage of EEEV and three lineages of MADV: on the coasts of South and 
Central America (originally EEEV lineage II), in the Amazon Basin (lineage II), and in 
Brazil (lineage IV)!01-'°° (Fig. 6.9). Isolates of EEEV are highly conserved, differing over a 
large geographic range and nearly 100 years by less than 3% in nucleotide sequence 
consistent with birds as highly mobile vertebrate reservoir hosts. The calculated annual 


nucleotide substitution rates are 2.1 x 10-4 for MADV and 2.7 x 104 for EEEV.101 10° EEEV 
enzootic in Florida appears to be the source of frequent introductions into the northeastern 


United States.°°’ The two main lineages of MADV (II and III) exhibit 17% to 21% 
nucleotide divergence and 3% to 5% amino acid divergence and are evolving at a slower rate 


(1.2 x 10-4 substitutions/nt/year).°” MADV lineages appear to be evolving locally, consistent 
with small mammals as the reservoir hosts.?”7!92-19© The recent detection of MADV in Haiti 
suggests a possible expansion in its geographic range.°’ 


Clinical Disease and Pathology 


Illness caused by infection with EEEV may consist of 1 to 2 weeks of fever, chills, malaise, 
and myalgias followed by recovery. In cases of encephalitis, these prodromal symptoms are 
followed by the fulminant onset of increased headache, vomiting, restlessness, irritability, 
seizures, obtundation, and coma.2°©2°42°9.90! Meningismus is frequent, and focal signs 
including cranial nerve palsies and hemipareses are not uncommon.7°°’”? Hyponatremia due 
to inappropriate secretion of antidiuretic hormone is a common complication, and edema of 
the face and extremities has been noted.*°°*°* Death typically occurs 2 to 10 days after onset 
of encephalitis. 

CSF examination shows increased pressure and white cell counts ranging from 10 to 
2,000/uL. Polymorphonuclear leukocytes are often abundant early in disease with a shift to 
mononuclear cells over the first few days of illness.2°°°°° The presence of red blood cells or 
xanthochromia is not uncommon.’’° CSF protein levels are increased, while glucose is low to 
normal.*°*’’° EEG findings are relatively nonspecific, usually showing slowing.*°° CT scans 
may be normal or show only edema.?°°7”° Magnetic resonance imaging (MRI) scans are 
more often abnormal with focal lesions most commonly observed in the thalamus, basal 
ganglia, and brainstem.*° 


Poor outcome is predicted by high CSF white cell count or severe hyponatremia, but not 


by the size of the radiographic lesions.2°° Recovery is more likely in individuals who have a 


long (5-7 days) prodrome and do not develop coma.’”??°" Sequelae, including paralysis, 
seizures, and cognitive deficits, are common, with 35% to 80% of survivors, particularly 


children, having significant long-term neurological impairment.2°©°47°9 
Histopathology on fatal cases demonstrates a diffuse meningoencephalitis with edema, 


widespread neuronal destruction, perivascular cuffing with polymorphonuclear as well as 
mononuclear leukocytes, and vasculitis with vessel occlusion in the cortex, basal ganglia, and 


brainstem. The spinal cord is frequently spared.*°**’*°°’ Virus antigen is localized to 


neurons and neuronal death is marked by cytoplasmic swelling and nuclear pyknosis.°°)??! 


Apoptotic glial and inflammatory cells are frequently found in the regions of affected 


neurons.2°4:201 


Veterinary Correlates, Host Range, and Animal Models 


EEEV is an important cause of disease in horses, pheasants, emus, and turkeys and can also 
cause encephalitis in penguins, sheep, deer, dogs, seals, and pigs.°%20%.273,300,983,618,854,962 
Horses develop signs of depression, progressive incoordination, seizures, and prostration. 


The case-fatality rate is 80% to 90%. Most survivors are left with neurologic sequelae.®”° 
Birds vary in their susceptibility, with some species developing disease, while many others 


show no morbidity or mortality despite a prolonged viremia.*?>°®* Chickens, turkeys, emus, 
and whooping cranes often develop fatal viscerotropic disease with multifocal necrosis in the 
heart, kidney, and pancreas and lymphoid depletion in the thymus, spleen, and 


bursa.73:369,1009 Pheasants develop encephalitis with 50% to 70% mortality, while penguins 
develop nonfatal encephalitis.°°°°°4 


Laboratory studies of macaques, marmosets, mice, guinea pigs, and hamsters generally 


confirm the neurovirulence of EEEV for mammals.!0%274971,729.823,937,1030,1095 Peripheral 
replication is in fibroblasts, skeletal muscle, and osteoblasts, while macrophages are resistant 


to infection due to restriction by hematopoietic cell-specific miRNA 142-3p.99%1090 
Macaques and marmosets develop encephalitis, while New World Aotus owl monkeys 


develop viremia without evidence of disease.2*® EEEV can initiate CNS infection in 
experimental animals by infecting choroid plexus epithelial cells or olfactory neurons.°’'?°7 


Young mice show extensive neuronal damage and rapid death.!°°° Older mice are more 
resistant to peripheral inoculation, but can develop fatal disease and after intracerebral 


inoculation develop seizures and die rapidly.*9°°’! Guinea pigs develop encephalitis after 


aerosol exposure to EEEV with neuronal death, inflammation, and vasculitis.°*? Hamsters 
develop a biphasic fatal illness with hepatitis and lymphatic organ infection followed by 


encephalitis characterized by extensive vasculitis and microhemorrhages.’° 


Virulence 


EEEV is generally more virulent than MADV in humans and most experimental 


animals.'®15°-875 Construction of chimeric viruses and testing in mice indicate that both 
structural and nonstructural proteins contribute to virulence.'* Viruses with a temperature- 
sensitive, small-plaque phenotype and decreased virulence for mice and hamsters have been 
selected after chemical mutagenesis.'!? One determinant of the neurovirulence of EEEV is 
the ability to bind HS. Increased E2 HS binding and miR2142-3p are associated with 
decreased tropism for lymphoid tissue and production of little IFN leading to increased 
likelihood of virus spread to the CNS.297:798:992,993 


Diagnosis, Treatment, and Prevention 


Diagnosis is based on virus isolation, detection of RNA, or serology (IgM or seroconversion 
for IgG). Virus can be isolated from CSF, blood, or CNS tissue by inoculation into newborn 
mice or a variety of tissue culture cells. Detection and identification of virus in field and 
clinical samples can also be accomplished through various nucleic acid amplification 
assays.°~” Antibody is usually measured by enzyme immunoassay (EIA) with detection of 
IgM in serum and CSF particularly useful.'*?'° Although specific therapies are in 
development for EEE,*°° currently treatment is supportive.’”? 


Infection in mosquito populations can be monitored by virus isolation, by nucleic acid 
amplification, or by seroconversion of sentinel pheasants or chickens. This information can 
be used to guide insecticide spraying to reduce adult and larval mosquito populations and 
prevent human cases. A formalin-inactivated vaccine (EEEV PE-6) is available for horses 
and emus and for investigational use in humans to protect laboratory workers. This vaccine 
does not induce significant neutralizing or anti-E2 antibody to MADV.°** Experimental 
vaccines include replicon particles and chimeric viruses and rationally attenuated 


viruses.246:729,786,823 


Western Equine Encephalitis 


Epizootics of viral encephalitis in horses were described in 1908 in Argentina, and in 1912, 
25,000 horses were estimated to have died in the central plains of the United States.®°? In the 
summer of 1930, a similar epizootic occurred in the San Joaquin Valley of California causing 
an estimated 6,000 cases of equine encephalitis. During this outbreak, WEEV was isolated 
from the brains of two affected horses by intraocular inoculation of another horse, and this 


virus was subsequently used to infect other animals.°°? WEEV was suspected at that time to 
be a cause of human disease, and in 1938, WEEV was recovered from the brain of a child 


with fatal encephalitis.4!° 


Mosquitoes were implicated in WEEV transmission when it was demonstrated that 
horses developed a viremia‘! and that experimentally infected Ae. aegypti mosquitoes were 


capable of transmitting the virus to horses.*”® However, it was not until the summer of 1941 
during a widespread epidemic in the northern plains of the United States and Canada that the 


virus was isolated from naturally infected Cx. tarsalis mosquitoes.*’' Subsequently, WEEV 


was isolated from Cx. tarsalis in other epizootic sites and recognized to be the principal 
vector. 


Other New-World WEEV Complex Viruses 


The WEE complex in the New World includes three viruses in addition to WEEV: HJV, Fort 
Morgan virus (FMV, including the subtype Buggy Creek), and Aura virus.'** These viruses 
have different ecological niches and vary in virulence. Only WEEV is recognized to cause 


human disease.!*® Viruses in the WEE complex found in the Old World (e.g., SINV and 
Whataroa virus) are discussed in the section on SINV. WEEV, HJV, and FMV all belong to 
the lineage that diverged since recombination between a SIN-like virus and an EEE-like 


virus.°°° Aura virus is a “prerecombinant” virus (Fig. 6.5). 


Highlands J virus 


WEEV-like viruses were first isolated in the eastern part of the United States in 1952, and in 
1960, the prototype HJV was isolated from a blue jay in Florida.°’? HJV is enzootic on the 
U.S. East Coast and is maintained in a cycle similar to that of EEEV with Cs. melanura the 
primary vector and migrating birds the primary reservoir. All alphaviruses in the WEEV 
complex isolated in the eastern United States are strains of HJV.°°° Rates of divergence of 
WEEV and HJV of 0.1% to 0.2% per year have been estimated.!”? HJV can occasionally 
cause encephalitis in horses*®? and is a recognized pathogen for a variety of avian species 


including turkeys, pheasants, partridges, ducks, emus, hawks, and whooping 
cranes, 2-263,360,1056 


Fort Morgan, Buggy Creek, and Stone Lakes viruses 


FMV and its close relatives Buggy Creek virus (BCRV) and Stone Lakes virus have been 
isolated from cliff swallows, sparrows, and swallow nest bugs.??°*+*!! These viruses are 


found primarily in the western regions of North America’**’*° and are transmitted to 
swallows and sparrows that parasitize swallow nests by cimicid swallow nest bugs (Oeciacus 


vicarius).‘!0-"!2,135,.708 These viruses cause encephalitis in nestling house sparrows, but are 
not recognized as pathogens for humans.’°” 


Aura virus 


Aura virus was isolated in 1959 in Brazil from Culex (Melanoconion) spp. collected near the 
Aura River and later from Aedes serratus in Brazil and Argentina.!°* This virus may be 
related to the New World “SIN-like” virus that recombined with EEEV to produce WEEV 
and related postrecombinant viruses.*”8*9 It is relatively nonpathogenic for mice and has not 
been linked to human disease. 


Epidemiology 

WEEYV is widely distributed in the western plains and valleys of the United States and 
Canada and in South America. In North America, WEEV is maintained in an endemic cycle 
involving domestic and passerine birds (particularly finches and sparrows) and Cx. tarsalis, a 
mosquito well-adapted to irrigated agricultural areas.'*® Occasional isolations have been 
made from Aedes melanimon and Aedes dorsalis, also competent vectors. There is evidence 
for a secondary transmission cycle involving Aedes melanimon and the _bDlacktail 
jackrabbit!*®°”4 in addition to the Cx. tarsalis—avian cycle. Increased transmission is 
associated with greater abundance of Cx. tarsalis.°' Serosurveys and virus isolations provide 
evidence of natural infection in chickens, pheasants, rodents, rabbits, ungulates, tortoises, and 
snakes. In some areas of South America, most mosquitoes from which WEEV has been 
isolated feed primarily on mammals, and antibodies are common in small mammals 
including rats and rabbits, while in other areas antibodies are found primarily in birds.89410°° 
A survey of horses in the Pantanal region of Brazil found 36% seropositivity for WEEV.’°° 
Interseasonal persistence can occur in saltwater marshes perhaps by overwintering in 
adults. 49°" 


Morbidity and mortality 


WEE V in the western United States has caused epidemics of encephalitis in humans, horses, 
and emus, but the case-fatality rate of 3% for humans, 20% to 40% for horses, and 10% for 
emus is lower than for NA-EEE’V. In older children and adults, males are two to three times 


more likely to develop disease than females.°’° The estimated case-to-infection ratio is 1:58 
in children under 5 years and 1:1,150 in adults.!*® Clinically apparent disease is most 
common in the very young and those over 50.°’® Severe disease, seizures, fatal encephalitis, 
and significant sequelae are more likely to occur in infants and in young children.7°°°°! The 
case-fatality rate rises to 8% in those over 50.°”° Accidental infections involving aerosolized 
virus in the laboratory have been reported and WEE’ is regarded as a potential bioterrorist 


threat.°°° The rare occurrence of significant human disease during equine outbreaks of WEE 
in South America may be related to the feeding habits of the vector or to a lower virulence of 
South American strains for humans and horses.70°.8°8 


Origin and spread of epidemics 

During the 20th century, large, often widespread, epidemics of equine encephalitis occurred 
from mid-June to late September in North America with significant spillover into the human 
population. These outbreaks correlated with regional increases in the population densities of 
Cx. tarsalis.’!° Major epizootics occurred every 2 to 3 years in the United States from 1931 
to 1952. In 1941, more than 3,400 human WEE cases were reported in the plains of the 


western United States and Canada with attack rates of up to 167 cases/100,000 population.!78 
During the 1952 epidemic in California's Central Valley, attack rates were 36 cases/100,000 


humans and 1,120/100,000 equids.'*® Seroprevalence in humans was 34% in rural areas of 
California endemic for WEEV in 19607°° but only 1.3% to 2.6% in similar areas in 1993 to 
1995.”°' Beginning in the late 20th century, human cases of WEE steadily declined with the 


last detected in North America in 1998” (Fig. 6.12) and in South America in 2009.*°° This 
decline does not appear to be due to a decrease in virus virulence or a change in vector 


competence,7°?:/97!104 but WEEV population declines and genetic drift could provide a 
partial explanation.’”°°* However, recent reverse genetic studies indicate no loss in fitness, 
suggesting ecologic changes as the explanation for the decline in WEEV circulation. 
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FIGURE 6.12 Numbers of human cases of western equine encephalitis reported 
annually in the United States since 1964. Based on data from the Centers for 
Disease Control and Prevention. 


In South America, both epizootic (equine-virulent) and enzootic (not associated with disease) 
strains circulate.®* Sequence analysis of the viruses found at the initial focus of the 1982 


WEE epizootic in Argentina suggested that the enzootic virus was the source of a virulent 
variant, which emerged by mutation or selection to cause the epizootic. An epizootic vector 


in South America is Aedes albifasciatus and rabbits may serve as an amplifying host.!°°° 


Molecular epidemiology 


WEEV has three major lineages: one was isolated during the 1982 to 1983 epizootic in 
Argentina, a second has been sampled in Brazil and Argentina, and a third is widely 
distributed in the western half of North America.’71°4!9° Within California, separately 
evolving lineages have been identified in the Central Valley and the southern part of the 
state.°09 


Clinical Features and Pathology 


WEEV causes encephalitis with signs and symptoms similar to those of EEE. Transmission 
can occur by aerosols as well as by mosquitoes.’°’ There is a 3- to 5-day prodrome of fever 
and headache that may progress to restlessness, tremor, irritability, nuchal rigidity, 
photophobia, altered mental status, and paralysis.*°*°°!*® Infants develop rigidity, seizures, 
and a bulging fontanel.*°*°*® Transplacental transmission results in perinatal infection 
manifesting within the first week of life as fever, failure to feed, and seizures.°7-°9! CSF 
pleocytosis is typical with 100 to 1,500 cells/yL. Neutrophils are present early in disease and 
mononuclear cells later.°*® In infants less than 1 year of age, approximately 60% of survivors 
have brain damage, and in some, the disease is progressive.°*®’°! Common problems are 
cognitive deficits associated with quadriplegia, spasticity, recurring seizures, cortical atrophy, 
ventricular dilation, and intracranial calcification.2°°7°*,0*9*’ In older individuals, recovery 
is typically rapid with remission of signs and symptoms within 5 to 10 days, and sequelae are 
less common (5%).* Increased susceptibility of the very young compared to adults is likely 
related to the maturation-dependent ability of neurons to respond to IFN and limit virus 
replication.!>° 

Pathology of acute cases of WEE shows leptomeningitis and perivascular cuffing with 
neutrophils in the earliest cases and lymphocytes, plasma cells, and macrophages at later 
times. In areas of neuronal degeneration, there is inflammation accompanied by endothelial 
hyperplasia, petechial hemorrhages, and glial nodules. Lesions are found primarily in the 
basal ganglia, brainstem, cerebellum, cerebral cortex, and spinal cord with areas of focal 
necrosis and demyelination in the subcortical white matter and basal ganglia.2°+70)709 

Occasionally in infants and children, there is pathologic evidence of progressive disease 
consistent with persistent infection.°*®/°*,7°° Individuals surviving months to years after 
onset of encephalitis (often with progressive disease) may have cystic lesions, gliosis, and 
demyelination with areas of active mononuclear inflammation.’°*”° 


Veterinary Correlates, Host Range, and Animal Models 


WEE was first recognized as a neurologic disease of equids characterized by fever, 
incoordination, drowsiness, and anorexia leading to prostration, coma, and death in 


approximately 40% of the affected animals.*!? Emus also develop symptomatic, often fatal, 


disease characterized by ataxia, paralysis, and tremors.°* As a part of its enzootic cycle, 
WEEV infects sparrows, finches, blackbirds, mourning doves, pheasants, cowbirds, 
swallows, and chickens. The virus can cause fatal disease in sparrows, while chickens, which 


are often used as sentinels, develop inapparent infection.’9” 
Experimentally infected newborn mice die within 48 hours after infection with 
involvement of skeletal muscle, cartilage, and bone marrow. In weanling mice, brain, heart, 


lung, and brown fat appear to be the primary target tissues.'* After intracerebral inoculation, 
there is infection of the choroid plexus and ependyma with spread to neurons and glial cells 


in the brain, cerebellum, and brainstem and to motor neurons in the spinal cord.°”! After 


intranasal inoculation, olfactory neurons are infected with subsequent neuronal spread.’*° 
After peripheral inoculation, WEEV replicates in skeletal and cardiac muscle cells, causes a 


necrotizing myocarditis, and occasionally spreads to the CNS.°’)°°? Virus is first detected in 


the cerebral circumventricular organs followed by centripetal spread via the neuronal axis.’*° 
Hamsters are more susceptible to WEEV-induced disease than mice with high mortality due 


to encephalitis after intranasal or intraperitoneal inoculation.*©! Neurons are infected and 
neuropathological changes include perivascular inflammation, microcavitation, and astrocytic 


hypertrophy.!!!* Cynomolgus and rhesus macaques are susceptible to intranasal and aerosol, 
as well as intracerebral, infection and develop dose-dependent signs of encephalitis with 
fever, tremors, and altered consciousness. Pathology shows encephalitis with infection of 


neurons accompanied by mononuclear inflammation.’°”!09° 


Virulence 


Variants of WEEV with decreased pathogenicity for mice and hamsters (e.g., B628 clone 15) 
have been selected by passage on CEF cells.!!!* Large-plaque strains tend to be more virulent 


than small-plaque strains.4°° Epizootic strains appear to be optimized for viremia and 
neuroinvasiveness and are generally more virulent for mice and guinea pigs than are enzootic 


strains.°* 83.975 North American isolates vary substantially in their virulence for mice, but are 
generally more virulent than South American strains.2°9°/?°8° Differences in mouse 
virulence are determined in part by E2 sequence changes.°™* 


Diagnosis, Treatment, and Prevention 


Diagnosis can be made by detection of WEEV-specific IgM in serum, by IgG 
seroconversion, or by isolation of virus in mice or cultured cells or by nucleic acid 


amplification.!*9°*2 Small molecule screening has identified lead compounds that inhibit 
WEEV replication and are partially protective in mice.*°*’ An inactivated vaccine is 
available for horses and as an experimental preparation for laboratory workers.’®° Preclinical 


studies of approaches to protection include activation of innate immunity,?’* DNA virus 
vectors expressing IFN or viral proteins, and chimeric alphaviruses.720.209.679;786,953, 1092, 1093 


Venezuelan Equine Encephalitis 


Equine disease was recognized in South America in the 1920s, and a virus (VEEV) was 
isolated from the brains of encephalitic horses in 1936 during an outbreak of equine 
encephalitis that may have spread from the central river valleys of Colombia into the Guajira 
region of Venezuela. This virus was antigenically distinct from the viruses causing equine 
encephalitis in the eastern and western portions of North America (EEEV and WEEV) and 
became the third encephalitic alphavirus identified in the Americas.’*°!* Between 1943 and 
1980, many VEEV-related viruses, including the prototypic Trinidad donkey (TrD) strain, ’® 
were isolated in South America, Central America, and southern regions of the United 
States.'4 The first reported human cases of VEE were in laboratory workers,'°!°*? and 
subsequently human disease was documented in the general population during equine 
outbreaks and virus was isolated from ill humans. ’82,848.1051 


Studies in Central America during this period indicated an enzootic cycle involving 
Culex (Melanoconion) spp. mosquitoes and rodents,7* and human cases in Colombia in the 
absence of equine disease also reflected enzootic circulation and spillover.°*° In 1969, an 
epizootic/epidemic of VEE appeared and spread from Peru or Ecuador and through Central 
America and into Texas causing human disease and a high mortality in horses.’* Virus 
isolations during the epizootic were primarily from Psorophora confinnis and Ae. sollicitans 
and Ae. taeniorhynchus mosquitoes and from horses suggesting that the epizootic and 
enzootic transmission cycles differed.*°*°*® The latest major epizootic/epidemic in 1995 
involved northern Venezuela and Colombia with an estimated 100,000 human cases.!0°7 


Other VEEV Complex Viruses 


Using a short-incubation (kinetic) HI test, isolates of viruses related to VEEV were originally 
classified into subtypes I to IV: VEE (I), Everglades (EVE, II), Mucambo (MUG, III), and 
Pixuna (PIX, IV).!°°8 When Cabassou (CAB) and AG80-663 (Rio Negro, RN) viruses were 
isolated and shown to be within the VEE antigenic complex, they became subtypes V and 
VI.'°+7!8 The VEE subtype I viruses were further subdivided serologically into IAB, IC, ID, 
IE, and IF (Mosso das Pedras)!°4!9°!,1098 and the MUC subtype III viruses into IIIA, IIIB 
(Tonate/Bijou Bridge), IIIC, and IIID.*9°1°°! Analysis of the phylogenetic relationships of 
the VEE complex viruses gained from sequencing led to a recognition of eight distinct 
species, with the species VEEV now comprising only subtypes IAB, IC, ID, and IE (Table 
6.1)92,63L770 (Fig. 6.13). 
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FIGURE 6.13 VEEV phylogenetic tree showing relationships of epizootic 
(colored red and orange) and enzootic/endemic strains (colored green). Strains 
are abbreviated with country followed by year of collection. The tree was 
generated using 817 nt sequences from the PE2 envelope glycoprotein gene 
using maximum likelihood methods. Courtesy of Naomi Forrester. 


1. Everglades—EVEV (subtype II) was first recognized in southern Florida in the 1960s 
in persons living near Everglades National Park. Transmission is widespread in Florida 
with Cx. (Melanoconion) cedecei as the primary vector and cotton rats (Sigmodon 
hispidus) the main vertebrate reservoir./®+!® Disease in humans is usually mild.*°9 

2. Mucambo—MUCY (subtype IIIA) was first isolated (strain BeAn 8) from a Brazilian 
monkey in 1954.!°° Three clades have been identified with temporally defined clades 1 
and 2 from Trinidad and clade 3 from Brazil.*°° The virus causes fatal disease in 
newborn and adult mice after intracerebral, but not peripheral, inoculation. 
Experimentally inoculated guinea pigs and horses survive infection.°°? More recently, 
genetically distinct subtype I1IC®°* and IIID!° VEE complex virus strains, now 
formally part of the species MUCV, have been identified in eastern Peru. All appear to 
be maintained in enzootic, sylvatic transmission cycles with direct spillover human 
infections documented only for IIIA and IND. 

3. Tonate—TONV (subtype IIIB) was first isolated in 1973 from a bird (Psarocolius 


decumanus) captured in French Guiana 


218 and subsequently from Cx. (Melanoconion) 


portesi.’*® The close relative TONV (strain Bijou Bridge) has also been recovered 
from cliff swallow bugs and birds in North America.°°? Human seropositivity is 11.9% 
in French Guiana with the highest rates in savannah areas.°° Infection is most often 


associated with a mild dengue-like illness, but fatal encephalitis has also been reported 
in a young child.*!° 

4. Pixuna—PIXV (subtype IV) was first isolated (BeAr 35645) from Anopheles 
(Stethomyia) nimbus mosquitoes in Belém, Brazil, in 1961°9? and has also been 
identified in Argentina.”°*”°° There is no evidence that it causes disease in humans or 
equids. 

5. Cabassou—CABV (subtype V) was first isolated (strain CaAr508) from mosquitoes in 
French Guiana in 1974.7'® CABV is not neurovirulent for adult mice or guinea pigs. 

6. Rio Negro—RNV (subtype VI) was first isolated (strain AG80-663) from Cx. 
(Melanoconion) delpontei near the Rio Negro in Argentina in 1980.'°4 RNV circulates 
in neotropical regions of Argentina®“+,’°*,’°° where it has caused outbreaks of acute 
febrile illness.'°” Suckling mice die within 2 to 3 days, but adult mice and guinea pigs 
survive infection.!°*° 


Epidemiology 

Enzootic VEE complex viruses are involved in perennially active transmission cycles in 
subtropical and tropical areas of the Americas (e.g., EVE in Florida; VEE ID and IE in 
Central America; IF Mosso das Pedras, MUCV (IIIA, C, D), PIXV, CABV, and RNV in 
South America). In enzootic areas, mosquito isolates are primarily from Culex 
(Melanoconion) spp. mosquitoes that live in tropical and subtropical swamps and forests 
throughout the Americas, with larval habitats often associated with aquatic plants and which 
typically blood-feed at dawn, dusk, and nighttime on a wide variety of rodents, birds, and 
other vertebrates.!476*297,339 Wild birds are susceptible to infection, but mammals, such as 
cotton rats, spiny rats, other rodents, and sometimes bats, are the most likely reservoir hosts 
of all but TONV, as determined by virus isolation, levels of viremia, serology and resistance 
to disease.o?149.252,339,361,1051 Although enzootic circulation is typically associated with 
sylvatic habitats, it also occurs in periurban regions with large numbers of human spillover 
infections.'4 


Morbidity and mortality 


Clinically evident, including fatal, human infection can occur with most, if not all, enzootic, 
as well as epizootic, VEE complex viruses.!42°94109°9,105! Humans living in areas of 
enzootic transmission have a high prevalence of antibody due to infection associated mostly 
with undiagnosed mild febrile illnesses, often assumed in the absence of laboratory 


diagnostics to be dengue.!42°2.399;799,863,955 During epizootics, human attack rates vary 
widely, but recent epidemic estimates approach 30%.°!° In some outbreaks, most infections 
are asymptomatic with the apparent-to-inapparent infection ratio estimates as low as 
1:119°7°°; however, attack rates up to 30% during 1995 suggest a much higher rate of 
symptomatic infection.®!° All ages and both sexes are equally susceptible to infection, but 


disease manifestations vary with age.®! Individuals under the age of 15 are more likely to 
develop fulminant disease with reticuloendothelial infection, lymphoid depletion, and 
encephalitis. In older children and young adults, a relatively benign influenza-like illness is 
most common.*?? Individuals over 50 are prone to develop encephalitis, but most recover.*°9 
The incidence of encephalitis in clinically ill humans is generally less than 5% and the 
mortality less than 1%.°!° Essentially all deaths occur in children. 


Origin and spread of epidemics 


Since the 1920s, VEE epizootics/epidemics have occurred at approximately 10- to 20-year 
intervals in cattle ranching areas of Venezuela, Colombia, Peru, and Ecuador when heavy 
rainfall leads to increased populations of epizootic mosquito vectors and when herd 
immunity decreases with equine population turnover.®!° Formalinized vaccines containing 
residual live virus were probably responsible for initiating all [AB outbreaks since the 1940s, 
including ones in South and Central America/Texas between 1969 and 19724 and another 
in Peru in 1973.7”°105 VEE complex viruses causing epizootics are members of subtypes 
IAB, IC, or IE, while enzootic viruses include ID, IE, and all other subtypes/species. During 
1995, a major IC outbreak occurred in coastal areas of Venezuela and Colombia causing 
disease in 75,000 to 100,000 people. This region had experienced a similar outbreak in 1962 
to 1964. Subtype ID VEEV strains obtained from mosquitoes and sentinel animals in western 
Venezuela and eastern Colombia when there was no epidemic activity have sequences that 
are closely related to the predicted epizootic IAB and IC progenitors, indicating that 
epizootic strains are not maintained in a separate cycle, but rather evolve by mutation from 
enzootic ID strains’’°.8°°1057 (Figs. 6.13 and 6.14). Epizootic potential is correlated with 
positive charge mutations in E2 that increase the level of viremia in equids and may also 
increase infectivity for the mosquito vector Aedes (Ochlerotatus) taeniorhynchus,?10?-34 
and one of these mutations was shown using reverse genetics to transform a subtype ID 
enzootic strain to an equine amplification-competent, subtype IC phenotype.*! During 
epizootics, horses are an important amplifying species, and susceptible equids provide a 
means for virus amplification and spread.9*° 
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FIGURE 6.14 Enzootic and epidemic/epizootic cycles of VEEV as an example 
of an alphavirus for which epizootic strains arise by mutation and selection for 


equine viremia or epizootic vector transmission from the enzootic virus. 


Detailed phylogenetic studies have delineated six major lineages of enzootic VEEV including 
five subtype ID strains and the subtype IE lineage (Fig. 6.13). All epizootic strains from 
major outbreaks fall into a clade nested within one of these lineages.'°°! Enzootic IE viruses 
were the source of epizootic IE strains in two recent equine epizootics in Mexico.’ 
Interestingly, these epizootic IE strains cause encephalitis in horses with little viremia.°*4+°"° 
A substitution in E2 that appeared prior to outbreaks along the Pacific Coast of Mexico 
appears to have adapted the local enzootic IE strains for more efficient transmission by Ae. 
taeniorhynchus. 


During outbreaks, VEEV has been isolated from several species of mosquitoes. Those 
most incriminated as VEEV vectors include Ae. (Ochlerotatus) sollicitans, Ae. 
taeniorhynchus, Psorophora columbiae, and Psorophora confinnis.2*°-'°>! After an epizootic, 
IC viruses may persist in a natural cycle and serve as a source for subsequent smaller 
outbreaks.°°7 


Molecular epidemiology 


Sequence analysis of the VEE complex viruses shows the greatest divergence for the E2 
glycoprotein and the C-terminal region of nsP3.27'177° At least five enzootic subtype ID 
lineages have been identified: Colombia and coastal Ecuador; Panama/Peru; Colombia, 
western Venezuela, and northern Peru; north central Venezuela; and Peru/Bolivia (Fig. 6.13). 
All epizootic IAB and IC strains are related to ID strains from Colombia, Venezuela, and 
Peru.’”°-1°5! Three distinct geographically separate IE lineages have also been recognized: 
northwestern Panama, Pacific Coast (Mexico and Guatemala), and Gulf/Caribbean Coast 
(Mexico and Belize).”°° 


Clinical Features and Pathology 


Infection with enzootic, as well as epizootic, strains of VEEV can cause significant human 
disease with the most common signs and symptoms being fever, headache, tremors, 
prostration, nausea, and vomiting that last 3 to 4 days.'* Accidental laboratory aerosol 
infections of young adults with epizootic strains of VEEV caused a febrile illness with the 
abrupt onset of chills, headache, myalgia, somnolence, vomiting, diarrhea, and pharyngitis 2 
to 5 days after exposure without evidence of encephalitis.°!7°9°*? Natural epidemic human 
infection was first described in 1952 in Colombia and subsequently in Venezuela during the 
1962 to 1964 outbreak that resulted in 32,000 human cases and 190 deaths.229492 The 1995 
outbreak in Colombia caused an estimated 75,000-100,000 human cases, 3,000 with 
neurologic complications and 300 deaths.®!°!°7 The case-fatality rate is 0.7% to 1%. 
Neurologic disease tends to appear 4 to 10 days after onset of illness with headache and 
vomiting the most common initial symptoms. Specific neurologic signs include focal or 


generalized seizures, paresis, behavioral changes, and stupor or coma.®!2!97 Children 
recovering from encephalitis may be left with neurological deficits, particularly seizure 
disorders.°“© Fetal abnormalities, spontaneous abortions, and stillbirths may occur with 
infection during pregnancy.®10-1057 


Laboratory studies often show lymphopenia. Pathology on fatal cases has shown 
myocarditis, focal centrilobular hepatic necrosis and inflammation, generalized lymphoid 
depletion, cerebral edema, and vasculitis.*°* Congenitally infected infants show severe 
neurologic damage with widespread necrosis, hemorrhage, and hypoplasia resulting, in the 
most severe cases, in hydranencephaly.!0°° 


Veterinary Correlates, Host Range, and Animal Models 


Enzootic strains of the VEE complex can infect horses, but these infections are typically 
asymptomatic or cause short-term fever, low-level viremia, and little clinical illness and may 
immunize horses against infection with epizootic strains (IAB, IC, and IE).°°*!°°! Equine 
disease induced by epizootic strains is characterized by fever, depression, and diarrhea 
leading to death 6 to 8 days after infection. Viremia persists until death with titers up to 10° 
infectious units/mL blood. Virus can also be recovered from eye washings, nasal washings, 
and urine. Leukopenia coincides with the viremia and is progressive in fatal cases. In animals 
that recover, antibody appears approximately 7 days after infection.4%° Pathology on fatal 
cases shows pancreatic necrosis and cellular depletion in the bone marrow, lymph nodes, and 
spleen. The brains of horses with signs of neurologic disease show swollen cerebrovascular 
endothelial cells, edema, extravasation of blood, and leukocytic infiltration into the 
perivenular spaces.°!%-49° 


Infection of macaques by aerosol or subcutaneous inoculation with enzootic and 
epizootic strains of virus elicits a biphasic febrile response—the first phase is coincident with 
the viremia and the second phase with termination of viremia, that is, the appearance of the 
immune response*!%-!,789 (Fig. 6.7). Leukopenia is common. Symptom signs are usually 
mild, consisting of anorexia, loose stools, irritability, and occasionally loss of balance, 
tremor, or myoclonus.°°!9°” Examination of tissues shows lymphocyte depletion early, mild 
hepatitis, myocarditis, and encephalitis. Lesions in the brain are found primarily in the 
olfactory cortex and basal ganglia and consist of lymphocytic perivascular cuffing and glial 
nodules.?!9 


Experimental infection of small laboratory animals with VEEV produces a variety of 
disease patterns. After subcutaneous inoculation of guinea pigs, rabbits, or hamsters with 
virulent strains of VEEV, there is a viremia. Virus replicates in the bone marrow, lymph 
nodes, spleen, and brain with rapid destruction of myeloid and lymphoid cells in lymph 
nodes, spleen, thymus, intestinal and conjunctival lymphoid tissue, liver, and bone marrow, 
damage to the intestinal wall and pancreas, cerebral hemorrhage, and neuronal cell 


death.?!9:441,1036 Death occurs 2 to 4 days after infection and may be associated with ileal 


necrosis, bacteremia, and endotoxemia.*°! EVEV, MUCV, and PIXV are progressively less 
virulent.44! 

In addition to myeloid and lymphoid necrosis, susceptible strains of mice develop 
encephalomyelitis leading to death in 6 to 9 days after infection with the TC-83 vaccine 
strain, as well as wild-type strains of VEEV.°!9-4258? After subcutaneous inoculation, virus 
replicates first in DCs or Langerhans cells that migrate to the draining lymph node where 


virus is amplified°*° (Fig. 6.6). Virus enters the CNS by the olfactory route after respiratory 
or peripheral inoculation, although cerebral infection can also follow hematogenous seeding 
of the circumventricular organs.’*® Initial infection is of olfactory epithelium with spread to 
olfactory neurons and then caudally to all regions of the brain, causing encephalitis and 


neuronal apoptosis. !°*492,99°.957,1029 Virus also infects the pancreas, liver, and teeth. Fatal 
disease has an immunopathological component dependent on the strain of mouse 


infected.'°!.9°’ There can also be transplacental transmission of infection." 


Virulence 


Comparative studies of the virulent TrD and avirulent TC-83 strains of the IAB serotype and 
construction of recombinant viruses have led to identification of the 5’ UTR (nt 3) and the E2 


glycoprotein (residue 120) as important determinants of VEEV virulence for mice.7°*49! 
Attenuated viruses infect DCs less efficiently and replicate less well in lymphoid tissue and 
in the CNS than virulent viruses.°°°°°° Virulence for guinea pigs is determined by both 
envelope and nonenvelope genes.°*!7°° Determinants of equine virulence are different from 
determinants of murine virulence, but also lie largely within the E2 glycoprotein.!0*°4+7/0 
Changes most frequently associated with acquisition of equine virulence for ID strains are 
replacement of uncharged residues with Arg at positions 193 and 213 of E2.°)1037 
Acquisition of surface charge changes in E2 is also associated with emergence of epizootic 
IE strains. !°? 


Diagnosis, Treatment, and Prevention 


Diagnosis can be made by virus isolation from blood or pharynx!?!°4°!97 or by 


documenting the presence of anti-VEEV IgM or a rise in IgG antibody. HI, CF, 
neutralization, or EIA tests can be used for serologic diagnosis and nucleic acid amplification 
for detection of viral RNA. Antibody responses to enzootic versus epizootic strains can be 


differentiated with an epitope-blocking EIA.!°*! 

Treatment is generally supportive, but passive transfer of antibody can protect mice 
before or up to 24 hours after challenge.?*°47°-4* The p-(—) enantiomer of carbodine, an 
inhibitor of cellular cytidine triphosphate synthetase, and antisense morpholino oligomers 
suppress VEEV replication in vitro and improve the outcome of infected mice.*°?.77° 


The earliest vaccines developed for horses and laboratory workers were formalin- 


inactivated preparations. ’°!’°° These vaccines had repeated problems with residual live virus 
producing disease and initiating equine-amplified outbreaks and with poor immunogenicity 
and are no longer in use.49*770155 A live attenuated vaccine (TC-83), developed by serial 
passage of the virulent TrD strain in guinea pig heart tissue culture cells,”° is protective for 
horses and laboratory workers, but 15% to 30% of recipients develop fever and pharyngeal 
viral shedding.”® Therefore, a formalin-inactivated TC-83 vaccine (C-84) was produced.*°’ 
Both the live and inactivated vaccines are immunogenic, but live TC-83 provides better 
protection against aerosol challenge in hamsters than C-84 and is therefore preferred despite 
the reactogenicity.“4* To produce a more optimal vaccine, several experimental DNA, 


inactivated, live attenuated, chimeric, and replicon particle vaccines are at various stages of 
development, !90.232,233,246,611,727,786,788,821 


A number of measures are effective in controlling outbreaks. These include immunizing 
equids, limiting equine movements from regions of infection, applying larvacides to 
mosquito-breeding sites, and spraying insecticides to control adult mosquitoes.°10948-10>! 
Protection of human populations relies primarily on personal protection from mosquito bites. 


ALPHAVIRUSES ASSOCIATED PRIMARILY 
WITH RASH AND POLYARTHRITIS 


Chikungunya 
An outbreak of a crippling arthritic disease of sudden onset was first recorded in the Newala 


District of Tanzania in 1952.°!* Retrospective case reviews have suggested that CHIKV 
epidemics in Africa, Asia, and the Americas occurred as early as 1779, but were confused 
with dengue.!*!3”° Because of the severe arthritic symptoms, the disease was given the name 
of “chikungunya” meaning “to walk bent over’ in the Kimakonde language of 
Mozambique.*°”°"* The virus, isolated in 1953 from serum and from Aedes spp. and Culex 


spp. Mosquitoes, was related to the group A arboviruses (Fig. 6.5).°*° Subsequent epidemics 
were recognized in the Transvaal of South Africa, Zambia, India, Southeast Asia, and the 
Philippines. From 2004 to 2007, a large epidemic affected islands in the Indian Ocean and 


India with spread to SE Asia and Europe,’°?®°! and in 2013 and 2014, CHIKV was 
introduced into the Caribbean and Central and South America.!:1054 


Epidemiology 
CHIKV causes epidemics of rash and arthritis in India, Southeast Asia, Indonesia, the 
Philippines, most of sub-Saharan Africa, and Indian Ocean islands with recent extension into 


southern Europe and the Americas??°>27803.97! (Fig. 6.15). In Africa, the virus is maintained 
in cycles similar to that of yellow fever virus. There is a rural cycle involving Aedes 


africanus, Aedes furcifer, nonhuman primates, and other mammals and an urban cycle 
involving Ae. aegypti or Ae. albopictus and humans.'’/:*!*,9°° In rural areas, the disease is 
endemic with small numbers of cases occurring most years.*!* In urban areas, outbreaks are 
sporadic and explosive with infection of a large proportion of the susceptible population 
within a few weeks.29-79°801812,813 Tn Asia, there is no evidence for a sylvatic cycle; rather, 
urban transmission is by Ae. aegypti and suburban rural transmission is by Ae. albopictus in a 


human—mosquito—human cycle.4°>°99:’©8 Laboratory-acquired infections have also been 
reported.?°! 
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FIGURE 6.15 Time course of worldwide spread and current geographic 
distribution of lineages of chikungunya virus along with the distribution of the 


relevant Aedes aegypti and Ae. albopictus mosquito vectors. Adapted from 
reference 805, with permission. 


Morbidity and mortality 


All ages and both sexes are susceptible and disease is usually self-limiting and rarely life 
threatening. However, approximately 0.3% of cases are atypical or severe with nephritis, 
hepatitis, meningoencephalitis, thrombocytopenia, or encephalopathy, and the case-fatality 
rate has been estimated at 1 in 1,000 with most of the deaths either in neonates infected 


peripartum, adults with underlying conditions, or the elderly.!°*72°°°18!! The epidemic on 


Réunion Island affected almost 40% of the population (estimated 300,000 cases) and led to 
an excess of 254 deaths.°0%%9°8°0 Infants infected at birth are susceptible to CNS 
complications including cerebral edema and hemorrhage resulting in long-term 
disabilities.2°7°°° Musculoskeletal symptoms are recurrent or persistent in approximately 
40% of adults and more likely to affect females than males.9°:!0°° 


Origin and spread of epidemics 


CHIKV is believed to have originated in sylvatic, enzootic African transmission cycles 
involving nonhuman primates and arboreal Aedes spp. vectors. However, this cycle was 
identified after the first epidemics were recognized in the 1950s in Africa and Asia (although 
outbreaks probably occurred for the past few centuries in both Asia and the Americas 
following the spread of both CHIKV and Ae. aegypti mosquitoes from Africa).2”°1°°° After 
an epidemic, the disease usually disappears from an affected region for years, probably due 
to herd immunity. An unprecedented series of epidemics began in Kenya in 2004 with spread 
to Comoros, Réunion Island, the Seychelles, Mauritius, and Mayotte in 2005. This epidemic 
strain, called the Indian Ocean Lineage (IOL), was derived from one of the two main African 
enzootic genotypes called the East/Central/South African (ECSA) lineage*”°.°? (Fig. 6.16). 
The same IOL strain subsequently spread from Africa to the Indian subcontinent and then to 
Southeast Asia with smaller outbreaks in France and Italy following imported cases.29°-”°° 
Some IOL strains increased their ability to be transmitted by Ae. albopictus, not previously 
implicated in CHIKV transmission, through a series of mutations in the envelope 
glycoprotein genes.4997:1073 Because susceptible urban vectors are widely distributed, 
travelers provide a source of CHIKV introduction into many other geographic 
regions.°?>»73;799 There is some evidence that virus can be maintained within mosquito 


populations by low rates of transovarial or venereal transmission.°!©78+978 
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FIGURE 6.16 CHIKV phylogenetic tree derived from nucleotide sequences 
encoding the two ORFs using Bayesian methods. The major enzootic lineages 
(West African and East/Central/South African) are shown as well as the two 
endemic/epidemic lineages that involve human—mosquito transmission cycles in 
urban settings: Asian and Indian Ocean Lineage (IOL). Endemic/epidemic 
strains circulating in the Americas from Asian and ECSA lineages are shown in 
red, and legend indicates the geographic locations of other strains. All posterior 
probability values were 1.0. (Courtesy of Rubing Chen.) 


Molecular epidemiology 


CHIKV is a member of the SFV complex evolved from an enzootic ancestor in Africa, and 
the first permanently endemic (human-amplified and Ae. aegypti—transmitted) virus was 
probably introduced into Asia about a century ago.!°*! Two distinct enzootic lineages exist, 
transmitted in sylvatic locations among nonhuman primates by arboreal Aedes mosquitoes: 
West African and ECSA7®®:769.869 (Fig, 6.16). All extant endemic/epidemic strains analyzed 
were derived from the latter.!°°272.470.869. 1031 Of the two endemic/epidemic lineages, only the 
IOL has adapted for more efficient transmission by Ae. albopictus. The Asian lineage, which 
was introduced into the Americas in 2013, is constrained by an epistatic interaction between 
threonine at E1-98 and the adaptive E1-226 alanine-to-valine substitution.2°° The second 
lineage to reach the Americas, from Angola into Brazil in 2014, is constrained in the same 
manner by a different epistatic interaction at E2-211, where a threonine residue is required 
for the effect of E1-226 to be realized,!°°° while isoleucine found in the Brazilian ECSA 
strain does not allow penetrance of the 226 substitution. Another constraint on this adaptation 
is the geographic source of Ae. albopictus; unlike other populations tested, this species 
derived from the Democratic Republic of the Congo is not more susceptible to the E1-226V 
mutant.!074 


After identification of the E1-A226 mutation, additional Ae. albopictus—adaptive 
mutations were identified in E2, all involving glutamine or glutamic acid substitutions of 
various amino acids.°”° Structural mapping of these mutations combined with their common 
derived amino acids allowed for additional Ae. albopictus—adaptive mutations, never 
observed in nature, to be predicted and confirmed experimentally. These results suggested 
that CHIKV has additional potential for adaptation to this invasive vector species. In addition 
to having two major epidemic vectors, IOL strains also appear to be more virulent than those 
of the Asian lineage.°0° 1097 


Clinical Features and Pathology 


The disease is of sudden onset with an incubation period estimated at 3 to 12 days.®!* No 
prodrome is recognized and most infections result in disease with children more likely than 


adults to have mild symptoms. !47°30809.907,908 Fever rises rapidly to 103°F to 104°F and may 
be accompanied by a rigor. The onset of fever corresponds to the period of viremia and may 
be related to the ability of this virus to induce large amounts of type I IFN, IFN pathway 


genes, and proinflammatory cytokines!7°.2©7,9°7,968.1045 (Fig. 6.7), Disease severity and levels 
of neutralizing antibody are associated with TLR3 polymorphisms.*°’ Monocytes are 
infected and are a source of IFN.°°°°°” Virus titers in blood can reach greater than 10° 


PFU/ml and virus load correlates with disease severity and IFN production. 471794078 Joint 
pain appears suddenly and can be incapacitating and chronic. Essentially any joint can be 


involved and pain may be accompanied by swelling and paresthesias.?~7°°°9! Headache, 
conjunctivitis, and gastrointestinal symptoms are common, and in 80%, a maculopapular rash 
appears 4 to 8 days after the initial illness. The rash may be associated with a second rise in 


fever (Fig. 6.7), lasts approximately 2 days, and is described as “irritating” or “itchy.”9?°!4 
Meningoencephalitis associated with CNS infection can result in death or permanent 
disability and is more common with CHIKV than with other alphaviruses causing primarily 


rash and _arthritis.°7308-90.811.844 Th addition, atypical cases with severe disease and 
increased mortality can develop hepatitis, myocarditis, bullous dermatosis, myelopathy, 


pneumonia, and diabetes.!7°178.226416,958,987 Fibroblasts in the skin and joints and satellite 


cells in the muscle are targets for infection.!°!’*? Leukopenia and thrombocytopenia are 
frequent.9175.407,1086 


There are multiple indications of virus persistence after resolution of acute infection. 
Episodes of joint pain and myalgia and detection of viral RNA and sometimes antigen often 


continue for many months to years after the original illness.°%9%204241407,820,866,928 Chronic 
pain is more likely in females and those over 60 years of age with a high viral load during the 


acute illness.4°7:1°8° Synovial tissue harbors persistently infected perivascular macrophages, 


fibroblast hyperplasia, activated NK cells, and CD4* T cells, but few CD8* T cells.4°7 
Cytokines are increased during acute infection, and persistent arthralgia is associated with 
elevated plasma levels of IL-6 and_ granulocyte—macrophage colony-stimulating 


factor.!7?:!79! Joint x-rays are usually normal or show soft tissue swelling without evidence 
of bone or joint damage, although bone erosion has been reported.*°2.°-°7 Osteoblasts can 


be infected and express osteoclast-activating factors such as IL-6 and RANKL.” In India, 
but not Africa, inguinal lymphadenopathy and red swollen ears are also observed as part of 


the clinical picture.!*7 


Animal Models, Host Range, and Virulence 


Mice and nonhuman primates can be infected with CHIKV.°°° In wild-type mice, disease 


severity is age-dependent.!?! Neonatal mice develop fatal disease.*!*°°! One- to two-week- 
old mice survive infection, but develop weight loss, difficulty walking, myositis, foot 
swelling, tenosynovitis, and vasculitis with virus replication in multiple organs, including the 


CNS.?80.661,111 7 ocal inoculation of adult mice causes biphasic foot swelling associated with 


macrophage and CD4* T-cell infiltration and production of inflammatory cytokines, 
particularly TNF, IFNy, and MCP-1.27>794827969 Virulence is associated with changes in the 
SUR misP3, and EZ eee ee 


Fibroblasts and macrophages are target cells for CHIKV infection in the periphery, 


recruited to sites of virus replication and a major source of IFN-a/B.*°*8*78 In the CNS, 
neurons and astrocytes are target cells with up-regulation of multiple innate response 
genes, 199,280,681,772 Adult IFN-a/B receptor (IFNAR)-, IRF3-/IRF7-, and STAT1-deficient 
mice develop fatal disease with replication in macrophages, liver, muscle, joint, and skin 
fibroblasts; occasional dissemination to the choroid plexus, leptomeninges, and ependyma of 
the CNS; and features of hemorrhagic shock.!9)299.299,825,864,865 Vinerin (Rsad2)-deficient 
and TLR3-deficient mice survive but have higher viremias, wider virus dissemination, and 
more joint inflammation than WT mice.°?”?°” Infection of pregnant mice does not result in 
fetal infection.!%° 


The adaptive immune response mediates much of the inflammation and is required for 
clearance of infectious virus.*”° Virus clearance is associated with production of antibody to 
the E1 and E2 surface glycoproteins.7°*4°%8> Antibody-deficient mice develop persistent 
infection even after infection with an attenuated virus strain.*°* Higher viral loads in TLR3- 
deficient mice are associated with decreased production of neutralizing antibody to a linear 
B-cell epitope in E2.°°’ Viral RNA persists in joint-associated tissues for months after 
infection.78*78° 

Adult cynomolgus macaques infected intravenously, subcutaneously, or intradermally 
develop a dose-dependent viremia, fever, rash, gingival bleeding, liver enzyme elevation, 
arthritis, and meningoencephalitis with astrocyte activation.29%47©°*° IFN-a/B production 
correlates with the viremia. Pathology shows persistent mononuclear cell infiltration into 
lymphatic tissue, joints, muscle, and liver associated with prolonged presence of CHIKV 
RNA in macrophages at these sites.°*° Pregnant rhesus macaques infected with enzootic West 
African and epidemic Indian strains of CHIKV develop viremia, rash, joint swelling, 
leukopenia, and cytokine increases after infection, but fetuses did not become infected 
providing further evidence that transplacental transmission is infrequent.!° 


Diagnosis, Treatment, and Prevention 


The primary differential diagnoses for CHIK fever are dengue and Zika and, in Africa, ONN 
fevers. Dengue and Zika overlap the CHIK geographic distribution extensively, but are 
characterized more by myalgia than arthralgia.4°° ONN is clinically similar, but has 
geographic overlap only in Africa (Fig. 6.17).'4* Routine laboratory parameters are variable 
and not particularly helpful in the diagnosis.”°? CHIKV can be isolated from plasma or 
detected by nucleic acid amplification during the initial fever.2°°4°77>87°° Detection of 
IgM antibody provides a means of early diagnosis and can persist for months, particularly in 
those with persistent symptoms.?~!°°.5° In some locations, slight cross-reactions in EIA with 


other SF complex alphaviruses such as RRV or MAYV must be ruled out.**4 


A 


Ross River 


FIGURE 6.17 Geographic distributions of several alphaviruses that cause 
epidemic polyarthritis and rash: O'nyong-nyong, Barmah Forest, and Ross River 
viruses. 


Treatment is generally symptomatic with anti-inflammatory agents, and in mice, inhibition of 
IL-1 signaling decreases bone loss and inhibition of MCP-1 synthesis decreases muscle and 
joint inflammation.®*7'°8” Passive transfer of immunoglobulin containing antibody to 
CHIKV can protect neonatal wild-type mice and IFNAR-/- mice from fatal infection.!9* IFN- 
a is protective in mice if given prior to infection and activity in peripheral joints is promoted 


at warm ambient temperatures.*°*’”4 


A live attenuated vaccine has been developed by passage of a CHIKV isolate from 
Thailand in MRC-5 cells.*°°°°4 This vaccine (strain 181/clone 25) induces long-term 
production of neutralizing antibody and can be used to protect laboratory workers from 
infection.°!9:’© A formalin-inactivated vaccine can elicit protective immune responses in 
mice.*°*979 Additional approaches to vaccination include DNA, chimeric and rationally 
attenuated engineered viruses, and virus-like particles with a measles virus—vectored vaccine 
recently shown to be safe and immunogenic in a phase 2 human trial.249-798.80 


O'nyong-Nyong 

In 1959, an outbreak of a new disease, originally mistaken for dengue, was reported from 
northwestern Uganda,°°*8° and it is likely that a similar epidemic occurred in the same 
region in 1904 to 1906.°°° The name o'nyong-nyong originated from one of the first tribes to 
be affected, the Acholi, and refers to the painful joints characteristic of the disease.°°* During 
the 1959 outbreak, ONNV was isolated from the serum of a patient with acute arthritis!°® 


and from anopheline mosquitoes.!°°* ONNV is a member of the SF complex and 
antigenically most closely related to CHIKV from which it is estimated to have diverged at 


least thousands of years ago.’°°-1°8? The virus reemerged in southern Uganda in 1996 to 1997 
suggesting a 30- to 50-year epidemic cycle.*°° In 1967, Igbo-Ora, now recognized to be a 
strain of ONNV,°°”-768 was isolated from humans in western Nigeria. 


Epidemiology 

ONNV causes sporadic, widespread outbreaks of fever, rash, and arthritis with high attack 
rates like CHIKV. The first epidemic recognized originated in northwestern Uganda in 1959 
and spread south and east to Kenya, Tanzania, Zaire, Malawi, Mozambique, and Zambia to 
affect greater than 2 million people.'°°> Another major outbreak occurred in southern Uganda 
in 1996.59 More recent evidence of widespread ONNV infection has been documented in 
West, Central, and East A frica.®0°!8:927,957,762,804,960 


The presumed enzootic vector and vertebrate reservoir host for ONNV are unknown. 
Interepidemic seroconversions and mosquito isolations suggest continuous sporadic 
transmission in East Africa, and it is possible that humans or nonhuman primates are the 
primary reservoir.?°° During outbreaks, ONNV is transmitted principally by Anopheles 
funestus and An. gambiae mosquitoes and is the only alphavirus known to be transmitted by 
anopheline mosquitoes.°?!08* Human—mosquito-human transmission occurs during 
epidemics, and spread from one region to another occurs through the movement of infected 
humans.®*° The most recent outbreak began near swamps and lakes in the rural Rakai district 
of south central Uganda in 1996. Serosurveys showed infection rates of 45% to 96% in areas 
of epidemic transmission with the ratio of apparent-to-inapparent infection ranging from 1:4 


to 1:24,°57654845 All ages and both sexes are equally susceptible.“°?’ Among domestic 
animals in the same region, cattle have the highest seroprevalence (40%),’°° but few animals 
have been studied, so the putative enzootic reservoir is not known. 


Clinical Features 


The onset of fever is sudden and often accompanied by a rigor. The characteristic syndrome 
includes joint pains, rash, lymphadenitis, and conjunctivitis. Fever is typically moderate 
(100°F—101°F) and lasts approximately 5 days. Joint pain most often occurs in the knees, but 
ankles, elbows, wrists, and fingers can also be affected. The pain usually lasts 6 to 7 days and 
is severe enough to be immobilizing in 80% to 90% of patients and can persist for up to 3 
months. The generalized morbilliform maculopapular rash erupts 4 to 7 days after the onset 
of symptoms and is similar to that of CHIK. It begins on the face and extends to the trunk 
and extremities occasionally affecting the palms. Cervical lymphadenopathy distinguishes 
the disease from CHIK, occurs in approximately half of the patients, and most frequently 
involves posterior cervical lymph nodes. Leukopenia is common. Fatalities have not been 


described, but morbidity is substantial.497°°7°4° 


Diagnosis 


The disease is often clinically confused with malaria, measles, dengue, and rubella,’°*8*° but 


also resembles CHIK. Virus can be isolated, or nucleic acid amplified, from blood early in 
the illness.8°-762:1085 Diagnostic serology includes a positive IgM EIA and neutralizing 
antibody to ONNV that is more than twofold greater than that to CHIKV.°*° IgM persists for 
about 60 days after infection.*?’ 


Ross River 


Epidemics of polyarthritis in Australia probably date from at least 1886, but were first clearly 
described in towns on the Murrumbidgee River in New South Wales in 1928 and then in 


troops stationed in the Northern Territory and Queensland during World War II.278499°% 
Serological studies suggested an alphavirus as the causative agent and RRV (strain T48) was 
first isolated from Ae. vigilax mosquitoes trapped near the Ross River in Queensland in 


1959.°78598 The first human isolate was made in 1971 from the blood of a child with 
fever.**! In 1979, RRV spread from Australia to Fiji, Samoa, and the Cook Islands causing an 


explosive outbreak of tens of thousands of cases of polyarthritis on these Pacific Islands.°”8 
Virus was first isolated from the serum of patients with polyarthritis during this epidemic. 


Epidemiology 


RRV is endemic throughout the coastal regions of much of northern and central Australia and 


epidemic in the rest of Australia, Papua New Guinea, and the Solomon Islands.®°!®-97° In 
general, the Wallace and Weber hypothetical lines in the Indo—Australian archipelago that 


separate the fauna of the Oriental and Australian regions appear also to have separated the 


geographic distributions of CHIKV and RRV°’® (Fig. 6.17). RRV is the most common 
mosquito-borne pathogen in Australia with approximately 5,000 cases reported each year, an 
annual incidence of 14 to 50/100,000 population, and 10-year seroconversion rates of 24% in 


some areas.°°! Cases are most common in the north and occur primarily in late summer and 


early autumn with some evidence of an increasing incidence.?’°°%*°?! Two salt marsh— 
breeding mosquitoes Aedes camptorhynchus and Ae. vigilax are probably the major vectors in 


coastal regions of Australia.°?! In inland areas, the freshwater-breeding mosquito Culex 
annulirostris is the major vector, and in urban areas, Aedes notoscriptus appears to be 


involved in transmission.®*! Both urban and rural cycles of transmission occur. A wide 
variety of mammals, primarily macropods such as kangaroos and wallabies and potentially 
pteropid bats, appear to serve as vertebrate hosts for the enzootic cycle, although placental 
mammals and birds have not been studied adequately to rule them out as 


reservoirs, 49:181,378,764,831,938 Tn urban areas, horses and brushtail opossums are likely 
involved in transmission.*”° 


Morbidity and mortality 


Infection rates can be as high as 1:30 during outbreaks.°°® Estimates of apparent-to- 


inapparent infections range from 1:3 to 1:1.°”°7°9 Seroprevalence and disease incidence are 
similar in males and females. Clinically apparent infections are rare in children and the 


highest incidence of disease is in the 25- to 40-year age group.?”°*4 


Origin and spread of epidemics 
In Australia, a wide variety of mosquito species is believed to be involved in RRV 


transmission.'®! Outbreaks are seasonal and have been associated with prolonged inundation 
of salt marshes due to increased tidal heights or heavy rains during the 


summert!9439,998,982,1082 and with a loss of herd immunity in reservoir populations.!*? In arid 
regions, outbreaks often occur within 2 or 3 weeks of heavy rains suggesting that RRV 


survives in desiccation-resistant mosquito eggs with vertical transmission.°°° This is further 
suggested by isolation of RRV from field-caught immature and male Ae. vigilax and Aedes 


tremulus mosquitoes.° 
Epidemic polyarthritis, initiated by a viremic traveler from Australia to Fiji, spread to 


several South Pacific Islands between 1979 and 1980 in explosive outbreaks similar to urban 
CHIK with a man—mosquito—man transmission cycle and Aedes polynesiensis as the 


vector.°'®973 Human viremias of greater than 10° mosquito IDso/mL have been 
documented.?”* Cases in travelers suggest that RRV has been reintroduced to Fiji,4°° and 
serosurveys in American Samoa and French Polynesia indicate ongoing silent 
circulation.4”°*4 


Molecular epidemiology 


Strains of RRV originally isolated from the northeastern (Queensland), southeastern (New 
South Wales), and western regions of Australia are antigenically and genetically 


distinguishable.4°*847:!089 However, the northeastern lineage has not been recovered since 
1977 and, along with the western lineage, has been replaced by the southeastern lineage.?-4°4 
This replacement accompanied the appearance of a duplication in the C-terminal 
hypervariable domain of nsP3 first identified in a strain recovered in 1979 from a patient in 
Fiji?+* The data suggest genetic divergence and independent evolution of RRV within 
geographically isolated enzootic foci consistent with mammals as a vertebrate reservoir.“ 
However, overall diversity is low, perhaps due to purifying selection.*°* Sequencing of 
intrahost populations of RRV reveals substantial diversity and evidence of mixed 
infections.°© 


Clinical Features and Pathology 


RRV infection most often induces fever, arthralgia, and rash (Fig. 6.7), but not all patients 
develop all three signs/symptoms.*°°.”! Usually, the illness has a sudden onset after a 7- to 
9-day incubation period. Fever is the initial symptom, is low grade, and is typically followed 
by the onset of pain, swelling, and tenderness in multiple joints. Joint involvement is usually 
symmetrical and both small and large joints can be affected. Characteristically, the rash 
appears on the 3rd or 4th day of illness; is maculopapular, nonpruritic, and present on the 
face, trunk, and extremities with occasional involvement of the palms and soles; and 
generally lasts 3 to 4 days. Frequent accompanying signs and symptoms include 
lymphadenopathy, lethargy, headache, myalgias, and photophobia. The average period of 


incapacity is 6 weeks and symptoms gradually resolve in most affected individuals over 3 to 
6 months.282:376380,570 


Examination of synovial fluid shows increased protein, CD4* T lymphocytes, 
monocytes, and activated macrophages and increased levels of RANKL, TRAP56, TNF, 
IFNy, and MCP-1.164:182.283.963 Cel] counts are moderately increased, ranging from 1,500 to 
15,000 cells/mm7®*and RRV RNA is present.2*? RRV replicates in osteoblasts and can cause 
persistent infection of synovial macrophages in vitro,!°“° and it is postulated that infection of 
these cells leads to cytokine production and inflammatory arthritis in vivo.°*° For instance, 
osteoblast infection induces inflammatory cytokine production and increases RANKL 
relative to its decoy receptor osteoprotegerin favoring osteoclast formation.'®* Serum levels 
of complement pathway protein long pentraxin 3 are increased.*°’ 

The skin lesions show mononuclear perivascular inflammation without evidence of 
immune complex deposition. Most of the infiltrating cells are CD8* T lymphocytes. RRV 
antigen is present in the basal epidermal and eccrine duct epithelial cells.7°* 


Animal Models and Host Range 


Despite its extensive host range, RRV induces clinically evident disease only in humans, 
mice, and horses.°?°* The prototype T48 strain has been extensively passaged in mice and 
virulence is age-dependent.°**-°”? In newborn mice, T48 infects cardiac muscle causing 


myocardial necrosis and death 3 to 4 days after infection.°’*-°°° One-week-old mice survive 
and infection of the CNS leads to demyelination and destruction of the internal granule cell 
layer of the cerebellum.®°° In 2- to 3-week-old mice, RRV causes myositis, arthritis, and 
weakness with virus replication in muscle, perichondrium, periosteum, bone, and skin.!©+°°? 
Macrophages are prominent components of the disease-inducing inflammatory and virus 
control processes.2°?°6°70828 Soluble mediators that contribute to disease pathogenesis 
include complement, pentraxin 3, TNF, IFN-a/B, IFNy, IL-6, MCP-1, and macrophage 
inhibitory factor (MIF).164309.401562,563,660,662 Treatment with antibody to IL-6 decreases 
bone loss.'°* CD8* T cells contribute to virus clearance from muscle, but not joint 
tissue,!*1°°% and mice deficient in TLR7 signaling have more severe disease, inadequate 
production of neutralizing antibody, and poor virus clearance.°®® Mice deficient in pentraxin 
3 have decreased inflammation and virus replication with improved outcome.*°” Adult mice 
develop an asymptomatic viremia that persists for 5 to 9 days.®®” In pregnant mice, virus can 
replicate in the placenta and spread to the fetus.°*! 


The less virulent NB5092 strain induces severe myositis and muscle cell death in 
newborn mice after subcutaneous inoculation.°”? Mice become stiff and unable to move and 
then gradually regenerate muscle and recover function after virus is cleared.°’? CNS disease 
is minimal with patchy infection of ependymal cells and ependymitis leading to 
hydrocephalus. Neurons are only occasionally infected.°** Brown fat is another important 
site of virus replication.°”* By 1 week of age, mice no longer develop signs of disease.°”? 


Virulence 


To identify determinants of virulence for mice, virulent T48 has been compared to the less 
virulent NB5092 and DC5692 strains with different passage histories.*°*??? Virulence has 
been associated primarily with amino’ acid’ differences in  nsP1l_ and 
E.2,465,466,484,629,964,1033,1034 Changes in nsP1 affect disease without affecting virus 
replication, while changes in E2 usually affect replication. Induction and susceptibility to 
IFN also influence disease development.*°%-°°* Of unproven but possible significance is the 
fact that the epidemic strain of RRV in the Pacific differed from the parent Australian strain 
by a change from Thr to Ala at E2-219 and a duplication in nsP3.*!° 


Diagnosis, Treatment, and Prevention 


Diagnosis is aided by geographic location and travel history. The differential diagnosis 
includes rubella, other alphavirus-induced arthritides, and Henoch-Schonlein syndrome.*°* 


Virus can be recovered from blood early in disease,°!®-°°* but most diagnoses are made 
using serology. The IgM capture EIA is sensitive, but can remain positive for 1 to 2 years 


after the onset of disease.'4° Neutralization assays can distinguish between viruses in the SF 
complex.°?4 


In mice, treatment with drugs to block NF-KB, MCP-1 synthesis, or IL-1 signaling can 
decrease inflammation and tissue damage.°©*,8*°!87 In contrast, treatment to block TNF 
enhances virus replication, inflammation, and tissue damage.'!°! 


Vector control and personal protection against mosquito bites remain the primary means 


of prevention.?””°8° An aluminum hydroxide—adjuvanted inactivated whole-virus vaccine 
that protects mice from infection and disease induces neutralizing antibody in humans at 


levels predicted to be protective and is in phase 3 clinical development.°40919! 


Sindbis 
The prototype strain of SINV, AR339, was initially isolated from Culex univittatus 


mosquitoes collected near Sindbis, Egypt, in 1952.°°° Humans living in the Nile Delta at that 


time had a seroprevalence of 27%, but no disease was associated with infection.%°* Over the 
next 25 years, SINV was isolated in Europe, the Middle East, Africa, India, Asia, Australia, 
and the Philippines from a variety of mosquito and vertebrate species. SINV was first 
isolated from the blood of febrile humans in Uganda in 1961 and recognized as a cause of 


rash and arthritis in South Africa in 1963.94 


Epidemiology 


SINV is the most widely distributed of the alphaviruses causing arthritis in man, but is not 
recognized as a cause of disease in much of its range (Fig. 6.18). The primary sites of 
recognized SINV-mediated human disease are in Northern Europe (Ockelbo fever in Sweden, 


Pogosta fever in Finland, and Karelian fever in Russia)**? and South Africa*®’ (Fig. 6.18). In 
the many other regions where the virus exists, human infection occurs, but results only in 
subclinical disease, fever, or mild arthralgias. The basic maintenance cycle of SINV is 


between Culex spp. or Culiseta spp. mosquitoes and wild birds.°°? In Sweden, the enzootic 
cycle involves Culex torrentium, Culiseta morsitans, and passerine birds.2°1:402°89°9! Tp 
Finland, grouse are an important vertebrate host.°7! 


FIGURE 6.18 Geographic distribution of Sindbis virus. Northern Europe and 
South Africa, regions with significant outbreaks of arthritis and rash disease in 
humans, are designated in blue. 


Morbidity and mortality 


The age-adjusted prevalence for SINV is 2% to 8% in endemic regions of Northern Europe 
and 0.1% to 0.2% in neighboring nonendemic areas. Risk is highest between the 60th and 
64th parallels and is associated with spending time in the woods or marshland and exposure 
to mosquito bites. !!4.249.521,588,846 The ratio of symptomatic to asymptomatic cases is 1:17 
with 45- to 65-year-old females most likely to develop disease.'!# 


Origin and spread of epidemics 


Spread of SINV from its enzootic cycle between passerine birds and ornithophilic 
mosquitoes to humans involves bridge vectors with less specialized feeding habits! (Fig. 
6.10). In Northern Europe, the primary bridge vector is Aedes cinereus and availability of this 
species may determine the frequency of human infection. Cases begin to appear in late July 
and continue into the fall. Large outbreaks occur approximately every 7 years, perhaps in 
association with fluctuating grouse populations.°°*-2*° During a 2013 Swedish outbreak, Cs. 
morsitans was naturally infected and the SINV strain detected was closely related to recent 
Finnish SINV isolates.’° Vertical transmission in mosquitoes can occur.*!° Detection of 
SINV in mosquito larvae of three species (Aedes [Ochlerotatus] communis, Aedes 
[Ochlerotatus] punctor, and Aedes [Ochlerotatus] diantaeus) in Sweden also indicates natural 
transovarial transmission as a maintenance mechanism. In South Africa, cases appear 
annually, mainly during late summer and early autumn in the central plateau region.?*7 


Molecular epidemiology 


Antigenic and genetic analyses of strains from different locations indicate the presence of 
five geographically distributed distinct genotypes: Africa and Europe (I), Australia (II), East 
Asia (III), Azerbaijan and China (IV), and New Zealand (V, Whataroa).°90°9}841843,899 
Strains isolated in Northern Europe and South Africa, where most SINV-induced disease 
occurs, are more closely related to each other than to strains isolated in south and central 


Europe and the Middle East where disease is rare.4°”°°* Israeli SINV strains together with 


those from Saudi Arabia comprise a Middle Eastern clade within genotype I.°° Patterns of 
SINV clade distributions are consistent with a major role for migratory birds in 
dispersal.°9°.849 


Clinical Features 


The primary clinical manifestations are itching rash, arthritis, fever, and muscle 
pain, 12.249.519,1007 The rash is distributed diffusely over the trunk and limbs and can affect the 
palms and soles. Skin lesions have a macular base with central vesicle formation and a pale 
halo and are occasionally hemorrhagic.**?°* Joint pain preferentially affects large joints and 
may be severe enough to be immobilizing. Macrophages infected with SINV become 
activated; release MIF, TNF, IL-1, and IL-6; and express matrix metalloproteinases.*° Most 
patients recover within 14 days, but joint pain and muscle stiffness may persist for months to 
years.*49:362,519,847,1007 Tn Australia, SINV-induced arthritis and rash are milder and less 
frequent than RRV-induced disease or SINV-induced disease in Northern Europe and 
Africa.°?° 


Animal Models and Host Range 


SINV can infect a wide variety of vertebrates and has been extensively studied in mice as a 
model for acute encephalomyelitis. In mice, there is an age-dependent susceptibility to fatal 


encephalitis.*°° In young mice, virus replicates to high titer and spreads rapidly, causing 
death in 3 to 5 days. In older mice, virus replication is more restricted and mice often recover. 
After peripheral inoculation, virus replicates in muscle, produces a viremia, and then spreads 
to the brain and spinal cord where the primary target cells are neurons.**! The ability of 
SINV to spread to the CNS and cause fatal disease is dependent on the strain of virus and the 
genetic background of the mouse.*°°97°99:889.975,1001 €57BL/6 mice are most susceptible to 
fatal encephalomyelitis after infection with neurovirulent strains, and this is determined in 
part by a gene on chromosome 2.97°-976100! Neuronal death requires host contributions such 
as glutamate excitotoxicity and T-cell-mediated immunopathology.!9%340.914,515,608,083,822 
Mice with deficiencies of IFN signaling, IRF7, or acid sphingomyelinase have increased 
susceptibility to fatal encephalitis.124+°°*°”° 

In nonfatal encephalitis, a SINV-specific perivascular mononuclear inflammatory 
response consisting of T cells and monocytes appears in the CNS within 3 to 4 days after 
infection followed by entry of antibody-secreting B cells.°*-°*° Spread of infection is limited 
initially by IFN-a/B,'** and infectious virus is cleared within 7 to 8 days after infection 
primarily through the effects of antiviral IgM antibody and IFNy.®°:!!6117.992,951,697 Viral 
RNA persists in the CNS after clearance of infectious virus, and reactivation of infection 
appears to be prevented by continued presence of T lymphocytes and antibody-secreting B 
cells within the CNS.299:990-638, 1008 


Virulence 


Strains of SINV differing in virulence have been derived from independent isolates from 
Egypt (AR339), South Africa (SR86), and Israel (SV-Peleg). Variants of AR339 and SV- 
Peleg differing in virulence have been derived by passage in mice and in tissue culture.*°!°9 
Virulence is determined primarily by the 5’ UTR, nsP3, and the E2 glycoprotein, but is also 
influenced by changes in E1, capsid, and the other nsPs.2°1°94624,627,731,926,952 Changes from 
A to G in nucleotide 5 or 8 in the 5’ UTR decrease recognition by IFIT1 and increase 
neurovirulence.*79-429-°*4 The N-terminal nsP3 macrodomain affects efficiency of replication 
in neurons.’*! Amino acid changes in the E2 glycoprotein alter efficiency of virus entry into 
the CNS and can enhance neuronal infection.’2°!°9:'°°* Neuroinvasion is affected by 
changes at residues 55 and 190 of E2.**° A Gln to His change at E2-55 increases efficiency 
of infection of neurons and is a major determinant of increased virulence in older 


mice.229 1002 


Diagnosis, Treatment, and Prevention 


The major differential is with other causes of acute rash and arthritis, such as parvovirus B19 
and rubella. SINV can be recovered from skin lesions and from blood,?!%°2%5* but the 
diagnosis is most often made by serology. SINV-specific IgM increases during the acute 
phase of the disease and then tends to decrease slowly for 3 to 4 years independent of 


persistent symptoms.°?° 


Mice can be protected from fatal encephalitis by treatment with drugs that inhibit 
inflammation and glutamate excitotoxicity.*40420%.”73 Mice can also be passively protected 
with antibody, but develop progressive destruction of infected regions of the brain.*”° 


Barmah Forest 


Barmah Forest virus (BFV) was first isolated in 1974 from Cx. annulirostris mosquitoes 
collected in the BF in the Murray River Valley region of southeastern Australia and soon 


thereafter in southwest Queensland.°? It is the only recognized member of the BFV complex 
and has a unique E2 protein without N-linked glycosylation.9+°8-°*0 Human disease was first 
reported in 1986 with an epidemic of polyarthritis in New South Wales,?* and BFV was first 
isolated from the blood of a patient in 1988.4” The geographic range of BFV is expanding 


although problems with serologic diagnosis have been identified.°**°°° In 1989, BFV, 
previously restricted to eastern portions of Australia, was isolated in Western Australia with 


subsequent outbreaks of human disease.?°° 


The vertebrate reservoir host is unknown, but serosurveys suggest that horses and 


marsupials, particularly brushtail possums, may play a role.*”7°°° On the other hand, 
sequence analysis shows a high degree of sequence identity over the geographic distribution 


consistent with an avian vertebrate host.’°? Newborn mice are susceptible to experimental 
infection with virus replication in muscle and brain, but disease is less severe than that 


induced by RRV.4° The main mosquito vectors are not well established, but appear to 


include Cx. annulirostris, Ae. vigilax, Ae. notoscriptus, and Ae. camptorhynchus.*3+°°° 
Transmission in coastal areas is influenced by temperature, tides, and socioeconomic 


factors.°°2 


Disease is most common in the 30- to 50-year age group with males and females equally 
affected.’ The most common clinical features are fever, lethargy, polyarthritis, and myalgia 


accompanied by a vesicular rash.**:’*74” Diagnosis may not be made because the illness is 
frequently mild and overlaps the clinical spectrum and geographic distribution of RRV and 
SINV infections (Figs. 6.17 and 6.18). Rash is more prominent in BFV, while arthritis is 


more prominent in RRV*°° and the serology is distinct.“4” In over half of infected 
individuals, recovery takes several weeks, with lethargy the most prominent persisting 


symptom.” 


Mayaro and Una 


MAYV was first isolated in 1954 from febrile forest workers in Trinidad and then from 
several individuals with fever and frontal headache in the Guamé River area of Brazil.2°!°° 
The virus is widely distributed in South America,*’*°°>?”4 and evidence of human infection 
has been obtained in Haiti>°’ and Panama‘*° suggesting recent spread. Human cases are 


sporadic and occur primarily in persons with recent contact with humid tropical forests.?°9 


There are three distinct genotypes. Genotype D contains isolates from Trinidad and north 
central South America, genotype L contains isolates from Brazil, and genotype N is 


represented by a single isolate from eastern Peru.*?:’° The principal mosquito vectors are in 
the forest-dwelling genus Haemagogus and the vertebrate hosts are mammals, mainly 
nonhuman primates. Airborne transmission to laboratory personnel has also occurred.*°4 
However, experimentally, MAYV can be transmitted by Ae. aegypti and Ae. 
albopictus,?’”?'+!89 and human viremia levels suggest the possibility of urban, human- 
amplified transmission like that exhibited by CHIKV.°’” Recent studies also demonstrate 
laboratory vector competence by Anopheles mosquitoes.!'° 

Signs and symptoms of MAYV infection, which, like CHIKYV, is usually symptomatic, 
include fever, headache, arthralgia, myalgia, vomiting, diarrhea, and rash that last 3 to 5 
days.°°° The diagnosis can be made by isolation of virus from blood or by serology using an 
IgM capture EIA or neutralization assay. 2°94 


Una virus is closely related to MAYV and was first isolated from Psorophora ferox 
mosquitoes in the Amazonian region of Brazil in 1959.'°4 It is widely distributed in Central 
and South America.!°*!%-*!© Vertebrate hosts include nonhuman primates.*!° Una virus is 
pathogenic for mice, but is not recognized to cause human disease. 


OTHER ALPHAVIRUSES 


Semliki Forest 


SFV was first isolated in 1942 from Aedes abnormalis collected in the Semliki Forest (SF) of 
western Uganda.*!” It is widely distributed in Africa with mosquito (e.g., Ae. africanus, Ae. 
argenteopunctatus) isolates documented from Mozambique, Nigeria, and the Central African 
Republic.°0'°!4.5*2 Although SFV is one of the most extensively studied of the alphaviruses 
and serosurveys indicate that human infection is relatively common,°!**!” it has been linked 
to human disease on only two occasions. In the first case, reported in 1979, a 26-year-old 
laboratory worker in Germany with a 1-year history of “purulent bronchitis” working with 
the Osterrieth strain of SFV developed fever and headache followed by seizures, coma, and 
death from encephalitis. SFV was isolated from the CSF and from the brain. No antiviral 
antibody was detectable at the time the CNS symptoms began, but was detected at the time of 
death 1 week later.!°°! The history of chronic pulmonary infections and failure to rapidly 
produce antiviral antibody suggest that this individual had an immunodeficiency disorder 
involving antibody production. In 1987, SFV was isolated from serum samples of individuals 
in the Central African Republic with fever, persistent headache, myalgias, and arthralgias.°!4 


Animal Models 


SFV can cause encephalitis in horses, mice, rats, hamsters, rabbits, and guinea 


pigs.4>98.9!7,1115 Severity and type of disease are dependent on the age of the animal at the 
time of infection, on the route of inoculation, and on the virulence of the strain of SFV used 


for infection.?°79* Mice have been most extensively studied and the strain of inbred mouse 
infected can also influence outcome.?*° 

In newborn and suckling mice, inoculated peripherally virulent and avirulent strains of 
SFV replicate rapidly and extensively in the muscle, elicit a high-titered viremia, spread to 
the CNS, and cause death within 2 to 4 days.*°°°*°7! Evidence suggests that SFV enters the 


brain across cerebrovascular endothelial cells.2°&489924 Once within the CNS, the virus 
replicates primarily in neurons and spreads rapidly along neural pathways producing 


neuronal cell death.’!! 


In weanling (3-5 weeks old) mice, SFV replicates rapidly, but reaches lower peak titers 


in muscle, blood, and brain than in younger animals.*°* Virus enters perivascular regions of 
the brain and initiates foci of infection within the CNS. After intranasal inoculation, virus 


infects olfactory neurons and then spreads within the CNS.’!! The primary target cells in the 
brain. are neurons’ that control virus’ replication more effectively than 


oligodendrocytes.**°®7/9485_ A mononuclear inflammatory response consisting of T 
lymphocytes, B lymphocytes, and monocytes is apparent 3 to 4 days after infection, peaks at 


2 to 3 weeks, and is mostly resolved by 6 weeks.°°® 

Mice infected with virulent strains can be passively protected from fatal encephalitis with 
immune serum, but then develop a delayed disease associated with persistent infection, 
inflammation, and neuronal degeneration.®’’ Mice that survive infection develop 


demyelination, accompanied by mild paralysis, 2 to 4 weeks after infection.!’*°*” Clearance 
of infectious virus is complete 7 to 10 days after infection and this clearance is mediated by 


antibody.*°° Viral RNA and protein persist for months.**°4®° Focal areas of demyelination 
are found 14 to 21 days after SFV infection and are characterized initially by swelling and 


vacuolation of oligodendrocytes and loss of myelin sheaths followed by remyelination.!?7 
Demyelination is macrophage-mediated and appears to be the result of oligodendrocyte 
infection, the immune response to infection, and induction of an autoimmune response to 


myelin.2°”°48:945 SJL mice have more prolonged inflammatory responses and demyelination 
after infection compared with other strains of mice.2?>°!8 


SFV infection of the CNS can also increase the susceptibility of mice to induction of 


experimental autoimmune encephalomyelitis™? apparently by damaging the blood-brain 
barrier, increasing adhesion molecule expression on endothelial cells, and facilitating entry of 


autoimmune T lymphocytes into the CNS.924925 


Virulence 


Isolates from mosquitoes collected in 1942 in Bwamba, Uganda,’!’ in 1948 in Kumba, 


Nigeria,°°! and in 1959 in Namacurra, Mozambique,°** have given rise to a variety of 
laboratory strains of SFV with differing levels of virulence. The most commonly studied are 
virulent strains V12, V13, and L10 (Uganda strain independently passaged in mice in 
Bethesda [V] and London [L]) and avirulent strain A7 (Mozambique strain AR2066 passaged 
in mice) and its less virulent derivative A7-74.°° In addition, avirulent strains of L10 have 
been derived by chemical mutagenesis (e.g., m9). Virulent and avirulent strains differ in 
their ability to invade and replicate in the CNS of weanling mice and rats after peripheral 
inoculation, but all strains cause fatal disease in newborn or suckling mice.4%*°%°*°7! In 3- 
to 4-week-old mice, avirulent SFV is restricted in replication and spread in the CNS 
compared to virulent strains of virus and compared to avirulent strains in younger mice.’!° 
This difference in replication is associated with decreased budding of infectious virus and is 


independent of the host immune response.*°° Mature neurons and pancreatic and myocardial 
cells can be made more susceptible to avirulent virus by treatment with aurothiolate 


compounds that induce intracellular membrane proliferation.2°°®°! In general, reduced 
virulence correlates with reduced replication in neurons.?’ 


In vitro studies of the differences between virulent and avirulent strains of SFV have 
shown differential replication in neuronal cells** and differences in susceptibility to IFN.*!° 
Efforts to identify specific nucleotide and amino acid changes important for virulence have 
utilized comparative sequence analysis and an infectious SFV cDNA clone pSP6-SFV4 
derived from the prototype virulent L10 strain. Construction of SFV4/A7 chimeric viruses 
has shown that determinants of virulence reside in both the structural and nonstructural 


regions of the genome’°®! with changes in E2, nsP2, and nsP3 identified as particularly 
important.256.261,315,318,807,849,855 


Other SFV-Related Viruses 


The SFV complex includes eight viruses and has representatives in both the Old World 
(BEBV, CHIKV, GETV, ONNV, RRV, and SFV) and the New World (MAYV and Una virus) 
(Table 6.1; Fig. 6.5). Southern elephant seal (SES) virus is phylogenetically, but not 
antigenically, related to SFV. Human disease, when present, is generally characterized by 
fever that may be accompanied by arthritis and rash. CHIKV, ONNV, RRV, and SFV have 
been discussed previously. 


Getah 


Getah virus was first isolated from Culex spp. mosquitoes collected in Malaysia in 1955 and 
causes myositis when inoculated into mice.* It is maintained in a cycle similar to Japanese 
encephalitis virus with transmission by Culex tritaeniorhynchus and amplification in 
domestic pigs.2°° Getah virus is widespread and ranges from Eurasia to Southeast and Far 
East Asia, Pacific Islands, and Australasia. Disease in humans is limited to fever,?°? but it 
causes abortion in pigs and is an important pathogen of horses.°?9-°8* The equine disease is 


characterized by fever, an urticarial rash, and hind leg edema, but is not life-threatening.°°* 


Southern Elephant Seal 


SES virus was isolated from lice residing on Southern elephant seals on Macquarie Island, 
Australia. It is phylogenetically related to SFV, but does not cross-react serologically. No 
disease has been recognized in infected seals and it is not known whether lice are responsible 


for transmission.°24 


Salmonid Alphaviruses 


Salmonid alphaviruses (SAV), formally multiple subtypes of the species salmon pancreatic 
disease virus (SPDV), cause sleeping disease in rainbow trout and pancreas disease in farmed 
Atlantic salmon.708108.1073,1074 Spy has unusually large El and E2_ structural 
glycoproteins and relatively low (30%-34%) homology to other alphaviruses.'078-1074 Six 
subtypes have been identified that likely evolved from a wild reservoir.*”'°!9 Subtypes 1, 4, 
and 5 are closely related and have been isolated from farms in Britain with pancreas disease. 
Subtype 3 causes disease on salmon farms in Norway and subtype 2 causes sleeping disease 
in Europe. Subtype 6 is represented by a single isolate from Ireland. SPDV causes significant 
disease on fish farms characterized by abnormal swimming behavior and lack of appetite. 
SPDV replicates in muscle satellite stem cells with frequent generation of deletion mutants 


and E2 is a determinant of virulence.®!°*,”44 Histopathology shows degeneration of the 
pancreas and of cardiac and skeletal muscles.°*° SPDV is shed in feces and mucus and can be 
horizontally transmitted.2°* Sea lice can be infected, but their role in transmission is 
unclear.’“? Subtype 5 SAV RNA sequences have been detected in wild marine fish further 
suggesting that marine reservoirs exist.?7° 


DIAGNOSIS 


The differential diagnosis of alphavirus-induced diseases often includes more than one 
alphavirus in addition to other mosquito-borne febrile viral diseases such as dengue and Zika 
and West Nile fevers, other rash diseases such as rubella and parvovirus B19, and other 
causes of encephalitis. IgM capture EIAs can be used for diagnosis early in disease.!*?:!9.199 
The IgM response is relatively specific for each antigenic complex and is useful even at later 
times, because IgM persists for at least 2 to 3 weeks after onset of disease.!°° In regions 
where two or more viruses in a given antigenic complex occur, virus-specific IgM EIAs or 
neutralization assays may be required to rule out cross-reactions. Virus isolation remains 
useful, but nucleic acid amplification tests have simplified virus identification in clinical 
samples.’”! RT-PCR primers have been designed that can amplify the conserved region of all 
alphaviruses,7*”°°”746 as well as alphavirus-specific regions,°*? and are useful for rapid 
diagnosis. 


PREVENTION AND CONTROL 


Treatment 


There is currently no available specific antiviral treatment for any alphavirus-induced 
disease, although compound screening and molecular docking studies have identified many 
potential antiviral therapies for evaluation in animals along with therapeutic monoclonal 
antibodies, IFN, and immune system activators.?1!22°7° Several neuroprotective drugs can 
protect mice from fatal encephalomyelitis and supportive treatment can be lifesaving.°*9 
Symptomatic treatment for arthritis with anti-inflammatory drugs and immune modulators 
can be beneficial.°”° 


Vaccines 


Formalin-inactivated vaccines against EEE, WEE, and VEE are available for horses and 
against EEE for birds. Experimental inactivated vaccines against EEE, WEE, and VEE are 
also available for laboratory workers exposed to these agents with yearly booster doses 
required for EEE and WEE.7?’ PE-6, the investigational inactivated EEE vaccine for humans, 


induces good immunoreactivity against the NA-EEEV, but not MADV.°“4 Because formalin 
inactivation of TrD for VEE vaccination was sometimes incomplete, other virus strains and 
methods of inactivation have been evaluated.®®° An inactivated RRV vaccine was safe and 
immunogenic in a phase 3 human trial.'°°! Live attenuated vaccines for VEEV (TC-83) and 
CHIKV (181/25) have been tested in clinical trials,-°+°°* but substantial side effects are 
common with both. Alternative approaches at various stages of preclinical development for 
prevention of CHIKV, VEEV, and RRV infection include monoclonal antibodies and DNA, 
subunit, replicon, virus-like particle, and virus-vectored vaccines.**>°’-858 In both horses 
and humans, prior vaccination against one alphavirus can interfere with development of 
neutralizing antibody to subsequent alphavirus vaccines. /°°°!9:797 


Other 


Prevention of infection with most alphaviruses relies primarily on efforts to control mosquito 
populations with insecticides and elimination of aquatic larval habitats. A variety of means 
can be used for assessing the need for mosquito abatement. These include monitoring 
mosquito population densities, seroconversion of sentinel animals, and presence of virus in 
populations of mosquitoes capable of transmitting virus to humans or domestic animals. 
Individual use of protective measures, such as mosquito repellents and protective clothing, is 
important. New methods directed against Ae. aegypti, including population reductions based 
on release of Wolbachia-infected or transgenic males to effectively sterilize wild females, or 
the introduction of Wolbachia that interfere with CHIKV transmission, are in widespread 
ftials 


PERSPECTIVE 


The ability to construct full-length cDNA alphavirus clones that can be transcribed into 
infectious RNA has advanced understanding of the functions of various genes and their 
importance for replication and virulence in the multiple hosts necessary for maintenance of 
these viruses in their natural cycles. An understanding of the three-dimensional structures of 
proteins in the virion has greatly aided interpretation of much of the sequence and virulence 
data previously acquired. Further sequence information on virulent and avirulent strains, 
functional and structural analysis of the nonstructural proteins and polyproteins, and 
assessment of cell-type—-specific virus interactions is likely to provide the next level of 
understanding of virus—host relationships. 


In addition, there is a need for improved approaches to prevention and treatment. There is 
a particular need for understanding the components of the immune response necessary for 
noncytolytic virus clearance, protection from reinfection, immunomodulation of disease, 
mechanisms of chronic arthralgia, and importance of persistent viral RNA in tissues. New 
and improved vaccines are needed for protection during outbreaks and for laboratory 
workers. In addition, there is a need for effective antialphaviral drugs, and an understanding 
of the structure of viral proteins may offer new approaches to therapeutics. These areas have 
implications for biological defense purposes because many alphaviruses can be transmitted 


by aerosol and VEEV, EEEV, and WEEV are considered potential agents of biowarfare.? 
Finally, improved, inexpensive, point of care diagnostics are needed so that alphaviruses such 
as CHIKV, MAYV, and VEEV are not misdiagnosed as dengue and other common infections. 
This could lead to major improvements in surveillance and control measures, as well as 
identification of endemic locations suitable for clinical efficacy testing of vaccines and 


therapeutics.°° 
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INTRODUCTION 


Yellow fever had been an endemic and emerging disease for centuries when, in 1901, Walter 
Reed demonstrated that this disease could be experimentally transferred via the filtered 
serum of an infected individual, the first identification of a human virus. It is now understood 
that yellow fever virus (YFV) is but one representative of a large family of related positive- 
strand RNA viruses, the Flaviviridae (from the Latin flavus, “yellow”). This family consists 
of four genera: Flavivirus, Hepacivirus (from the Greek hepar, “liver”), Pegivirus (for 
persistent GB virus), and Pestivirus (from the Latin pestis, “plague’”’). 


Family Classification 


The Flaviviridae exhibit diverse biological properties and limited serological cross-reactivity. 
Despite this diversity, viruses are classified within the Flaviviridae based on similarities in 
genome organization and shared phylogeny of essential viral replication enzymes. Currently, 
all members of the Flaviviridae share the following common features: (a) enveloped virus 
particles that are labile to detergents and organic solvents; (b) nonsegmented, positive-strand 
RNA genomes, 9.4 to 13.0 kb in length, which encode a large open reading frame (ORF); and 
(c) a common set of virus-encoded replication enzymes: nonstructural (NS) protein 3 (NS3) 
with serine protease and RNA helicase activities and NS5 (or NSSB) with RNA-dependent 
RNA polymerase (RdRP) activity. On larger evolutionary scales, the NS3 helicases share 
phylogenetic similarity to other superfamily 2 “DEx(D/H)” RNA helicases, including those 


of plant-infecting, positive-strand RNA potyviruses**’; the NS5/NSSB RdRPs share 
phylogenetic similarity with a diverse set of “branch 3” positive-strand RNA viruses, 
including alphaviruses, nodaviruses, tombusviruses, and luteoviruses.?”8 


Recent advances in virus discovery and metagenomics have led to profound 
reorganization and expansion of the Flaviviridae, including establishment of a new genus, 
Pegivirus, as well as the identification of new viruses within established genera with 
expanded host tropism, such as Hepaciviruses that infect rodents, bats, and nonhuman 
primates. All currently recognized members of the Flaviviridae are listed in Table 7.1; a 
molecular phylogeny of the Flaviviridae, based on conserved regions of viral RdRPs, is 
shown in Figure 7.1A. It should be noted that a number of Flaviviridae remain to be 
officially classified at the genus level, such as Tamana bat virus and, at the species level, such 
as several arthropod-specific flaviviruses. In addition, metagenomic surveys have identified 
several “flavi-like” viruses with very large (16-23 kb) monopartite genomes as well as 
“Jingmenviruses” with 10.5- to 11.0-kb multipartite genomes divided among four or five 
RNA segments that are independently encapsidated.*°”*°° Jingmenviruses have been found 
in arthropod hosts but may be transmitted to humans and other primates, where they can 
cause febrile illness.*°”9°* Although these latter virus groups have not been classified within 
the Flaviviridae, they do encode canonical NS3-like serine proteases/RNA helicases and 
NS5/NS5B-like RdRPs. Clearly the field is entering an exciting period of comparative 
studies and critical evaluation of essential features shared among the Flaviviridae. 


TABLE 7.1 Taxonomy of the Flaviviridae 


Genus Flavivirus 


Mosquito-borne — Aroa virus (AROAV); Bagaza virus (BAGV); Banzi virus (BANV); Bouboui virus (BOUV); Cacipacore virus 
(CPCV); Dengue virus, types 1-4 (DENV-1 to DENV-4); Edge Hill virus (EHV); Iiheus virus (ILHV); Israel turkey 
meningoencephalomyelitis virus (ITV); Japanese encephalitis virus (JEV); Jugra virus (JUGV); Kedougou virus 
(KEDV); Kokobera virus (KOKV); Koutango virus (KOUV); Murray Valley encephalitis virus (MVEV); Ntaya virus 
(NTAV); Saboya virus (SABV); Saint Louis encephalitis virus (SLEV); Sepik virus (SEPV); Tembusu virus (TMUV); 
Uganda S virus (UGSV); Usutu virus (USUV); Wesselsbron virus (WESSV); West Nile virus (WNV); Yaounde virus 
(YAOV); Yellow fever virus (YFV); Zika virus (ZIKV) 


Tick-borne Gadgets Gully virus (GGYV); Kadam virus (KADV); Kyasanur Forest disease virus (KFDV); Langat virus (LGTV); 
Louping ill virus (LIV); Meaban virus (MEAV); Omsk hemorrhagic fever virtis (OHFV); Powassan virus (POWV); Royal 
Farm virus (RFV); Saumarez Reef virus (SREV); Tick-borne encephalitis virus (TBEV-Eur); Tyuleniy virus (TYUV) 


No known vector — Apoi virus (APOIV); Bukalasa bat virus (BBV); Carey Island virus (CIV); Cowbone Ridge virus (CRV); Dakar bat virus 
(DBV); Entebbe bat virus (ENTV); Jutiapa virus (JUTV); Modoc virus (MODV); Montana myotis leukoencephalitis 
virus (MMLV); Phnom Penh bat virus (PPBV); Rio Bravo virus (RBV); Sal Vieja virus (SVV); San Perlita virus (SPV); 
Yokose virus (YOKV) 


Unclassified Aedes flavivirus (AEFV), Cell fusing agent virus (CFAV); Culex flavivirus (CXFV); Spondweni virus (SPOV); Tamana bat 
virus (TABV), etc. 


Genus Hepacivirus Hepacivirus A (nonprimate hepacivirus, NHPV); Hepacivirus B (GB virusB, GBV-B); Hepacivirus C (hepatitis C virus; 
HCV, genotypes 1-7); Hepacivirus D (guereza hepacivirus, GHV); Hepacivirus E (rodent hepacivirus E, RHV-E); 
Hepacivirus F (rodent hepacivirus F; RHV-F); Hepacivirus G (Nonway rat hepacivirus 1, NRHV1); Hepacivirus H 
(Norway rat hepacivirus 2, NRHV2); Hepacivirus | (rodent hepacivirus |, RHV-l); Hepacivirus J (rodent hepacivirus 
J, RHV-J); Hepacivirus K (bat hepacivirus K, BHV-K); Hepacivirus L (bat hepacivirus L, BHV-L); Hepacivirus M (bat 
hepacivirus M, BHV-M); Hepacivirus N (bovine hepacivirus N, BoHV) 


Genus Pegivirus Pegivirus A (simian pegivirus [formerly GB virus A], SPgV); Pegivirus B (GB virus-D, GBV-D); Pegivirus C (human 

pegivirus, HPgV); Pegivirus D (Theiler disease—associated virus, TDAV); Pegivirus E (equine pegivirus, EPgV); Pegivirus 
F (bat pegivirus F, BPgV-F); Pegivirus G (bat pegivirus G, BPgV-G); Pegivirus H (human hepegivirus, HHPgV); Pegivirus 
! (bat pegivirus |, BPgV-l); Pegivirus J (rodent pegivirus, RPgV); Pegivirus K (porcine pegivirus, PPgV) 

_ Genus Pestivirus Pestivirus A (bovine viral diarrhea virus 1, BVDV 1); Pestivirus B (bovine viral diarrhea virus 2, BVDV2); Pestivirus C 
(classical swine fever virus [formerly hog cholera virus], CSFV); Pestivirus D (border disease virus, BDV); Pestivirus 
E (pronghorn antelope pestivirus, PAPeV); Pestivirus F (porcine pestivirus, PPeV); Pestivirus G (giraffe pestivirus, 
GPeV); Pestivirus H (HoBi-like pestivirus, HoBiPeV); Pestivirus | (Aydin-like pestivirus, AydinPeV); Pestivirus J (rat 
pestivirus, RPeV); Pestivirus K (atypical porcine pestivirus, APPeV) 

Virus species and genera currently recognized by the International Committee on Taxonomy of Viruses are shown in italics; 

common names and abbreviations are shown in parentheses. 
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FIGURE 7.1 The family Flaviviridae. A: Unrooted phylogenetic tree of all 
current members of the Flaviviridae, based on maximum likelihood alignment of 
a conserved, 352-aa region of the RdRP domains, constructed by using 


previously described methodology.°°° Virus names are abbreviated as in Table 
7.1 and the text, with clades of interest highlighted by colored arcs. TABV, which 
has not been officially classified as a Flaviviridae, was included as an outgroup. 
The linear scale bar represents genetic distance along the radial axis; circular 
scale bars represent bootstrap support values for each node (n = 1,000 iterations). 
We thank Anderson Brito and Nathan Grubaugh for assistance in sequence 
alignment and tree construction. B: Unrooted phylogenetic tree of unclassified 
viruses that resemble the Flaviviridae, based on maximum likelihood alignment 
of a conserved region of the RdRP domain, as above. We thank Mang Shi and 
Eddie Holmes for assistance in sequence alignment and tree construction. 


Family Characteristics and Replication Cycle 


This chapter is organized around common features of the family Flaviviridae life cycle (Fig. 
7.2). The enveloped virions are composed of a lipid bilayer with two or more species of 
envelope (E) glycoprotein surrounding a nucleocapsid, which consists of a single-stranded, 
positive-sense RNA genome complexed with multiple copies of a small, basic capsid (C) 
protein. Binding and uptake are believed to involve receptor-mediated endocytosis, although 
bona fide entry receptors have only been positively identified for a few viruses. For the 
purposes of this chapter, we define virus entry factors as a general category of cellular 
molecules that contribute toward productive virus entry; attachment receptors are a subset of 
entry factors that bind to virus particles, often with low specificity, and thereby increase 
virus—cell avidity but may not be essential for virus entry; entry receptors are a distinct subset 
of virus-binding cell surface molecules that target the virus for essential steps in productive 
virus entry. Following endocytosis, the low pH of the endosome induces fusion of the virion 
envelope with cellular membranes. Following uncoating of the nucleocapsid, the RNA 
genome is released into the cytoplasm. The genome serves three discrete roles within the life 
cycle: as the messenger RNA (mRNA) for translation of all viral proteins, a template during 
RNA replication, and the genetic material packaged within new virus particles. The 
organization of the genome is similar for all genera. Viral proteins are produced as part of a 
single polyprotein that is cleaved by a combination of host and viral proteases. The structural 
proteins are encoded in the N-terminal portion of the polyprotein with the NS proteins in the 
remainder. Sequence motifs characteristic of a serine protease, RNA helicase, and an RdRP 
are found in similar locations in the polyproteins of all four genera. RNA replication occurs 
entirely in the cytoplasm in close association with intracellular membranes; the synthesis of a 
genome-length minus-strand RNA provides the intermediate. Progeny virions assemble by 
budding into an intracellular membrane compartment, most likely the endoplasmic reticulum 


(ER), and then transit through the host secretory pathway and are released at the cell surface. 
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FIGURE 7.2 The life cycle of the Flaviviridae. See text for details. 


FLAVIVIRUSES 


Background and Classification 


The Flavivirus genus currently includes 56 virus species, many of which are arthropod-borne 
human pathogens. Flaviviruses cause a variety of human and animal diseases, including 
fever, encephalitis, and hemorrhagic fevers. Entities of major global concern include dengue 
virus (DENV)—with its associated dengue hemorrhagic fever (DHF) and dengue shock 
syndrome (DSS)—Japanese encephalitis virus (JEV), West Nile virus (WNV), YFV, and 
Zika virus (ZIKV).9°° Decreases in mosquito control efforts coupled with societal factors 
(e.g., increased transportation and dense urbanization) have contributed to several significant 
flavivirus outbreaks, including the reemergence of YFV in Africa and the Americas, 
reemergence of multiple DENV serotypes in the Americas, the introduction and spread of 
WNV in North America, and the emergence of ZIKV, notably linked to fetal birth defects, in 
South and Central America. 


Mosquito-borne and tick-borne flaviviruses, although distinct, appear to have evolved via 
a common ancestral line that diverged from viruses with no known arthropod vector. In 
addition, several arthropod-specific flaviviruses remain to be taxonomically classified within 
this genus. Flavivirus species are further categorized into antigenic complexes and 
subcomplexes based on serological criteria or into genetically related clusters and clades, 
according to molecular phylogenetics.'*!°4® For instance, the JEV serocomplex includes 
eight virus species that are genetically and antigenically related. DENV, which is both a 
single virus species and a distinct serogroup, notably circulates as four distinct serotypes. 
Human antibody responses to one DENV serotype are poorly cross-protective and may even 
enhance pathogenesis during secondary infections with other DENV serotypes; one 
explanation for this immunopathology is through antibody-dependent enhancement (ADE) of 
virus entry into myeloid cells that express antibody Fc receptors.*°**!? Although DENV- 
specific antibodies can also enhance ZIKV infection in experimental models,*?!2977287! 
preexisting DENV immunity appears to afford partial cross-protection to ZIKV infection in 
humans.’’° 


In 1937, Max Theiler developed a live attenuated yellow fever vaccine by extensive 
serial passage of a virulent YFV isolate in suckling mouse brain and chick embryo tissues. 
The resulting virus, YFV-17D, has been successfully used to prevent yellow fever in over 
300 million people. Despite this early success, only a limited number of flavivirus vaccines 
are available, including both inactivated and live attenuated JEV for use in humans, 
inactivated TBEV for use in humans, and inactivated WNV for use in animals.°°2 
Development of effective DENV vaccines that exhibit cross-protection between serotypes 
remains particularly challenging. One recently approved tetravalent DENV vaccine, 
Dengvaxia, is based on four chimeric YFV-17D derivatives, each expressing the structural 
glycoproteins of one DENV serotype. However, Dengvaxia shows limited prophylaxis in 
DENV-naive individuals and may enhance disease in natural infections.’’* Therefore, its use 
is currently limited to people aged 9 to 45 with prior DENV infection and who live in DENV 
endemic areas. 


Structure and Physical Properties of the Virion 


Infectious flavivirus particles are lipid enveloped, roughly spherical, and approximately 50 
nm in diameter and lack prominent spikes (Fig. 7.3A—C). Viruses sediment between 170S 
and 210S and have buoyant densities of 1.19 to 1.23 g/cm? depending on the lipid 
composition, which varies by host.’?° The outer shell of the particle is made up of two viral 
proteins, envelope (E) and membrane (M). The E glycoprotein is the major antigenic 
determinant of the virion and mediates binding and fusion during virus entry. The M protein 
is a small proteolytic fragment of the precursor membrane (prM) protein and is produced 
during virus maturation within the secretory pathway. Removal of the lipid envelope with 
nonionic detergents reveals discrete nucleocapsids (120-140S; 1.30-1.31 g/cm3), which 
consist of a single RNA genome and multiple copies of capsid (C) protein.*7 
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FIGURE 7.3 Flavivirus particles. A: Paracrystalline array of SLEV particles in 
the salivary gland of a Culex pipiens mosquito 25 days after blood meal feeding 
on an infected suckling mouse. (Courtesy of Sylvia G. Whitfield, Frederick A. 
Murphy, and W. Daniel Sudia.) B: Surface view of a symmetrical cryo-EM 
reconstruction of mature DENV-2 particles, at 3.5 A resolution, as rendered from 


PDB 327.1929 C: DENV-2 glycoproteins rendered on the same cryo-EM 
reconstruction in panel B, colored as in Figure 7.5: red, E glycoprotein domain IJ; 
yellow, E domain II; blue, E domain III; green, E membrane-proximal and 
transmembrane domains; orange, M protein; slate, envelope membrane. D: 
Symmetrical cryo-EM reconstruction of immature DENV-1 particles, at 6 A 


resolution, as rendered from PDB 4B03.“49 Features are colored as in panel C 
except: orange, prM glycoprotein. 


Exquisite structural details of immature and mature flavivirus particles have been determined 
by cryo-electron microscopy and x-ray crystallography. Mature infectious particles display a 
relatively smooth, dimpled outer surface, with 90 antiparallel E glycoprotein dimers lying flat 
across the surface of the virion, tightly packed in a “herringbone” array that completely 


covers the lipid bilayer (Fig. 7.3C).°*° This packing involves two-, three-, and fivefold axes 
of symmetry, similar to a T = 3 icosahedral particle but lacking quasi-equivalence. Beneath 
this outer protein shell, the membrane-proximal and transmembrane domains of the M and E 
proteins interact with the membrane in orderly, regular intervals; beneath the lipid envelope, 
flavivirus nucleocapsids lack discernible symmetry and make intermittent contacts with the 
glycoprotein transmembrane domains.?°° Despite this seemingly well-ordered structure, 
flavivirus particles are not rigid, uniformly dimpled golf balls. Antibody neutralization 
studies have shown that the surface of DENV particles is conformationally dynamic and 
capable of strain- and temperature-dependent “breathing.”°°! Moreover, a subset of flavivirus 


particles form with fewer than 180 copies of prM—E%® and, as described below, mature virus 
particles display variable amounts of uncleaved prM. 


Immature virions are larger than mature virions, 60 nm in diameter, and display 60 
prominent spikes with icosahedral symmetry (Fig. 7.3D).°*° Each protrusion is composed of 
three prM—E heterodimers, with prM serving to protect the E fusion peptide against 
premature fusion during particle secretion. Within immature particles, the nucleocapsid 
appears as an asymmetric ovoid, displaced to one side of the virus particle.2°° As immature 
particles pass through the low pH environment of the trans-Golgi network, the 60 (prM—E); 


complexes dissociate and reform as 90 (prM—E), complexes, which lie flat against the 


envelope and give immature particles a smoother appearance.!°!® It is at this point that the 
trigger for fusion has been set, with E held in a pH-sensitive metastable conformation. 
Thereafter, prM is cleaved by the Golgi-resident host protease furin, leading to subsequent 
release of mature virions and free pr fragments. This process is imperfect: some flaviviruses, 
like DENV, release significant quantities of partially mature and immature particles.’°! 
Partially mature particles, which retain a mixture of M and uncleaved prM, can undergo 
attachment and fusion to initiate infection similar to fully mature particles. Released 
immature particles are incapable of triggering fusion and are noninfectious; however, 
immature particles opsonized by prM- or E-specific antibodies can infect Fc receptor—bearing 
cells.*°° The mechanisms of this antibody-dependent fusion are not well understood but may 
require cleavage of prM in the endosome. Importantly, immature and partially mature 
particles display envelope membrane and prM-—E conformations that are not exposed in 
mature particles, pleiomorphisms that have significant implications for antibody 
neutralization, viral entry, and pathogenesis.7°7»’6" 


Flavivirus-producing cells also secrete smaller, noninfectious subviral particles (SVPs), 
which contain E and M glycoproteins but lack nucleocapsids. SVPs complete the same 
maturation process as whole virions and can undergo fusion with target membranes; however 
due to lack of a genome-containing nucleocapsid, they are not infectious. Cells that express 
only prM and E release structurally similar “recombinant subviral particles’ (RSPs), 
indicating that the viral glycoproteins are sufficient to drive the budding process.'9*!° RSPs 
are approximately 30 nm in diameter and less dense than infectious virus particles (1.14 
g/cm?). RSPs have a markedly different arrangement of E glycoprotein, with only 30 E 


dimers lying flat against the surface in a T = 1 icosahedral shell rather than the herringbone 
pattern seen in mature virus particles.2°° 


Binding and Entry 


Flaviviruses enter target cells through receptor-mediated endocytosis, followed by 
intracellular membrane fusion. Bona fide flavivirus entry receptors have not been fully 
identified, although a number of important cellular entry factors have been 
characterized.*®””©! Binding of E glycoprotein to glycosaminoglycans (GAGs), such as 
heparan sulfate, can enhance cell surface attachment; however, cell culture—adapted 
flaviviruses with high affinities for GAGs are attenuated in vivo.°°° As mentioned above, 
ADE can lead to infection of Fc receptor— expressing cells with flavivirus particles opsonized 
with subneutralizing antibodies, which likely contributes to the pathogenesis of DSS and 
DHF in people previously exposed to other DENV serotypes.?*4 


A number of C-type lectins, which bind mannose-rich glycans and are highly expressed 
on several myeloid-derived cell types, have been implicated in flavivirus attachment and 
entry. In particular, the C-type lectin DC-SIGN can function as an attachment receptor for 
DENV infection of dendritic cells°®*°°°; this interaction may be particularly relevant when 
mosquito-produced virus particles, which display more high-mannose glycans and fewer 
complex glycans, encounter intradermal dendritic cells. In contrast, WNV preferentially 
binds DC-SIGNR, a related C-type lectin that is highly expressed on microvascular 
endothelial cells.!°° The mannose receptor, another C-type lectin, has been implicated in the 
endocytosis of DENV, JEV, and TBEV.°°? Interestingly, interaction of DENV particles with 
yet another C-type lectin, CLEC5A, does not mediate viral entry but can trigger the release of 
proinflammatory cytokines, which may contribute to dengue pathogenesis. °° 


Phosphatidylserine (PtdSer) receptors, which normally mediate recognition and 
phagocytosis of apoptotic cells, are another important class of flavivirus entry 
factors.487610,761 PtdSer, a phospholipid, is normally sequestered in the inner leaflet of the 
plasma membrane and membranes of the secretory pathway and only exposed to the 
extracellular milieu during apoptosis, when it serves as an “eat me” signal. Flaviviruses, 
which bud into the ER, may acquire envelope membranes enriched for PtdSer. Thus, when 
the viral envelope is exposed on the surface of immature, partially mature, and breathing 
flavivirus particles, it can be directly bound by T-cell immunoglobulin—mucin (TIM) 
proteins, a family of PtdSer receptors expressed on a variety of immune cells. Similarly, 
Tyro3, Axl, and Mer (TAM), a distinct family of PtdSer receptor—protein tyrosine kinases, 
can bind flavivirus particles indirectly via their soluble PtdSer-binding protein ligands Gas6 
and ProS.°!° While TIMs and TAMs can contribute to flavivirus entry, they are not essential 
for virus infection*®’; thus, their specific roles in viral entry and pathogenesis require further 
study. Finally, the endoplasmic reticulum membrane complex (EMC) reportedly plays an 
important but undefined role in flavivirus entry, perhaps by modulating the trafficking of host 


factors needed for viral internalization.°°° 


After binding to the appropriate receptor(s), flaviviruses are internalized by clathrin- 
mediated endocytosis and delivered to early or intermediate endosomes, which mature into 


late endosomes.?°* Fusion of the viral envelope with the bounding endosomal membranes 
occurs during endosomal trafficking, although the exact compartment where fusion occurs 


differs between flaviviruses, perhaps reflecting differences in pH optima.?** In the acidic 
environment, E protein dimers dissociate and undergo an irreversible conformational change 


to become fusogenic trimers.!®-8”* In this conformation, the fusion peptide, previously buried 
within the E homodimer interface, extends away from the viral envelope and inserts into the 
endosomal membrane (Video 7.1). The lipid composition of target membranes influences the 


pH threshold and efficiency of flavivirus fusion.44°°7°.8741970 Nevertheless, the flavivirus 


fusion mechanism is generally very rapid, complete within seconds after exposure to low 
pH. 149.718,932 


Flavivirus fusion is an active target of antiviral development, with a number of small 
molecules demonstrating potent virus-specific or broad activity against several 


flaviviruses.’'® Some of these compounds apparently target a hinge within the E glycoprotein 
that is needed to induce its conformational change into the fusogenic form. Other compounds 


may target the rate-limiting steps of trimer formation or fusion peptide extension. ‘4° 


Following in vitro dissolution of the viral envelope, viral genomes are immediately 


accessible for translation, suggesting that capsids can spontaneously uncoat.*4® Indeed, 
nucleocapsids isolated from virions are unstable in high salt, disassembling into C protein 


dimers.*** However, in vivo, it appears that postfusion capsid uncoating and genome 
translation require ubiquitylation of capsid protein.!*° 


Genome Structure 


As for other positive-strand RNA viruses, flavivirus genomes are infectious once delivered 
into the cytosol of target cells.”°? Several flavivirus infectious complementary DNA (cDNA) 
clones and replicons have been constructed, allowing the structure and function of the 
genome to be dissected via reverse genetics.2°*°8/° Flavivirus genomes consist of a single 
segment of positive-stranded RNA, approximately 11 kilobases (kb) in length (sedimentation, 
42S), with a type 15’ cap, ™’GpppA,,N, and lacking a 3’ poly-A tail (Fig. 7.4).!7497° The cap 


serves to initiate translation, stabilize viral RNA, and subvert innate antiviral defenses. !9%289 


Genomes encode a single long open reading frame (ORF, ~3,400 codons) flanked by 5’ and 
3’ noncoding regions (NCR) of approximately 100 nucleotides (nts) and 400 to 700 nts, 
respectively (Fig. 7.4A).°7° The NCRs contain cis-acting RNA structures and sequences 
important for viral gene expression, replication, and immune modulation. 
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FIGURE 7.4 Flavivirus genome structure and polyprotein expression. A: 
Genome structure and RNA elements. The viral genome is depicted with the 
structural and nonstructural (NS) coding regions, the 5’ cap, and the 5’ and 3’ 
noncoding regions (NCR) indicated. Functionally significant RNA structures 
within the DENV genome are illustrated, with pseudoknot base pairing indicated 
by gray lines. Insets include a model of DENV genome cyclization and the 
structure of the ZIKV xrRNA1 fragment, colored across the visible spectrum (5' 


blue—3’ red), as rendered from PDB 5TPY.!! B: Polyprotein processing and 
cleavage products. Boxes below the genome indicate precursors and mature 
proteins generated by the proteolytic processing cascade. Structural proteins are 
colored blue, while NS proteins are white or shaded according to their enzymatic 
subunits, as indicated. Cleavage sites for host signal peptidase, the viral NS2B-3 
serine protease, furin, and an unknown protease (?) are indicated. 


C: Polyprotein membrane topology. The proposed membrane orientation of the flavivirus 


proteins is shown. The proteins are approximately to scale (areas are proportional to the 
number of amino acids) and arranged in order (left to right) of their appearance in the 
polyprotein. 


Flavivirus 5’ and 3’ NCRs are poorly conserved across the genus, with particular divergence 
between mosquito-borne, tick-borne, and arthropod-specific flaviviruses and flaviviruses 
with no known vector, likely reflecting adaptation of these RNA structures to specific 
hosts.°*! Nevertheless, functionally important RNA structures and sequence motifs have been 
identified, including structurally conserved bifurcated 5’ stem—loop (SL) and large 3’ SL 
structures. A key unifying feature among flaviviruses is cyclization of their genomes via 
long-distance base pairing between the 5’ and 3’ ends.221928941 


Because the study of flavivirus 5’ and 3’ NCRs is complicated by their inherent 
variability, a paucity of rigorously determined RNA structures, and differences in 
nomenclature, this discussion focuses on DENV, which is the best characterized model of 
flavivirus 5’ and 3' NCR structures and genome cyclization. While the details differ between 
flaviviruses, the fundamental mechanisms elaborated with DENV appear to operate in other 
mosquito-borne flaviviruses and even extend to flaviviruses with other vector host ranges, 
despite low sequence similarity.°°°°72°*! The DENV 5’SL, frequently termed SL-A, is 
followed by a small SL-B, just upstream of the translational start site, that includes a 
sequence termed the 5’ upstream AUG region (5’'UAR) (Fig. 7.4A). Shortly within the 
capsid-coding region is another small SL, termed the capsid-coding region hairpin (cHP), 
followed by an unstructured 5’ cyclization sequence (5'CS) and additional small SLs.°*! 


The DENV 3’ NCR consists of three functionally distinct regions. Region I is the most 
variable, with deletions and point mutations frequently arising in mosquito-adapted DENV 
isolates, suggesting that its function is particularly important in vertebrate hosts.’4! Region I 
typically folds into two SLs, xrRNA1 and xrRNA2 (sometimes called SLI and SLII), the 
loops of which can base-pair just downstream of each SL to form two adjacent pseudoknots 
(Fig. 7.4A). These pseudoknots are tightly packed, essentially threading the RNA backbone 
through the pseudoknot and rendering this region of flavivirus genomes resistant to the 
cellular 5’ to 3’ exonuclease XRN1 (inset, Fig. 7.4A).''!°° Upon XRNI1 degradation of the 
genome, the resulting subgenomic flavivirus RNAs (sfRNAs) have immunomodulatory 
properties.®°° Region II folds into two conserved dumbbell structures, DB1 and DB2, that 
also form pseudoknots with downstream adjacent regions. In particular, DB2 base-pairs to 
the 3’CS, which has complementarity to the 5’'CS, while DB1 can base-pair directly to the 
capsid-coding region. Region II can also tolerate variability, with mutations that stabilize 
DB1 or destabilize DB2 arising in mosquito-adapted DENV isolates.'°° Region III, the most 
conserved part of the DENV 3’NCR, consists of a small hairpin (SHP) followed by a large, 
structurally conserved terminal 3'SL; the base of sHP and 3'SL are formed from the 3'UAR 
sequence, which has complementarity to the 5’'UAR. 


The DENV genome exists in a dynamic equilibrium between competing linear and 


cyclized structures, formed by long-distance base pairing between the 5’ to 3'UAR and 5’ to 
3'CS elements (inset, Fig. 7.4A). Mutations that disrupt or favor one conformation frequently 
select for reversions that restore this equilibrium.°*° The cyclized conformation is critical for 
RNA replication: SL-A binds the NSS RdRP domain and positions it to initiate minus-strand 
synthesis from the 3’ end, held proximal by genome cyclization.7°7°°461007 Genome 
cyclization also alters 5’ and 3’ secondary structures, leading to occlusion of the translation 
start site. Thus, large-scale genome conformation may regulate the switch from translation to 
RNA replication. Consistent with this, in vivo SHAPE analysis of DENV and ZIKV RNA 
confirmed that viral genomes are highly structured, containing several conserved structural 


motifs and transient long-distance base-pairing interactions.°°? 


Translation and Proteolytic Processing 


The efficiency of genome translation is a primary determinant of flavivirus infectivity.**° The 
viruses therefore use several mechanisms to ensure translational competence, including 
specialized structures within the 5’ and 3’ NCRs. Translation of flavivirus genomes is largely 
cap-dependent; 2’-O-methylation of the 5’ nucleotide also helps to overcome innate antiviral 
defenses that down-regulate translation in infected cells.!°? While translation initiates via 
ribosomal scanning, many mosquito-borne flaviviruses lack a canonical Kozak initiation 
motif and contain several AUG codons near the correct start site. To help ensure proper AUG 
selection, DENV uses a small RNA stem—loop embedded within the C gene to induce 


ribosomal pausing over the authentic initiation codon.!”° 


In addition to canonical cap-dependent mechanisms of translation initiation, DENV and 
ZIKV 5' NCRs are reported to have internal ribosome entry site (IRES) activity, capable of 
driving expression of a downstream reporter gene in bicistronic mRNAs within human cells, 
but not in mosquito cells.°°' Nevertheless, given that flavivirus genomes lacking a 5’ cap 
have approximately 1,000-fold reduced specific infectivity’°* and that flavivirus cap 
methylation activity is essential for RNA replication,?‘+!°** it appears that flaviviruses are 
more dependent on cap-mediated translation than on IRES activity. Interestingly, mutations 
in the 5’ SL-A partially restored replication of a WNV genome containing lethal mutations in 
the NSS methyltransferase active site!°**; it will be interesting to see whether these mutations 
increase IRES activity. Thus, perhaps flaviviruses encode a proto-IRES, reflecting an 
evolutionary midpoint between capped and uncapped genomes within the family and 
allowing flaviviruses to maintain genome translation under conditions of translation-arresting 
stress in vertebrate cells. Indeed, flavivirus genomes remain efficiently translated even as the 
translation of host mRNAs is down-regulated during infection.’°”7°° This preferential 
reprogramming of the translational apparatus involves activation of the MAPK-interacting 
Ser/Thr protein kinase 1, which phosphorylates eIF4E to enhance translation of capped 
mRNAs.’®° In addition, flaviviruses antagonize the formation of cytosolic RNA stress 


granules, ?+7°8-34 which inhibit virus genome translation and replication.!* 


Translation of the single, long ORF produces a large polyprotein that is co- and 


posttranslationally cleaved into at least 10 proteins (Fig. 7.4B). The N-terminal region of the 
polyprotein encodes the structural proteins C-prM-—FE, which are followed by the NS proteins 
NS1-NS2A-NS2B-NS3-NS4A-—2K-—NS4B-NS5.!°®-©° Host signal peptidase is responsible 
for cleavages of C/prM, prM/E, E/NS1, and 2K/NS4B. Please note that dashes are used to 
refer to uncleaved polyproteins (e.g., NS4A-2K-NS4B) or to protein complexes (e.g., NS2B- 
3); slashes specifically refer to cleave sites within the polyprotein (e.g. C/prM). A virus- 
encoded serine protease, NS2B-3, processes at the NS2A/NS2B, NS2B/NS3, NS3/NS4A, 
NS4A/2K, and NS4B/NS5 junctions. The enzyme responsible for NS1-2A cleavage is 
presently unknown. The predicted topology of the flavivirus polyprotein is depicted in Figure 
7.4C. 


Features of the Structural Proteins 


Capsid (C) Protein 


The capsid (C) protein is a small (~12 kDa), positively charged protein that binds RNA with 
high affinity and low specificity; its major function is to encapsidate the viral genome within 
flavivirus particles. C is initially synthesized as an uncleaved C—prM precursor; processing of 
this intermediate occurs in two steps: cleavage by the viral serine protease on the cytosolic 
side of the transmembrane domain to release mature C, followed by signal peptidase 
cleavage on the lumenal side to generate the N-terminus of prM.°“* This coordinated 
cleavage results from the combination of a fairly short (14-22 aa) signal sequence, a 
suboptimal signalase cleavage site, and downstream regions of prM and E.°**®87° Mutations 
that uncouple signal peptidase cleavage from viral serine protease cleavage lead to increased 
production of empty virus particles.49°°*° Coordinated cleavage therefore serves to delay 
structural protein processing until the viral serine protease has accumulated and replication is 
under way, which may limit the release of immunogenic but noninfectious SVPs early in 
infection. In addition, this delayed cleavage mechanism renders flaviviruses highly 
dependent on signal peptide complex protein SPCS1.!07° 

Mature C protein folds into a compact dimer with each monomer contributing four alpha 
helices that enwrap to form a wedge-like core (Fig. 7.5A). The N-terminal approximately 25 
aa of C remains unstructured and encodes several basic residues; along with basic residues on 
the surface of a4, this region is involved in RNA binding.'*® On the opposite surface, a2 
displays a hydrophobic surface that mediates membrane association of C.!28-°72 
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FIGURE 7.5 Flavivirus structural proteins. A: Flavivirus C protein structure. 
The WNV C protein dimer is shown, with helices colored sequentially N-blue, 


green, yellow, and red. Rendered from PDB 1SFK.2!° B: Structure of the 
trimeric prM—E glycoprotein complex on the surface of immature DENV-1 
particles. One E monomer is colored red (domain I), yellow (domain II), blue 
(domain III), cyan (fusion loop), and green (membrane-proximal and 
transmembrane domains); one prM monomer is colored orange. Rendered from 


biological assembly 2 of PDB 4B03.4*9 C: The structure of a mature ZIKV E 


glycoprotein dimer as viewed perpendicular to the lipid bilayer, with one 


monomer colored as in (B), rendered from PDB 6CO8.°2° For simplicity, the E 
and M membrane-proximal and transmembrane domains are hidden from view. 
D: The structure of a mature ZIKV E glycoprotein dimer as viewed lateral to the 


lipid bilayer, colored as in (B), as rendered from PDB 6C08.828 E: TBEV E 
protein trimers in their postfusion form, colored as in (C). Rendered from PDB 


1URz.114 


Despite its compact, well-ordered structure and essential function in virus particle formation, 
the flavivirus C protein is actually poorly conserved and demonstrates remarkable structural 
plasticity. YFV C retains its ability to package RNA even after deletion of nearly 40 residues 
from the N-terminus or 27 residues of the C-terminus; internal deletions of the hydrophobic 
sequence are less tolerated.°°’ The TBEV C protein remains functional even after deletion of 
16aa from the central hydrophobic helix, albeit with increased production of empty 
particles.*°° Mutants containing larger deletions are not viable but can be rescued by second- 
site changes that increase the hydrophobicity of downstream sequences.*?’ WNV tolerates 
small deletions in hydrophobic helix a2 to various degrees; remarkably, infectivity of the 
deleted genomes was improved by even larger deletions—up to one-third of the C protein 
sequence—encompassing all of helix @3.°!° It is not yet clear how C protein dimers are 
organized within the apparently disordered nucleocapsids, but RNA or DNA can induce 
isolated C protein dimers to assemble into nucleocapsid-like particles in vitro.*77 


Small amounts of flavivirus C protein localize to the ER and to the outer surface of lipid 
droplets (LDs),!*87°9 which are ER-derived cytosolic reservoirs of neutral fatty acids and 
cholesterol esters. However, a large fraction of C localizes to the nucleus and to the nucleolus 
in particular.!*-8* Since virus assembly occurs on the cytosolic surface of the ER, the 
function of nuclear localization is unclear. Nuclear localization (and LD localization) may 
serve to sequester C away from replication complexes until it is needed for virus assembly or 
may simply reflect the fact that clusters of basic residues, which are found in the RNA- 
binding regions of C, also serve as nuclear localization signals. On the other hand, DENV C 
can interact with histones and disrupt nucleosomes!®*; it also interacts with nucleolin, which 
may contribute to virus particle assembly.“ In addition to these intranuclear interactions, 
YFV C reportedly inhibits RNA interference (RNAi) via its RNA-binding activity,°°° while 
the ZIKV C protein can enhance the replication of other RNA viruses without inhibiting 


RNAi.2°4 


Precursor Membrane (prM) Glycoprotein 


The glycoprotein precursor of M, prM (~26 kDa), functions as a chaperone for the E 
glycoprotein. The N-terminal pr region has a unique fold consisting of seven f strands, with 


six conserved, disulfide-linked cysteines, and one to three N-linked glycosylation sites>?’; 
prM folds rapidly after synthesis and assists in proper folding of the E glycoprotein.**° In 
addition to interactions through their ectodomains, the C-terminal transmembrane domains of 
prM and E heterodimerize and act as an ER-retention signal for the prM—E complex.°87°89 


A key function of prM is to prevent E from undergoing premature acid-catalyzed fusion 
as virus particles transit through the secretory pathway.°*°°>* In immature particles, the pr 
region sits at the tip of the E protein, forming the pr—E spike and shielding the fusion peptide 
from the cellular environment (Fig. 7.5C).°°” The acidity of the trans-Golgi compartment 
induces a global rearrangement of prM-—E, exposing the furin cleavage site within 
prM.%64,1016,1029 ‘A fter cleavage, the pr peptide remains associated with virus particles until 
exposure to neutral pH of the extracellular space.20410!71016 


As a Structural protein that sets the trigger for flavivirus fusion, prM is a key determinant 
of flavivirus pathogenesis. Incomplete furin cleavage of prM gives rise to partially mature 
virus particles that display different epitopes and the PtdSer-rich envelope membrane, which 
can influence cell entry and tropism.’”°! This is particularly apparent for DENV prM, which 
features suboptimal furin cleavage’®'; indeed, prM-specific antibodies can contribute to ADE 
in secondary DENV infections.*°* Furthermore, a single point mutation on the surface of the 
pr region was reported to contribute to ZIKV pathogenesis in a murine model of 
microcephaly, although the epidemiological impact of this mutation on human infections is 


still under debate.2!9:1017 


Envelope (E) Glycoprotein 


Flavivirus E (~53 kDa) is the prototype class II fusion protein that, unlike class I and III 
fusion proteins, do not make preformed trimers. E mediates receptor binding and membrane 
fusion and is the major neutralizing antigen on the surface of flavivirus particles. E contains 
12 conserved cysteines that form intramolecular disulfide bonds; it is anchored to the viral 
envelope by adjacent C-terminal transmembrane anchors; and in some viral species, E is N- 
glycosylated. Proper folding, ER retention, secretion, and acid stabilization of E is dependent 
on coexpression with prM.*4° 


As originally isolated and crystallized in its prefusion conformation from mature TBEV 
particles,“°? E folds into an elongated P-sheet—rich structure, forming head-to-tail 
homodimers that lie parallel to the virus envelope (Fig. 7.5C, D). Each E monomer consists 
of three domains: DI, which forms an eight-stranded f-barrel; DII, a long, finger-like domain 
that projects along the virus surface; and DIII, which has an immunoglobulin-like fold. The 
interfaces between DI and DII and between DI and DIII, which contain conserved histidine 
residues, act as pH-sensitive hinges.°°' The DI-DII interface also contains a hydrophobic 
pocket that can accommodate a B-octylglucoside detergent molecule.™! The fusion peptide is 
located at the tip of the DII finger, buried in a distinct hydrophobic pocket formed by DI and 
DIT of the partner monomer; this intermolecular interface is also where pr binds and is a 


major neutralizing epitope.’°* DIII, which slightly protrudes from the virion surface, is a 
determinant of host tropism and a target of neutralizing antibodies**!’°*; DIII is therefore 
postulated to bind receptors, although DIlII-specific receptors have not yet been identified. 
Between the ectodomain of E and the membrane is a short but functionally important stem 
region composed of two a-helices that lie parallel to the plane of the membrane.7”!07° 


Upon exposure to low pH, the dimer-stabilizing histidine residues in E become 
protonated, causing E dimers to dissociate into monomeric subunits, which spontaneously 
reform as fusogenic trimers.®°! In its postfusion conformation (Fig. 7.5E), E is folded back 
onto itself, bringing the N-terminal fusion peptide (and target membrane) into proximity with 
the C-terminal transmembrane domain (and viral envelope).°** To accomplish this, DII must 
rotate relative to DI, similar to the displacement of DII seen in crystals of native E protein 
grown in the presence of B-octylglucoside.°*!4* Furthermore, DIII must rotate and fold back 
more than 30 A in relation to DI. Thus, flavivirus fusion is blocked by DIII-specific 
neutralizing antibodies or soluble, recombinant form of DIII, which inhibit these 
rearrangements.°~?°8° Based on these mechanistic insights into the structure and function of 
E, a number of small molecules are under development as flavivirus fusion inhibitors and 
potential antiviral therapies. '4°718 


Features of the Nonstructural Proteins 


NS1 Glycoprotein 


NS1 (~46 kDa) is a high conserved, homodimeric glycoprotein that is retained within the 
early secretory pathway and also secreted from flavivirus-infected cells. NS1 has important 
roles in RNA replication and virus particle assembly; it is also a major humoral antigen, an 
immunomodulator, and a key determinant of flavivirus pathogenesis. 


NS1 is cleaved from E by host signal peptidase; its C-terminus arises via cleavage at the 
NS1/NS2A junction by an unknown ER-resident host enzyme that requires the eight C- 
terminal residues of NS1 and an undefined portion of NS2A.7*%.2°° A report that NS1 has a 
C-terminal GPI-anchor has not held up to further scrutiny.2°®97! Flaviviruses in the JEV 
serogroup also express an elongated form of NS1, termed NS1’, which arises through a -1 
ribosomal frameshifting event near the NS1-2A junction and terminates approximately 52 
codons downstream.*°”°°° NS1 contains 2 or 3 N-linked glycosylation sites and 12 
conserved cysteines that are disulfide bonded. 


Shortly after synthesis, NS1 forms stable homodimers that have an affinity for 
membranes. X-ray crystallography has revealed that NS1 consists of three domains: a small, 
N-terminal f-hairpin that interdigitates with the corresponding region of another NS1 
monomer, forming a “f-roll” that drives stable dimer formation; a “wing” domain that 
includes a flexible loop and 2 N-linked glycans; and a long, C-terminal 9-stranded 
antiparallel B-sheet that forms an 18-rung “B-ladder” across the dimer interface (Fig. 7.6).! 


The near-planar arrangement of the wings and f-ladder render the NS1 dimer relatively flat, 
presenting one polar “outer” surface that displays epitopes and localized regions of 
variability, and one extended, hydrophobic “inner” surface that mediates peripheral 
membrane interaction. Based on this membrane association, purified NS1 can coat liposomes 
and remodel them into smaller lipoprotein particles.‘° Although it is not yet clear if this 
membrane rearrangement activity is relevant for the formation flavivirus replication 
complexes, a recent study has shown that NS1 is essential for the formation of vesicle 
packets (VPs), which are the sites of viral RNA replication.’~° 
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FIGURE 7.6 Flavivirus NS1 glycoprotein. A: Top view of ZIKV NS1 dimer, 

with one monomer colored to highlight the B-ladder (red), wing (yellow), and f- 


roll (blue). Rendered from PDB 5K6K.!!9 B: Side view of ZIKV NS1 dimer, 
showing the inferred membrane-interaction surface, rendered as in (A). C: 
Model of the ZIKV NS1 hexamer, showing a central hydrophobic channel, 
rendered as in (A). 


Intracellular NS1 dimers are retained in the early secretory pathway and localize to the 
lumenal side of viral replication vesicles, where they play an essential but enigmatic role at 
an early stage of RNA replication.°78°’° As RNA synthesis occurs on the cytosolic side of 
these membranes, NS1 fulfills this essential function, at least in part, via interaction with two 
polytopic membrane proteins, NS4A and NS4B or the NS4A-2K-NS4B precursor.?°”72° 1010 
The intracellular form of NS1 also contributes to virus particle assembly via interactions with 
prM and E.°°9975 

Secreted NS1 (sNS1) forms soluble, hexameric lipoprotein particles of approximately 10 
nm composed of three dimers held together in a barrel configuration surrounding a lipid core 
(Fig. 7.6C).1°%7 DENV sNS1 was originally identified as a soluble, complement-fixing 
antigen present at high levels during the acute phase of DENV infections®°®.9°°; indeed sNS1 
is a diagnostic marker of flavivirus infections more broadly. Because of its abundance and 
multivalent structure, sNS1 is highly antigenic and induces strong humoral immune 


responses, including complement-fixing antibodies; NS1 can also directly inhibit thrombin 
and inhibit and/or stimulate components of the complement pathway.?°® While NS1-specific 
immune complex formation, reduced clotting activity, and complement activation all likely 
contribute to flavivirus pathogenesis, sNS1 also directly binds to and modulates relevant 
target cell types. For instance, DENV sNS1 is bound and internalized by hepatocyctes, 
enhancing subsequent infection of these cells.'* The mechanism whereby a secreted 
replication protein prepares cells for subsequent infection remains unclear but theoretically 
could enhance cross-species transmission. In fact, a genetic polymorphism in ZIKV 
correlates with higher sNS1 levels and increased ZIKV transmission to mosquitoes.°°9 
DENV sNS1 also binds to the innate immunity pattern recognition receptor TLR4 on the 
surface of monocytes, triggering release of proinflammatory cytokines, and on the surface of 
endothelial cells, triggering vascular leakage.’°®°? Surprisingly, sNS1 proteins from 
different flaviviruses disrupt endothelial barriers in a tissue-specific manner that resembles 
the tropism of the parental viruses.’°° 


A fraction of NS1, presumably in dimeric form, is also expressed on the surface of 
infected cells via interaction with surface GAGs.°’ Cell surface-expressed NS1 can be 
recognized by NS1-specific antibodies, and NS1-specific antibodies can protect animals from 
lethal disease through direct complement-mediated lysis of infected cells, FcyR-mediated 
phagocytosis, or via complement- and FcyR-independent mechanisms.?”° 


NS2A and NS2B Proteins 


NS2A is a small (~22 kDa) polytopic membrane protein with important functions in RNA 
replication and virus assembly. While the NS1/2A junction is cleaved by an unidentified ER- 
resident protease, the NS2A C-terminus is generated by NS2B-3 serine protease cleavage in 
the cytosol, suggesting that NS2A contains an odd number of transmembrane domains. NS2A 
contains eight membrane-interacting regions; its membrane topology has been inferred 
through genetic approaches although NS2A structure still awaits rigorous biochemical 
determination.°**9°” For some flaviviruses, the viral serine protease also cleaves at an 
internal site within NS2A to generate a C-terminally truncated form, NS2Aqa.°’! Mutations at 
the YFV NS2Aq cleavage site have minimal effect on RNA replication but block virus 
particle production; these defects can be suppressed by a second mutation on the surface of 
the NS3 helicase domain.*°’ Additional mutational analyses have identified NS2A residues 
critical for RNA replication, virus particle assembly, and interaction with NS2B and NS3, 
although the structure and function of NS2A remains elusive.200-944982,983,988 


Several flavivirus NS2A proteins have been reported to inhibit innate immunity. 
Mutations within the WNV NS2A gene enhance interferon-f promoter—driven transcription 
and attenuate WNV pathogenesis in mice, implying that the wild-type NS2A may function to 
inhibit this pathway.°°°°** Consistent with this, expression of DENV-2 NS2A inhibits 
interferon-6—stimulated gene induction and enhance the replication of an interferon-sensitive 
reporter virus.°°° Moreover, DENV NS2A inhibits TBK-1, a kinase that integrates input from 


several innate sensing pathways to phosphorylate IRF3.!9! 

NS2B, a small (~14 kDa) membrane-associated protein, is an essential cofactor for the 
NS2B-3 serine protease activity and anchors this enzyme complex to cellular 
membranes.!”**°! NS2B's protease cofactor activity resides within a central peptide that 
intercalates within the fold of the serine protease domain.*** DENV NS2B can target the 
human innate immune DNA sensor cGAS for lysosomal degradation, independent of its 
protease cofactor activity, thereby inhibiting innate immunity.° Mutational analysis has also 
identified determinants of RNA replication and virus particle assembly within the 
transmembrane domains of NS2B,°% regions that were also found to interact with the 
SPCS1, a host-dependency factor for multiple flaviviruses.°”*!°7° 


NS3 Protein 


NS3 is a large (~70 kDa) multifunctional protein, encoding enzymatic activities required for 
viral gene expression and RNA replication. The N-terminal third of the protein is the catalytic 
domain of the NS2B-3 serine protease, which has a chymotrypsin-like fold (Fig. 7.7A). X- 
ray crystallography revealed that the NS2B cofactor contributes one f-strand to an essential 
B-barrel of this protease fold.**+°°? The NS2B-3 serine protease cleaves substrates containing 
adjacent basic residues at the NS2A/NS2B, NS2B/NS3, NS3/NS4A, and NS4B/NS5 
junctions.!41!4* Secondarily, the NS2B-3 serine protease generates the C-termini of capsid 
and NS4A proteins via delayed cleavage and cleaves internal sites within NS2A and NS3. 
DENV NS2B-3 can also cleave the human innate immune adaptor protein STING, inhibiting 
type I interferon induction.’ Because NS2B-3 protease activity is essential for flavivirus gene 
expression, and because protease inhibitors have proven to be useful therapeutics against 
other viruses including hepatitis C virus (HCV) and human immunodeficiency virus, NS2B-3 
is considered to be a high-priority target for antiviral development. 
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FIGURE 7.7 Flaviviridae NS3 proteins. A: The structure of the WNV NS2B-3 
serine protease domain, with NS2B cofactor peptide (green), NS3 protease 
domain (pink), and a substrate-competitive inhibitor (black). Active site residues 
are shown in red. Rendered from PDB 2FP7.2*4 B: Structure of the DENV-4 
NS3 helicase domain with (left) or without (right) bound RNA substrate (colored 
spheres) and ATP analog (black). Note the ATPase active site (red) becomes 
structured at the interface of domain I (cyan) and domain II (purple) upon RNA 
binding. The RNA is bound within a cleft formed by the first two domains and 
domain HI (gold). Rendered from PDBs 2JLQ and 2JLV.°©© C: Structural 
interdomain flexibility within full-length NS3. Shown are two conformations of 


full-length DENV-4 NS3 as rendered from PDBs 2VBC°?°° and 2WHX?%%, 
respectively; MVEV from PDB 2WV9°**; HCV from PDB 1CU19"°; and CSEV 


from PDB 5MZ4?2. Helicases were structurally aligned, with molecular 
surfaces colored as in panels (A) and (B) and the protease—helicase linker 
peptide in yellow. 


As for other members of the Flaviviridae, NS3 encodes a C-terminal superfamily 2 


nucleoside triphosphatase (NTPase)-RNA helicase.°*°* In vitro, NS3 has demonstrated RNA- 
stimulated NTPase and RNA unwinding activities, and mutational analyses confirm that 


these activities are essential for RNA replication.°°”9°>9°° However, it is not yet clear what 
specific role the NTPase-RNA helicase performs in the viral life cycle, nor whether this 
enzyme unwinds double-stranded replicative intermediates (RI) in vivo. The helicase domain 
also exhibits RNA triphosphatase (RTPase) activity, which is presumed to remove the 5’ y- 
phosphate, yielding 5’ dephosphorylated genomes for subsequent capping.’°? The NTPase, 
RNA helicase, and RTPase activities of NS3 all depend on the Walker B motif, indicating 
that all three nucleic acid—modifying activities utilize a common active site.°°” In addition 
to its essential but undefined role in RNA replication, the helicase domain of NS3 is also 
implicated in the assembly of virus particles.2°9-4°9-°°% This role in virus assembly appears to 
be genetically separable from NS3's NTPase—-RNA helicase activities~°?°°? and may involve 
recruitment of the ESCRT pathway components to facilitate budding.'*° However, because 
flavivirus particle assembly is tightly coupled to RNA replication,**! an additional role for 
helicase activity in virus assembly has not been formally excluded. In the context of full- 
length NS2B-3, the helicase also inhibits innate immunity, perhaps by unwinding double- 
stranded RNAs (dsRNAs).°7 

The NS3 helicase domain consists of three subdomains: two RecA-like subdomains that 
are conserved among all superfamily 2 helicases and an a-helix—rich C-terminal subdomain 
that is common to all Flaviviridae but structurally distinct between genera.°©?9819% This 
latter region, subdomain 3, mediates critical interactions with NS5.°°° The NTP active site 
resides at the interface of the RecA-like subdomains 1 and 2, while RNA is bound in a cleft 
between subdomains 1 and 2 and subdomain 3 (Fig. 7.7).°°2°°° Full-length NS3 structures 
have revealed both structural flexibility and coordination between the serine protease and 
helicase domains.°°°, °°, °° Thus, the flexible linker region likely plays an important role in 
coordinating these enzyme activities. 

In addition to its enzymatic activities, DENV NS3 can also antagonize innate immunity 
by binding to the cellular 14-3-3e protein.‘*° Truncated forms of NS3, which result from 
NS2B-3 serine protease cleavage within the helicase domain, have been observed in vitro and 
in vivo.°!797904 The role of these cleavages is unclear, although it is possible that the 
products could have a distinct function. In this regard, replication defects caused by helicase 
domain mutations can be complemented in trans, while serine protease domain activities are 


required in cis.294:420.°41 


NS4A and NS4B Proteins 


NS4A (~16 kDa) and NS4B (~27 kDa) are small, polytopic membrane proteins that 
contribute to RNA replication and subversion of innate immunity. These proteins are initially 
synthesized as a NS4A-2K-4B precursor that is cleaved by the NS2B-3 serine protease and 
host signal peptidase; similar to the coordinated processing of C protein, upstream cleavage 
by NS2B-3 at the NS4A/2K junction is a prerequisite for downstream cleavage by signal 
peptidase at the 2K/NS4B junction.°*~7°? Expression of NS4A, NS4B, or NS4A-2K-4B has 
differing effects on cellular membranes’®?: thus, the coordinated cleavage of NS4A-2K-4B 
likely impacts the temporal assembly of membrane-bound replication complexes. In fact, 
mature NS4A, but not NS4A-2K, induces membrane alterations suggesting that removal of 
the 2K peptide is important for membrane activity.°°* The regulation of this cleavage is not 
fully understood, but it is interesting to note that in DENV-infected cells, NS1 selectively 


interacts with NS4A-2K-4B, but neither with mature NS4A nor NS4B.7*° Furthermore, 
NS2B-3 cleavage at the YFV NS3/4A and NS4A/2K junctions is highly dependent on 
DNAJC14, an Hsp40 cochaperone of Hsp70-mediated protein folding and a host factor 
required for the replication of multiple flaviviruses.!07.1007 

NS4A consists of an approximately 50-aa N-terminal cytosolic region, a transmembrane 
domain, a lumenal amphipathic helix, and a second transmembrane domain; a third 
transmembrane domain, 2K, is removed via NS2B-3 proteolysis.°°* NS4A forms higher- 
order structures via its first transmembrane domain, which mediates both homo- 
oligomerization and heterodimerization with NS4B.49°!4° NS4A localizes to replication 
complexes and contributes to RNA replication via genetic interaction with NS1.°°4°789° 
NS4A can also serve as a cofactor of the NS3 helicase, increasing the efficiency of NTPase 
activity.°“* Moreover, mutations in NS4A and 2K have been found to confer resistance to a 
potent inhibitor of flavivirus replication and to overcome superinfection exclusion, further 
implicating these proteins in RNA replication.'0°8-104! 

NS4B consists of an N-terminal lumenal region, two transmembrane domains separated 
by a long cytoplasmic loop, and a third transmembrane domain that can posttranslationally 
insert across the membrane.°°>»!°°° For some flaviviruses, the N-terminal lumenal region is 
glycosylated on one or two asparagine residues; mutation of these glycosylation sites cause 
defects in DENV RNA replication.°°° NS4B forms homodimers,!°? localizes to sites of 
RNA synthesis,°°° and maintains critical interactions with several other replicase 
components, including NS1, NS3, and NS4A.1°31010,1037,1040 The interaction of NS4B with 
NS3 may serve to enhance helicase activity.?*? The DENV NS1-NS4B complex was shown 
to interact with MAGT1, a subunit of the N-oligosaccharide transferase (OST) complex, and 


DENV replication is dependent on MAGT1 oxidoreductase activity.°*4 This interaction may 
explain why OST is essential for the replication of several flaviviruses, independent of OST 
activity.°24589.,738 


Both NS4A and NS4B can inhibit innate immune activation. The DENV-2 NS4A protein 


binds mitochondrial antiviral-signaling (MAVS), a mitochondrial innate immune adaptor 
protein, inhibiting its activation by RIG-I.°*8 DENV-1 NS4A also inhibits TBK-1,'°! and 
several flavivirus NS4B proteins potently antagonize TBK-1 as well as JAK/STAT1 
signaling.!9159:6° In addition, DENV NS4B counteracts innate immunity by dampening 
integrity of the mitochondria-associated membranes (MAMs) that serve as platforms for 
innate immune signaling.!°* Finally, WNV NS4A and NS4B expression cause ER stress, 
inducing an unfolded protein response that down-regulates JAK/STAT signaling through 
ATF-6,79:74 


NS5 Protein 


NSS is a large (~103 kDa), highly conserved, and multifunctional protein essential for 
flavivirus RNA synthesis and capping. The N-terminal domain encodes RNA capping 
activities, while the C-terminal domain is the viral RdRP. In addition, NS5B modulates host 
gene expression and antagonizes innate immune activation. 

The structure of the capping domain is shown within the context of full-length NS5 (Fig. 
7.8A). Flaviviruses modify their genomes with a type 1 5’ RNA cap in a stepwise process: (a) 
removal of 5’ y-phosphate from a triphosphorylated RNA substrate, presumably by the 
RTPase activity of the NS3 helicase domain®®’; (b) addition of a 5’ to 5’ guanosine cap (from 
GTP) by a guanylyltransferase activity within the NS5 capping domain*?!®°; (c) addition of 
a methyl group (from S-adenosylmethionine) to the N7 position of the guanylyl cap by NS5's 
methyltransferase (MTase) activity*?!)”°*; and (d) methylation at the 2'O position of the +1 
nucleotide by a distinct NS5 MTase active site.*°!’°4 Thus, the capping of nascent viral 
RNAs requires coordination of the NS5 RdRP domain, the NS3 helicase domain, and the 
NS5 capping domain.!?” Mutational analyses showed that the cap methylation steps are 
separable and that N7 methylation is required for viral translation and replication, while 2'-O- 
methylation allows the virus to avoid innate antiviral defenses. !90214494,794,1054 
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FIGURE 7.8 Flaviviridae NS5 and NSSB proteins. A: Full-length DENV-3 NS5 
was labeled to highlight the capping domain (wheat) and the canonical RdRP 


fingers (cyan), palm (pink), and thumb (blue) domains. Catalytic Mg2t and 


structural Zn2* ions are indicated, as is 7G, the substrate for cap addition, and 
SAH (S-adenosyl-t-homocysteine), the by-product of the methylation reaction. 


Rendered from PDB 5DTO.!928 B: The HCV NS5B RdRP is shown with bound 
template RNA; the HCV-specific C-terminal extension is shown in yellow. 


Rendered from PDB 1NB7.°°! C: The BVDV1 NS5B RdRP is shown modeled 
in the GTP-bound state by rendering PDB 2JCQ!©9 and the GTP analog from 
2J7W.””" The pestivirus-specific N-terminal extension is shown in green. 


The C-terminal domain of NS5 contains conserved RdRP motifs and structurally resembles 
other RNA polymerases, forming a “right-hand” structure with palm, fingers, and thumb 
subdomains (Fig. 7.8A).107°84999 NSS RNA polymerase activity has been confirmed with 
purified, recombinant protein.*®°° The major product of in vitro RdRP reactions is often a 
self-primed copy-back RNA; however, NS5 can initiate de novo RNA synthesis, which likely 
reflects the authentic mechanism in infected cells.*°”?!°!° This unprimed RNA synthesis 
requires high concentrations of GTP, which binds within a GTP pocket much like a nascent 
RNA strand and helps to stabilize the initiating NTP.1°7°”" 


Structures of full-length NS5 reveal flexibility in the linker between the capping and 
RdRP domains, with conserved interdomain interfaces and the potential to form functionally 
relevant homodimers.!°7!27-42° NS3 presumably binds to the NSS linker region in order to 
coordinate RNA synthesis with capping activities, and plausible models for NS3-NS5 
interaction have been proposed, whereby nascent RNAs are modified and capped as they exit 


the RdRP,!°” very much like the capping assembly line originally described for bluetongue 
virus, a member of the Reoviridae.®’® NS5 does indeed form a complex with NS3 and 
stimulates its NTPase and RTPase activities.'®°-'°°° Cross-linking studies have shown that 
both proteins bind to the 3’ SL of the viral genome, which, together with genome cyclization, 
may serve to initiate minus-strand synthesis by 5’ SL-bound NS5.!°4 


NSS has been shown to localize to sites of viral RNA synthesis for only a few 
flaviviruses.°’”°°° This is likely because only a small fraction of NS5 cofractionates 
biochemically with replicase activity**!9*°; rather, NS5 frequently localizes to the nucleus of 
flavivirus-infected cells, where it has been proposed to dysregulate gene expression and 
splicing.!71198:508 Because the NSS nuclear localization signals frequently overlap critical 
structures within the RdRP, it has been challenging to dissect the role of NS5's nuclear 
localization from its role in viral replication. Nevertheless, at least two groups have identified 
DENV mutants that replicate well with little or no nuclear NS5 localization.*°°°°” In 
addition, NS5 has been shown to block the Jak/STAT pathway of IFN signaling by a variety 


of mechanisms.’222 


Ultrastructure and Biogenesis of the Flavivirus Replication 
Organelle 


In flavivirus-infected cells, replicase activity is associated with membrane fractions that are 
enriched for most viral proteins.‘°’ Upon treatment of these membrane fractions with 
nonionic detergents, viral RNA and proteins are rendered sensitive to degradation, arguing 
that membranes are protecting viral components against nucleolytic and proteolytic attack. 
Consistent with this observation, the flavivirus replication organelle consists of ER 
membrane invaginations toward the ER lumen,!®4+294299,636,683,966 giving rise to vesicles, 
which in the case of DENV have an average diameter of about 90 nm (Fig. 7.9). These 
vesicles are linked to the cytosol via a pore-like opening that has a diameter of around 11 nm 
(Fig. 7.9H). Thus, the lumen is topologically identical to the cytosol but provides a shielding 
environment, for example, to limit the access of pattern recognition receptors (PRRs) to viral 
RNA.®°2°27 Tn 2D sections, these membrane invaginations appear as arrays of vesicles in ER 
tubes designated VPs.°’%9°°972 VPs have been found in all flaviviruses studied thus far, 
including ZIKV, WNV, and TBEV.!84294,299.636,83,966 Although several lines of evidence, 
including metabolic labeling of RNA, in situ hybridization, and immunodetection of dsRNA, 
suggest that VPs are the site of viral replication,°°°°”° firm proof demonstrating de novo 
synthesis of viral RNA in the vesicle lumen is still lacking. 


in DENV-infected cells. Shown is a thin-section TEM image of DENV-infected, 
resin-embedded Huh-7 cells fixed at 24-hour postinfection. Ve, virus-induced 
vesicles; T, membrane tube; CM, convoluted membranes; Vi, clusters of virus 
particles. B: Single tomographic slice (~2 nm thick) showing DENV-induced 
vesicular invaginations toward the ER lumen. A virus particle (black arrowhead) 
is seen in the ER-proximal nuclear envelope. C:3D reconstruction of vesicle 
packets and cellular membranes in close proximity. Virus particles (white arrow) 
are shown as red spheres. D: The vesicle-containing ER segment shown in (C), 
rotated by 90 degrees around the y-axis to visualize the vesicle openings. E:3D 
reconstruction of an ER-luminal vesicle in WNV-infected cells. An electron- 
dense structure assumed to correspond to viral RNA in the vesicle interior is 
shown in red. F: Membrane alterations induced by TBEV infection. The 
tomographic slice shows several vesicles in the ER lumen in close proximity to 
newly assembled virus particles residing in the same ER luminal compartment 
(yellow arrowheads). G:3D surface rendering of the area in (F), displaying 
TBEV-associated vesicles (light yellow) sharing the ER lumen with TBE virions 
(dark red) and surrounded by ER membranes (light brown). H: Single slices of 
tomograms showing DENV-induced vesicles as invaginations of the ER 
membrane (white arrowheads). Note the diffuse electron density at the cytosolic 


face of the vesicle openings and the tight apposition of vesicle openings to the 
opposing ER membrane containing a virus particle (black arrowhead). A 3D 
surface rendering of the ER/vesicle continuity (yellow) and the tightly apposed 
ER (semitransparent) containing a virus particle (red) are shown in the right 
panel. (Panels (A—D) and (H) were adapted from Welsch S, Miller S, Romero- 
Brey I, et al. Composition and three-dimensional architecture of the dengue virus 
replication and assembly sites. Cell Host Microbe 2009;5(4):365—375. Copyright 
© 2009 Elsevier. With permission. Panel (E) adapted from Gillespie LK, 
Hoenen A, Morgan G, et al. The endoplasmic reticulum provides the membrane 
platform for biogenesis of the flavivirus replication complex. J Virol 
2010;84(20):10438-10447. doi: 10.1128/JVI.00986-10. With permission from 
American Society for Microbiology. Panels (F) and (G) adapted from Miorin L, 
Romero-Brey I, Maiuri P, et al. Three-dimensional architecture of tick-borne 
encephalitis virus replication sites and trafficking of the replicated RNA. J Virol 
2013;87(11):6469-6481. doi: 10.1128/JVI.03456-12. With permission from 
American Society for Microbiology.) 


In addition to VPs, bundled smooth ER membranes, designated as convoluted membranes 
(CMs), are often found in close proximity to VPs and mitochondria (Fig. 7.9A). At least for 
WNV (subtype Kunjin), it has been proposed that CMs might be sites of polyprotein 
synthesis and cleavage by the NS2B-3 protease.?’~9’? This assumption is based on the 
accumulation of viral proteins, but not dsRNA, in these membrane structures, but since CMs 
are largely devoid of ribosomes, this model is not easy to reconcile. Alternatively, CMs might 
serve as lipid stores or interfere with innate immunity. The latter might be mediated by 
disruption of MAMs, which play a critical role as signaling platforms to mount, for example, 
an interferon response or by sequestration of innate immune PRRs in CMs.!° In any case, 
CMs appear to be dispensable for viral RNA replication as found for ZIKV, which induces 
CMs in human hepatoma cells, but not in human neuronal progenitor cells, yet replicates 
comparably well in both cell types.!** A third membrane structure found in infected cells is 
the “paracrystalline array,” which appears to be a highly ordered form of CMs.*”° 


While the overall 3D architecture of the flavivirus replication organelle is well 
established, surprisingly little is known about the mechanism underlying its biogenesis and 
the components involved. At least two viral proteins, NS4A and NS4B, appear to play critical 
roles in the formation of VPs.*!:°+,78* Owing to their distinct membrane topology, both 
proteins should be capable of inducing negative membrane curvature. This property might be 
augmented by homo-oligomerization of the two viral proteins.°”°.'°%9-1040 Interestingly, 
expression of NS4A lacking the carboxy-terminal 2K fragment induces the formation of 
cytoplasmic membrane alterations resembling CMs, whereas full-length NS4A containing the 


2K fragment remains bound to the ER membrane but does not induce membrane 
curvature.°°* Therefore, a regulated cleavage of the NS4A-2K-NS4B precursor appears to 
play a critical role in the formation of the replication organelle. However, the sole expression 
of NS4A or NS4B does not suffice to induce VP formation, arguing that additional viral 
components are required. 


One likely component is NS1, which interacts with NS4A, NS4B, and the NS4A-2K- 
NS4B cleavage intermediate.!°°37,7261010 Tn addition, NS1 binds to and remodels liposomes 
in vitro corroborating that this protein possesses membrane-altering properties.‘? Thus, NS1 
is likely needed to induce VP formation. Moreover, by using a replication-independent 
expression system, NS1 was found to be essential for the formation of VPs.’7° 


An additional viral component possibly contributing to replication organelle formation is 
NS2A, a small polytopic membrane protein. This protein can affect membrane permeability 
and might interact with the viral replicase complex as deduced from its enrichment at 
dsRNA-containing sites.'4”9°” Based on these observations, a model for the biogenesis of 
VPs can be proposed in which NS4A and NS4B oligomers, perhaps supported by NS2A, 
induce negative curvature. This might be enhanced by NS1 binding to NS4A and NS4B from 
the luminal side of the ER membrane and inducing a positive curvature. Although an 
appealing model, firm proof requires a more detailed analysis of cis- and trans-acting factors 
involved in VP formation, including viral RNA that has been reported for other positive- 
strand RNA viruses to play a crucial role in VP/spherule formation.**° 


Induction of membrane curvature is an energetically unfavorable process that is 
facilitated by the insertion of lipids inducing membrane asymmetry and altering fluidity. In 
addition, assembly and functionality of membrane-resident macromolecular complexes are 
often enhanced by specific lipids such as cholesterol and sphingolipids, forming raft-like 
membrane microdomains. It is therefore not surprising that lipids play a central role for the 
flavivirus replication organelle. In infected cells, the lipid composition is very much 
altered. '°+°!1,708 For instance, ceramides, a family of lipids that are composed of sphingosine 
and a fatty acid, are increased in WNV-infected human cells and in DENV-infected mosquito 
cells.°°>7°8 Moreover, in the case of WNV, ceramides are redistributed to sites of replication. 
Of note, depletion of ceramide by extensive treatment with myriocin had opposing effects on 
these two flaviviruses, being suppressive in the case of WNV, but enhancing replication and 
virus production with DENV.'* The sphingolipid biosynthetic pathway is also a critical factor 
for efficient DENV replication in the transmitting Aedes aegypti mosquito vector, but 
whether these lipids directly contribute to replication organelle formation or replicase 
activity, for example, by forming lipid rafts, is not known.‘ In any case, flavivirus 
replication is highly sensitive to inhibition or depletion of acetyl-CoA carboxylase and fatty 
acid synthase (FAS), key enzymes in the fatty acid biosynthetic pathway.°!° DENV NS3 
interacts with FAS, thus recruiting this cellular enzyme to sites of virus replication and 
possibly promoting lipid biosynthesis for the sake of membrane expansion.*“”°8” Along the 
same line, WNV increases the activity of 3-hydroxy-3-methylglutaryl-coenzyme A reductase 


(HMGCR), the rate-limiting enzyme in cholesterol biosynthesis, and alters subcellular 
distribution of cholesterol from the plasma membrane to replication organelles.°”? Also in the 
case of DENV, infection increases HMGCR activity and cholesterol accumulation at the ER, 
correlating with increased viral replication.°°* In addition, lipophagy, a type of selective 
autophagy that targets LDs, plays an important role in the DENV replication cycle. At early 
stages of infection, DENV induces autophagy and enhances autophagic flux, whereas later 
on, autophagosome—lysosome fusion and endolysosomal trafficking are suppressed.°°®°?! 
This early elevated autophagosome formation appears to increase B-oxidation of lipids and 
ATP levels as well as turnover of triglycerides to promote viral replication.*°° 


Apart from viral and host factors described above, several comprehensive screens and 
proteome analyses of viral proteins and complexes have identified candidate host cell factors 
promoting or restricting flavivirus replication or interacting with viral proteins.°’* It is likely 
that some of these factors contribute to replication organelle formation and the definition of 
their precise function will be an important future task. 


RNA Replication 


After the flavivirus genome is translated, the NS proteins must recruit the genome out of 
translation and into a replication complex. The mechanisms of this switch are not fully 
understood but likely involve genome cyclization, which favors RNA replication over 
translation.°°°.9*! Replication begins with the synthesis of a genome-length minus-strand 
RNA, which has been detected as early as 3 hours after infection®*®; minus strands then serve 
as templates for synthesizing new plus-strand genomes. Viral RNA synthesis is asymmetric, 
with approximately 10-fold more positive strands accumulating compared to minus 
strands.!’*°*8 Based on metabolic labeling, three major species of flavivirus RNAs have 
been described: the plus-strand genome, a double-stranded replicative form (RF), and a 
heterogeneous population of RI that most likely represent duplex regions and recently 
synthesized RNAs displaced by nascent strands undergoing elongation.!°°!”* Pulse-chase 
analyses indicate that RF and RI are precursors to genome RNA, indicating semiconservative 


and asymmetric replication.!’¢ 


In addition to genome-length products of RNA replication, 0.2 to 0.6 kb noncoding 
sfRNAs accumulate in infected cells.°**9°° sfRNAs are colinear with the 3’ end of the 
genome and are produced through stalled 5’ to 3’ degradation of the genome by the cellular 5’ 
exoribonuclease XRN1.’** The XRNIresistance of this region is due to conserved, 
pseudoknot structures located within the 3’ NCR, such that the RNA forms a tight, triple- 
helical “slip knot,” making it difficult for enzymes like XRN1 to proceed in a 5’ to 3’ 
direction, but allowing enzymes like NS5 to proceed in a 3’ to 5’ direction (inset, Fig. 
7.4A),11-190,15L282 Mutant flaviviruses that do not produce sfRNAs are less cytopathic in cell 
culture and less pathogenic in mice; however, cytopathic effects were restored by supplying 
sfRNA in trans.78*°4°./2 The accumulation of sfRNA has several proviral effects on host 
cells, including reduced XRN1 activity and dysregulated host mRNA turnover,°“? inhibited 


RIG-I activation,?°° reduced ISG expression,®! and insensitivity to type I interferons.°*! 


While it may seem counterintuitive for a virus to employ a genome-destroying strategy for its 
own gain, flavivirus genomes are produced in vast excess; it is not yet clear whether a subset 
of nascent viral genomes are left uncapped to facilitate sfRNA formation. 


Assembly and Release of Particles from Flavivirus-Infected 
Cells 


Flavivirus particle assembly occurs in close association with intracellular membranes.°™ The 
assembly process is thought to commence by association of C protein dimers with genomic 
RNA, followed by budding into ER membranes containing the prM—E glycoprotein complex. 
As empty, preformed flavivirus capsids have never been observed, it is thought that 
nucleocapsid formation is tightly linked to envelopment. Immature virus particles pinch off 
into the ER lumen through noncanonical use of the ESCRT vesicle sorting and membrane 
scission machinery, with different component dependencies observed among flaviviruses.°?! 
Notably, the YFV NS3 protein interacts with Alix, which can recruit ESCRT II 


components.!°° 


Electron tomography studies revealed that replication organelle pores are sometimes 
apposed to virus assembly sites, at least in the case of DENV and ZIKV, with clusters of 
virus particles being frequently observed in enlarged ER cisternae.'®+°° This close 
apposition of VPs and assembly sites provides a simple, yet so far largely hypothetical, 
explanation for the coupling of flavivirus replication and assembly.**! Early in the replication 
cycle, when the amount of viral proteins, including C protein, are low, viral RNA released out 
of the vesicle interior might associate preferentially with ribosomes, thus promoting RNA 
translation. Newly produced viral proteins will enhance RNA replication, which in turn leads 
to an increase of viral proteins. Later in infection, when viral proteins accumulate to high 
abundance in the infected cell, de novo synthesized RNA might associate preferentially with 
the structural proteins, notably C protein, thus “competing” with ribosomes. In this way, viral 
RNA gets rapidly recruited into assembling virions that form by budding into the ER lumen 
in close vicinity to the vesicle pore, the presumed RNA exit site (Fig. 7.9H). 


Following assembly, nascent virions are transported through the secretory pathway and 
released at the cell surface.°®° During transit through the reduced pH of the Golgi, immature 
particles undergo acid-induced prM—E rearrangement and prM cleavage (Fig. 7.10). 
Additional virion maturation steps occur during egress, including glycan modification of prM 
and E (for some flaviviruses) by trimming and terminal addition.‘4!°°° This implies that 
virions move through an exocytosis pathway similar to that used for host cell-surface 
glycoproteins and may traffic through recycling endosomes prior to release.°°’ In at least one 
case, ZIKV was observed to be released in monolayer aggregate “sheets.”°°” 
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FIGURE 7.10 Flavivirus particle maturation. Nascent, noninfectious, immature 
particles undergo a pH-dependent conformational rearrangement of the viral 
glycoproteins EF (gray) and prM (blue). Mature, infectious particles form upon 
furin cleavage of prM and release of the pr fragment. (Adapted from Perera and 


Kuhn/°7 with permission from Elsevier Press.) 


HEPACTIVIRUSES 


Background and Classification 


The existence of a novel blood-borne hepatitis virus, then called non-A, non-B hepatitis 
(NANBH), was first realized in the mid-1970s.*°°’** Early attempts to culture this agent 
proved to be frustrating and difficult to reproduce. It took another 14 years before HCV was 
formally identified through expression cloning of an immunoreactive cDNA from a 
NANBH-infected chimpanzee.!® This discovery rapidly led to the development of HCV 
diagnostics, which greatly reduced transmission through the blood supply.*°* Today, HCV is 
mainly transmitted via injection drug use, mother-to-infant care, and health care exposures 
and, infrequently, through sexual contact or unknown risk factors. Despite the recent 
development of highly effective HCvV-specific direct-acting antivirals (DAAs), HCV 
currently infects 71 million people worldwide and remains a significant public health 
concern.®? HCV causes chronic liver infections approximately 70% of the time, which can 
progress over decades to fibrosis, cirrhosis, and hepatocellular carcinoma (HCC). Despite 
slow disease progression, which can be accelerated by cofactors such as metabolic syndrome 
or alcohol consumption, mathematical models of HCV dynamics demonstrate robust 
replication in chronically infected individuals, with viral loads approximately 10° genomes 
per mL of serum, rapid viral clearance, and production of approximately 10!* virions per 


day.79 


HCV is classified into seven genotypes, which differ from each other by greater than 
30% at the nucleotide level.°°*8°9 These genotypes have distinct geographic distributions, 
disease progression, and susceptibility to some treatments. Intergenotypic recombinant HCV 
genomes, which presumably arise through coinfection, have been described.2°°*° The high 
level of sequence diversity between the HCV genotypes presents a formidable challenge for 
vaccine development. 


Despite the lack of a vaccine, major advances in treatment have been made. The prior 
standard of care, pegylated interferon alpha and ribavirin, has been replaced by DAAs that 
have much higher cure rates with fewer side effects and shorter treatment durations. Effective 
DAA formulations typically combine at least two drugs targeting distinct HCV proteins. 
HCV drug development has culminated in the first pangenotypic DAAs, which cure more 
than 90% of HCV infections with each genotype.7?”7”! 


All genotypes of HCV are taxonomically classified as a single virus species, Hepacivirus 
C. For many years, HCV was the sole member of the Hepacivirus genus. The first non—HCV 
member of this genus, GB virus B (GBV-B; species name Hepacivirus B), was discovered in 
a human-derived, primate-passaged sample during a search for additional hepatitis viruses 
that ultimately led to the discovery of a related genus, the Pegiviruses. Recent advances in 
metagenomics have led to the discovery of a whole passel of additional Hepaciviruses (Table 
7.1, Fig. 7.1A). The first of these was isolated from a canine with respiratory disease and was 
originally called canine hepacivirus. However, follow-up studies indicated that it is actually 
an equine virus causing acute and chronic hepatitis in horses; this virus has been renamed 
nonprimate hepacivirus (NPHV; species Hepacivirus A).!*°4°9 Several additional hepacivirus 
species have also been found, including several rodent hepaciviruses (RHV-E, species 
Hepacivirus E; RHV-F, species Hepacivirus F; NRHV1, species Hepacivirus G; NRHV2, 
species Hepacivirus H; RHV-I, species Hepacivirus I; RHV-J, species Hepacivirus J), bats 
(BHV-K, species Hepacivirus K; BHV-L, species Hepacivirus L), cows (BoHV, species 
Hepacivirus M), and colobus monkeys (guereza hepacivirus [GHV], species Hepacivirus N). 
Surprisingly, the closest relative to GBV-B is RHV-I, so the source of GBV-B in human- or 
primate-derived samples remains mysterious. Although it awaits official taxonomic 
classification, a hepaci-like virus has even been identified in the graceful shark, known as the 
Wenling shark virus (WLSV).°*! 


Experimental Systems 


Although HCV research was limited by the lack of replication systems for the first decade 
after its discovery, these challenges are now largely overcome. Once the correct 3’ end of the 
HCV genome was determined,**!®°° full-length HCV cDNAs were assembled, and synthetic 
transcripts were shown to be infectious by direct hepatic inoculation of chimpanzees in 
1997.40.95 These infectious cDNA clones were used to show that the viral enzymes, the p7 
gene, and 3’ NCR are essential for HCV replication***7°”°°° and to study HCV immune 


response and viral evolution in vivo.*’’ Unfortunately, RNAs from these clones failed to 
replicate in cultured cells. 


The first useful cell culture system to study HCV replication was the genotype 1b (Con1) 
subgenomic replicon, developed in 1999.°*° The original replicons were bicistronic, wherein 
the HCV 5’ IRES promoted translation of the neomycin resistance gene and the 
encephalomyocarditis virus (EMCV) IRES promoted translation of the HCV NS2-5B or 
NS3-5B genes (see Fig. 7.12C). Upon transfection into the Huh-7 human hepatoma cell line, 
the first replicon RNAs replicated to low levels and transduced G418-resistance to rare HCV- 
supporting cells.°4? However, within these replicon-containing cell clones, HCV replicated to 
high levels. Based on the HCV sequences within surviving cell clones, cell culture—adaptive 
mutations were identified that increase transduction efficiency by up to 10,000-fold.2*°*7 
These efficient replicons enabled genetic, biochemical, and cell biological studies of 
intracellular stages in HCV replication and turbo-charged drug discovery efforts, but because 
the structural genes were not included, infectious virus particles were not produced. 
Surprisingly, full-length genomes containing these cell culture—adaptive mutations failed to 
produce infectious virions in cell culture and were attenuated in vivo, likely because these 
mutations enhance RNA replication but inhibited infectious virus production. ’*! 


The HCV pseudoparticle (HCVpp) system was developed to study viral entry. HCVpps 
are retrovirus particles displaying the HCV envelope glycoproteins, typically expressing a 
reporter gene to monitor viral entry and gene expression.?°77!°°° HCVpps reproduce many 
of the events in bona fide entry, such as receptor-dependent and clathrin-mediated 
endocytosis; however, significant differences between HCV and HCVpp entry exist.!°? 


In 2003, a genotype 2a subgenomic replicon was identified that had the unusual feature 
of efficient cell culture replication without adaptive mutations.*!! This strain was isolated 
from a Japanese patient with fulminant hepatitis and was therefore named JFH-1. Full-length 
JFH-1 genomes produced the first infectious HCV in cell culture (HCVcc), albeit at 
relatively low levels.°*° High infectivity titers could be attained by passage and adaptation of 
JFH-1 or by engineering chimeric genomes with a related genotype 2a strain, HC-J6, that 
serendipitously encodes more efficient structural genes than the original JFH-1 
strain.°79-719.1030 We now know that the efficiency of JFH-1 replication is due to optimal NS3 
helicase and NSSB RNA polymerase activities, optimal 3’ NCR sequences, as well as a 
relative insensitivity of this strain to lipid peroxidation.®°.°°79>°9" In the past several years, 
the variety of HCV replication systems has increased dramatically, including replicons for 
each genotype, infectious chimeric JFH-1 genomes that express structural genes from other 
genotypes, as well as infectious cell culture—adapted full-length clones for other 
genotypes.’4”194 Infectious clones and replicon systems have also been developed for a 
number of nonhuman hepaciviruses.'997°° Additionally, hepatoma cells that overexpress the 
cellular protein Sec14L2 were shown to support pangenotype HCV replication, including 
patient-derived virus.’°° Sec14L2, a carrier protein for vitamin E, enhances HCV replication 
most likely by reducing lipid peroxidation and protecting viral proteins from oxidative 


damage, to which they are sensitive.?9* 


The chimpanzee is the only animal model that supports HCV replication, reproduces 
many clinical aspects of HCV infection, and is useful for studying HCV-specific immune 
responses and assessing drug efficacy.*”’ However, due to ethical concerns, there is a 
moratorium on the experimental use of chimpanzees, which has increased the urgency for 
developing small animal models for HCV infection. Mice do not naturally support HCV 
entry or replication. One approach has been to partially deplete immunodeficient mice of 
hepatocytes and then engraft human hepatocytes to generate mice with chimeric 
livers.°”-°!>-22 The human hepatocytes within these chimeric livers support HCV infection; 
however, the utility of this model is limited by the immunocompromised nature of these 
mice. Immunocompromised mice engrafted with human hepatocytes and hematopoietic stem 
cells reconstitute both the hepatic and immune compartments and produce HCV-specific T- 
cell responses but do not support detectable viremia.?°’ 

Efforts to genetically humanize mice to make them permissive for HCV infection have 


provided incremental successes. Immunocompetent mice expressing the human HCV entry 
factors CD81 and occludin (OCLN) do support the early steps of HCV infection but greatly 


restrict viral replication.*!© HCV replication is improved by using mice genetically deficient 
in type I interferon signaling, suggesting that this pathway is critical in restricting viral 


replication.?/° An alternative approach has been to adapt HCV to use mouse host factors. 
HCV containing three mutations in the envelope glycoproteins can enter mouse hepatocytes 


in vivo; however, replication is not supported, suggesting additional incompatibilities.?“° 
Given the challenges of studying HCV in immunocompetent mice, recent attention has 


turned to the related hepaciviruses that infect experimentally tractable animals. As the first 
non—HCV hepacivirus identified, GBV-B has been studied as a surrogate model system. It 


infects primary tamarin or marmoset hepatocytes®!!!74”° but replicates poorly in most 


immortalized cell lines.!** Full-length GBV-B infectious clones have been assembled and 
produce hepatitis in tamarins, but not chimpanzees, suggesting that it does not infect apes, 


including humans.!**°9!8°7 More recently, Hepacivirus G, which naturally causes chronic 
infection in Norway rats, was found to cause acute infections in common laboratory mice and 
chronic infection in immunodeficient mice.°*9*° This model provides a powerful platform to 
evaluate strategies for hepacivirus vaccine development, recently confirming the role of 
vaccine-elicited CD4* and CD8* T cells in protecting rats from viral challenge.*4¢ 


Structure and Physical Properties of the Virion 


HCV particles derived from patients are heterogeneous in size, are 30 to 80 nm in 
diameter, '°*74710!8 and exhibit broad, unusually low buoyant densities of 1.03 to 1.10 


g/mL.1>-5° Low-density virus particles have higher specific infectivity than high-density 

particles, suggesting that particle infectivity correlates with the degree of lipid association. 

HCVcc particles have relatively low specific infectivity (~1 infectious unit per 1,000 
Pp 


particles); most particles have a buoyant density of approximately 1.15 g/mL, while the peak 
infectivity is near 1.10 g/mL.!°°29-'050 The low specific infectivity of HCVcc particles 
likely reflects their physical properties when grown in Huh-7 cells, as specific infectivity 
improves upon passage in animals or primary hepatocyte cultures, but goes back down upon 
reculture.°°°:728 


HCV particles are lipid enveloped, display an unknown number of viral envelope 
glycoproteins E1 and E2 on their surface, and contain a nucleocapsid composed of the core 
(C) protein and the viral RNA genome. A key feature of HCV particles is their propensity to 
associate with host-derived serum lipoproteins, which likely contribute to their low buoyant 
density.*>°’©799.9!2 HCV particles have similar lipid content as low-density lipoprotein 
(LDL) and_ very-low-density lipoprotein (VLDL) particles and associate with 
apolipoproteins, which are expressed on the surface of lipoproteins and function in their 
secretion and trafficking.°!® Serum-derived HCV associates with apolipoprotein AI (ApoAJ), 
ApoB, ApoC1, and ApoE,*“°°3.576.912 while HCVcc particles associate with ApoE and 
ApoC1.!46°!8,523 AnoB is less consistently associated with HCVcc particles, leading to 
controversy about its role in HCV particle infectivity.°° In any case, serum lipoproteins are 
thought to impact virion stability, enhance virus particle entry, and block antibody 
neutralization.2°° Because of their association with lipoproteins, HCV particles are 
sometimes referred to as “lipoviroparticles.”*°°*° Although the structural basis for these 
interactions remain elusive, they may be mediated, at least in part, by interaction of ApoE 
(and possibly other apolipoproteins) with the E1-E2 envelope glycoprotein complex.*%* 
Proteomic analysis of purified HCVcc particles also identified other components, including 
the viral NS3 protein and several cellular proteins.°°° 


Ultrastructural analyses of HCVcc or serum-derived HCV particles reveal pleiomorphic 
particles, 40 to 100 nm in diameter, lacking regularly discernible surface features (Fig. 
7.11),140287,618,725,545 Tue to this pleiomorphism, a key challenge has been to confirm that 
particle types observed through the microscope correspond to virus particles. In this regard, 
immunogold labeling has been used to identify the viral glycoproteins, ApoE, ApoAI, and 
occasionally ApoB, on the surface of putative HCVcc particles approximately 60 nm in 
diameter. !42.287,618.725 Ty one study, partial purification of HCVcc particles yielded two major 
particle classes.2°” One class, presumably infectious virus particles, were approximately 55 
nm in diameter, contained a lipid bilayer and an electron-dense core and had a relatively 
smooth, featureless surface that reacted with E2- and ApoE-specific antibodies; the second 
class of particles, electron-dense structures approximately 45 nm in diameter, lack a lipid 
bilayer and are presumed to be naked nucleocapsids.*°’ An independent study imaged tagged 
HCVcc particles directly capturing them on affinity matrices, revealing putative HCVcc 
particles of up to 85 nM in diameter.'*° A similar approach was taken to affinity capture 
serum-derived HCV particles, revealing pleiomorphic particles that range up to 150 nm in 
diameter, sparsely decorated on the surface with E2, ApoB, and ApoE.’*° Despite this 
progress, we still do not understand how HCV particles are organized, how the viral 


glycoproteins are arranged on the surface of virus particles, or the molecular basis of how 
HCV particles interact with serum lipoproteins. 


FIGURE 7.11 HCV particles. A: His-tagged HC 

captured on a Ni2*-NTA-coated EM grid and immunogold labeled with 
antibodies specific for the HCV E2 glycoprotein. B: As in panel (A) but labeled 
with antibodies specific for ApoE. C: Human serum-derived HCV particles were 
affinity captured on the EM grid with the E2-antibody ARAS3. D: As in panel (B) 
but labeled with antibodies specific for ApoA1. E: As in panel (B) but dual- 
labeled with antibodies specific for E2 and ApoE. F: Patient serum—derived 


HCV particles were affinity captured as in (C). (Panels (A, B, D), and (E) were 
adapted with permission from Catanese et al.‘*’; Panels (C) and (F) were 


= 


Vcc particles were affinity- 


adapted with permission from Piver et al.’2° All scale bars, 100 nm.) 


Binding and Entry 


The mechanisms of hepacivirus entry are best characterized for HCV; very little is known 


about the entry of non—HCV hepaciviruses. HCV enters its target hepatocyte via an unusually 
complex, dynamic process with distinct spatiotemporal steps. Blood-borne virus particles 
initially bind to the basolateral surface of hepatocytes via low-affinity interaction with 
GAGs°”*?! and possibly the LDL receptor (LDLR).*°*° Virion-associated ApoE binds 
syndecans 1 and 4, core components of heparan sulfate proteoglycans, to enhance 
entry.2°”,854 Following initial attachment, HCV entry requires coordination between several 
“early” host factors, including scavenger receptor class B type I (SCARB1),°°° CD81,’*° and 
EGER on the basolateral surface,°°’ and the “late” factors CLDN1; OCLN, which localizes 
to tight junctions; and the Niemann-Pick Ci-like 1 (NPC1L1) cholesterol absorption 
receptor, which localizes to the apical surface.**»72”7 

SCARB1, which is greatly enriched on hepatocytes, is normally involved in the uptake of 
cholesterol and phospholipids from serum lipoproteins. Because other HCV entry factors are 
expressed by multiple cell types, the liver-specific expression of SCARB1 might help to 
define the hepatotropism of HCV entry. The HCV E2 glycoprotein directly binds SCARB1 
via its N-terminal hypervariable region 1 (HVR1).°°8 As HVR1 occludes the CD81 binding 
site on E2, the interaction with SCARB1 may facilitate subsequent CD81 binding.*° 
Consistent with this coordination, SCARB1- and CD81-specific antibodies inhibit HCV entry 
with similar postbinding kinetics.4°:'°*! In addition to E2 binding, SCARB1's lipid transfer 
activity is involved in HCV entry, perhaps by serving to reduce virus-associated 


lipoproteins.'9*!°'° Interestingly, there appears to be some functional redundancy between 
SCARBI1 and LDLR, such that SCARB1 is not essential for HCV infection when LDLR is 
expressed.??! 

As a tetraspanin, CD81 coordinates the interaction of multiple other proteins into larger 
complexes. During HCV entry, CD81 is thought to be an initial, postattachment, high-affinity 
receptor that directly interacts with E2 via its large extracellular loop.*°”,’'? CD81-bound 
virus particles are trafficked to tight junctions, where internalization occurs.**!!* This 
trafficking requires EGFR and RAS signaling, as well as Rho GTPase activation and 
remodeling of cortical actin.°*° In addition to binding, CD81 has two other key functions in 
HCV entry. First, CD81 binding can induce conformational changes in the HCV 
glycoproteins, priming the virion for low pH-induced fusion.®°° Second, CD81 recruits the 
cytosolic serum response factor binding protein 1, which aids HCV entry by an unknown 
mechanism.*?* 


Once HCV-CD81 complexes migrate to tight junctions, they colocalize with CLDN1 and 
OCLN, which are essential for HCV internalization.°°? Proper CLDN1 and OCLN 
localization and HCV entry depend on expression of E-cadherin and tumor-associated 
calcium signal transducer 2 (TACSTD2).°!°°*° In the absence of CLDN1, some HCV 


isolates can use CLDN6 or CLDN9O for entry*’*; however, other strains require adaptive 
mutations in E1 in order to use alternate CLDNs, suggesting that E1 may mediate interaction 


with CLDNs.°°? In support of this finding, soluble E1—E2 specifically binds to CLDN1- 


expressing cells.*!” There is no evidence for direct binding of OCLN to HCV virion 
components. 


The HCV-CD81-CLDN complex is internalized via  clathrin-mediated 
endocytosis.27!77299-9 Interestingly, HCV endocytosis requires active EGFR signaling.*° 
Once internalized, virus particles are delivered to early endosomes, where the low pH likely 
induces fusion.°°°9** HCV entry requires endosomal acidification, yet virus particles are 
resistant to low pH, indicating that during the initial steps of virus entry, perhaps via binding 
to one or more entry factors, a conformational change occurs that renders the virions pH 
sensitive. Available data suggest that this does not require proteolytic cleavage of the 
envelope glycoproteins but may involve isomerization of disulfides within the viral 
glycoproteins.*”* The mechanisms of HCV E1—E2 glycoprotein—mediated fusion are largely 
unknown. 


Genome Structure 


Hepacivirus genomes are approximately 8.9 to 10.4 kb in length, with the HCV genome 
weighing in at approximately 9.6 kb, and lack 5’ caps or 3' poly(A) tails. As for other 
members of the family, hepaciviruses encode single long ORFs (2,748—3,335 codons, with 
HCV at ~3,011 codons), flanked by highly conserved 5’ and 3' NCRs (Fig. 7.11A). The HCV 
5’ NCR is relatively compact, is 341 nt long, and folds into four major structural domains that 
have overlapping functions in both RNA translation and replication. The 5’ 125 nt serves as a 
minimal replication element,*”° although nearly the entire 5’ NCR (or the complementary 3’ 
end of the negative strand) contributes to the efficiency of RNA replication.°°”?!3 Domain I 
forms a 5’ SL that is dispensable for translation but essential for RNA replication; domains II 
and III function as an IRES to mediate cap-independent translation of the viral genome and 
also contain cryptic replication signals.*!°°* The 5’ NCRs of other hepaciviruses have 
similar overall organization but can range up to 445 nt in length, in the case of GBV-B. 
Despite this size difference, regions of the HCV and GBV-B 5’ NCRs can be functionally 
exchanged.297:769:771 

The HCV 5’ NCR can bind two copies of the abundant, liver-specific microRNA 
(miR)-122, which regulates numerous hepatic mRNAs and is required for efficient viral 
replication.°°°°* One or two miR-122 binding sites are also found in similar genome 
locations of other hepaciviruses.**! Numerous functions have been proposed for the HCV- 
miR-122 interaction, including translation of the viral genome, modulating the switch from 
RNA translation to RNA replication, or regulating RNA-—protein or RNA—RNA interactions 
during replication.°°° One major effect of miR-122 binding is that it stabilizes HCV RNA 
from degradation.°”° In the absence of miR-122, the viral genome is processed by cellular 
triphosphatases DUSP11 and DOM3Z,*~*° rendering a 5' monophosphorylated genome that 
is sensitive to XRN 5’ to 3’ exonucleases.°0%824841,909 Cells that lack DUSP11 support HCV 
infection in the absence of detectable miR-122, suggesting that miR-122 primarily acts to 
protect HCV RNA from degradation.**° The HCV genome also acts as a miR-122 “sponge,” 


causing derepression of cellular transcripts regulated by miR-122.°°° Small, miR-122- 
binding, locked nucleic acid “antagomirs” have shown antiviral efficacy in phase II clinical 
trials, leading to sustained virological responses in a subset of patients.7°° 

The coding region of the HCV genome is extensively structured, containing several 
conserved RNA secondary structures, some of which have been shown to be critical for viral 
replication. For instance, nearly 90% of the core gene is base-paired into several discretely 
folding and interacting structures.’** Mutations that disrupt these core-embedded structures, 
for example, SL588, can inhibit translation of viral RNA, RNA replication, or virus 
assembly.©7,/2492 However, since the HCV structural genes are dispensable for the 
replication of subgenomic replicons, these structural elements must function in concert with 
other structures. One structure in the NS4B-coding region, SL6038, can alternatively form a 
cloverleaf, which facilitates RNA replication, or a long SL, which inhibits RNA replication, 
suggesting that this region may act as a replication-mediating toggle.’** Other RNA 
structures throughout the genome may serve to sequester UU/UA-tich sequences that are the 
preferred substrate of endoribonuclease RNaseL.*°>°" 


The NSSB gene is particularly rich in functional RNA structures, including an essential 
cis-acting replication element (CRE), also termed SBSL3.2.!°9 5BSL3.2 can bind 40S 
ribosomal subunits’®? and also forms a critical long-distance base pairing with 
complementary sequences in the 3’ NCR (Fig. 7.12A).*’’ This kissing-loop interaction, 
which influences translation, is competed by binding of the CRE to EWSRI1, a cellular RNA- 
binding protein required for efficient HCV RNA replication.°** Another loop within the CRE 
forms essential base pairing with a region approximately 200 nt upstream of the CRE.*!9° 
The regions flanking the CRE also form competing long-distance base pairs with the CRE, as 
well as with the IRES region within the 5’ NCR.”°° 


5 ARF 
pppG 

e lI 

mRNA in—.X 
(oe 
40S $ 
ribosomal 
hg Ys subunit .% 
miR-122 : : 
IV aa 
AUG 4 
B |—__—_—————————————- ~3011 codons | 
5" Nonstructural Genes 2 
signal peptide peptidase NS3-4A serine protease 
wginal peptidase i cysteine protease 
NH3- opiate aa Helicase 
E1 E2 p7 NS2 NS3 4A NS4B- NSS5A NS5B 
° ae 7 EMC 
replicon NSS-SE (or NS2-5B) WV 

D 


ER Lumen 


. ee 


FIGURE 7.12 Hepacivirus genome structure and protein expression. A: HCV 
genome structure and RNA elements. Important RNA elements are indicated as 
in Figure 7.4. Two binding sites of miR-122 are indicated in orange; the ARF is 
indicated by a black box; the initiation (AUG) and termination (UGA) codons are 
indicated; and parts of the HCV IRES are color coded for interpretation of the 
inset, which shows the HCV IRES-40S human ribosomal subunit viewed from 
the perspective of an incoming 60S subunit and captured by cryo-EM at 3.9 A 


resolution, as rendered from PDB 5A2Q.’“4 For simplicity, the 18S rRNA is 
colored white, ribosomal proteins are colored wheat. The 18S rRNA residues 


nearest the tRNA anticodon are labeled within the ribosomal acceptor (A), 
peptidyl (P), and exit (E) sites. B: Polyprotein processing and cleavage products. 
Cleavage sites are indicated as in Figure 7.4 except the NS2/NS3 cleavage, 
which is mediated by the NS2 cysteine autoprotease. C: The design of the 
original G418-selectable HCV subgenomic replicon is illustrated. D: Polyprotein 
membrane topology. See the legend of Figure 7.4 for symbol definitions and the 
text for further details. 


The HCV 3’ NCR consists of a ~40-nt, structured variable domain, a poly(U/UC) tract of at 
least 26 nt, and a highly conserved 98-nt 3'X domain.*4}°77°8° The HCV 3’ NCR enhances 
translation of the viral genome, in part through binding of the poly(U/UC) region to the 40S 
ribosomal subunit, suggesting crosstalk between the 5’ and 3’ NCRs.*° The 3’X domain, 
which may adopt configurations containing either two or three SLs,*”° is essential for both 
RNA replication and virus assembly.*7°®3,9961001,1008 Ty the two SL configuration, a dimer 
linkage sequence (DLS) within the upstream SL (Fig. 7.12A) can mediate genome 
dimerization, at least in vitro; it is unclear whether genome dimerization is functionally 
relevant, but it is enhanced by the HCV core protein.!°°*°? In the three SL configuration, the 
middle SL interacts with 5BSL3.2 in the essential kissing-loop interaction.2’”°’”°** This 
kissing interaction has been alternately reported to both enhance and inhibit translation, 
differences that may reflect specific reporter designs.°’’ Nevertheless, these results further 
indicate cross talk between the 5’ and 3’ ends of the viral genome. 

A number of studies have suggested that, similar to flaviviruses, the HCV genome can 
cyclize via long-distance base pairing between its 5’ and 3’ ends.*”*4!,7”9 However, these 
predicted interactions have been difficult to validate given the complexity and density of 
functionally important RNA structures within these regions. Several cellular factors and 
complexes can bind to both the 5’ and 3’ ends, likely impacting such cross talk. These include 


RNA-binding proteins PCBP2, IGF2BP1, PTB/hnRNPL, and NF90/45.°’” Other factors bind 
specifically to the HCV 3’ NCR, including hnRNPC, GAPDH, and HuR.°?!* 


Among other hepaciviruses, the GBV-B 3’ NCR contains a short poly(U) tract followed 
by a unique 309-nt sequence.!**8°° Although this region lacks sequence homology to HCV, 
the terminal 82 nt is structurally similar to the HCV 3'X region. The NHPV 3’ NCR is also 
larger (~318 nt) than that of HCV and contains a short poly(A) tract, a variable region, a 
poly(U/UC) tract, a conserved structured region, a long poly(U) tract, and a conserved 3'X— 
like region.°!! 


Translation and Proteolytic Processing 


Hepaciviruses encode the prototype class IV IRES element,?°? which utilizes RNA structures 
to functionally replace a subset of translation initiation factors and drive cap-independent 


translation from a prepositioned AUG, that is, without scanning. Specifically, HCV IRES 
domains II, Id to HIf, and IV directly bind the 40S ribosome (Fig. 7.12A inset). The affinity 
of this interaction is largely driven by specific contacts between domains IIId to IIIf and the 
ES7 region of 18S rRNA.’”“4 Meanwhile, domain II forms an L-shaped structure that binds 
across the 40S subunit, reaching into the ribosomal intersubunit space to interact with the 
ribosomal E site, positioning the AUG within the P site, and inducing a conformational shift 
in the 40S subunit that helps to recruit the 60S subunit,7°?7°+°°% In addition, domain IIIb 
independently binds eIF3, thereby bypassing a requirement for the eIF4F 5’ cap-binding 
complex. !81990,711,854,863 Recruitment of eIF2-GTP-Met-tRNA, then forms a 48S 


preinitiation complex.78478°.9 Upon 60S ribosomal joining, eI[F2 hydrolyzes GTP, resulting 
in the dissociation of the initiation complex and producing an active 80S ribosome in which 
the initiating AUG codon is positioned within the ribosomal P site.°°%°.7!" SLV and SLIV 
in the core-coding region also play important but unknown roles in translation initiation.?°° 
In addition to this canonical pathway, the HCV IRES can utilize alternative mechanisms to 
initiate translation under stress conditions.*’>°°° For instance, when eIF2 is phosphorylated 
by the innate immune sensor kinase PKR, eIF5B can recruit Met-tRNA,, enabling translation 


initiation despite inactive e[F2. A number of cellular factors are reported to modulate HCV 
IRES activity, including miR-122 and RNA-binding proteins La, PSMA7, nucleolin, PCBP1, 
PCBP2, and PTB.°!4 


Translation of the HCV genome produces a large (~3,011 aa) polyprotein that is cleaved 
by viral and host proteases to produce 10 viral proteins (Fig. 7.12B); these include the 
structural proteins core (C) and envelope glycoproteins E1 and E2, as well as the NS proteins 
p7, NS2, NS3, NS4A, NS4B, NS5A, and NSSB. The C/E1, E1/E2, E2/p7, and p7/NS2 
junctions are cleaved by host signal peptidase, while the C-terminus of C is further processed 
by signal peptide peptidase (SPP) to remove the E1 signal peptide and generate mature C 
protein. NS2 contains a cysteine protease domain that cleaves the NS2/3 junction, while 
NS3-4A encodes a serine protease that cleaves all downstream NS junctions (Fig. 7.12B). 


In addition to the large ORF, small alternative reading frame proteins (ARFPs) may be 
produced from a +1 reading frame located within the C gene. Different ARFP forms have 
been described, including ARFP/F (frameshift), ARFP/DF (double frameshift), or ARFP/S 
(short form). However, detection of these products varies greatly between HCV isolates and 
laboratories.1°° Evidence in support of ARFP expression include detection of protein 
products with ARFP-specific antibodies as well as the detection of ARFP-specific immune 
responses in HCV-infected patients. While it has been assumed that these products are 
produced via ribosomal frameshifting, alternate translational initiation sites may also be 
involved.!°° It is unclear what role ARFP expression plays in the virus life cycle. In addition, 
small amounts of an approximately 8-kDa “minicore” protein are reportedly expressed via 
initiation of translation at codon approximately 90 within the main ORF.*°? Given the 
mechanism of HCV IRES activity, it is unclear how the minicore start codon is recognized. 


Features of the Structural Proteins 


Core (C) Protein 


C is a conserved, a-helix—rich RNA-binding protein that encapsidates the HCV genome 
within virus particles. While C lacks a well-defined structure, it does contain three 
functionally distinct domains. Domain I is approximately 120 aa in length, enriched in basic 
residues, binds structured RNAs, and is capable of forming nucleocapsid-like complexes in 
vitro.2°! Domain II is smaller, is approximately 55 aa, and forms two amphipathic helices 
that, together with palmitoylation at residue Cys 172, mediate peripheral membrane 
interaction.!°°°8 Domain III is a transmembrane region that acts as a signal peptide for 
translocation of E1 into the ER; this region is only found on the 191-aa immature form of 
capsid because, following signal peptidase cleavage of the C/E1 junction, it is removed from 
mature core via SPP cleavage between residues 177 and 178.°°7-°8° 


C forms native homodimers!°*°°® that can be stabilized by disulfide bonding*® and/or 
trans-glutamination.°°® C dimers also form higher-order, capsid-like structures in vitro.47®46! 
These homotypic interactions may also mediate interaction with the E1 glycoprotein in 


cells,°*2-° although C does not appear to form preformed capsids prior to virus assembly. 
Domain II also contains a highly conserved YXX@ motif that interacts with AP2M1 and is 


required for virion assembly.°”4 


The peripheral membrane association of C allows it to traffic to ER-associated 
LDs,*7:100,605,652 where virus particles’ assembly is thought to occur.©°®8*! Trafficking of C 
to LDs requires the cytosolic phospholipase A2 and is enhanced by DGAT-1, an ER-resident 
enzyme that catalyzes triglyceride synthesis.*°>°'* C also alters the size, distribution, and 
protein composition of LDs, in part by inhibiting adipose triglyceride lipase and causing lipid 
accumulation.?%!342°° In humans, this accumulation likely contributes to hepatic steatosis 
that occurs during chronic HCV infection, particularly with genotype 3 viruses.’”° Mutations 
in C that disrupt LD trafficking greatly inhibit virus assembly,!°! although it is unclear why 
HCV prefers that C traffic to LDs. One possibility is that it serves to sequester C away from 
sites of viral translation and genome replication, yet easily accessible for virus assembly. 
Indeed, C protein has been reported to both enhance and inhibit HCV IRES—mediated 
translation.99°44 

In addition to the posttranslational modifications mentioned above, C can be 
phosphorylated by protein kinases A and C, which can alter C localization and down- 
regulates the ability of C to inhibit the replication of hepatitis B virus.°°”*°° Furthermore, C 
has been reported to manipulate numerous cellular pathways, including signal transduction 
pathways, transcriptional control, apoptosis, and cellular transformation.°*9° 


Envelope Glycoproteins 


Hepacivirus glycoproteins show limited but significant interspecies conservation,’“° with the 
HCV glycoproteins being the best characterized. HCV E1 (~30 kDa) and E2 (~70 kDa) are 
highly glycosylated type I transmembrane proteins that mediate virus attachment and 
membrane fusion. Each has a large lumenal domain and a single C-terminal transmembrane 
domain.***77”-787 To generate this topology, both transmembrane regions contain charged 
residues, driving the formation of intramembrane hairpin structures during glycoprotein 
translocation.°*® Following signal peptidase cleavage, the lumenal C-termini reorient to face 
the cytoplasm, yielding tandem proteins each with a single-membrane anchor.!’° The 
transmembrane domains of E1 and E2 interact, contributing to heterodimerization, and also 
act as an ER retention signal of the E1—E2 complex.!6°-169.252,688 


During folding in the ER, HCV E1—E2 heterodimer formation is slow and 
interdependent, '!7-°2.%° requiring the ER chaperone calnexin.**° In addition to the 
transmembrane domains, heterodimerization involves interactions between the E1 and E2 
ectodomains,!°°* as well as the membrane-proximal region of E2.*** Although ER-localized 
E1 and E2 interact noncovalently, they form large covalent complexes stabilized by disulfide 
bonds in purified virions.2°? These linkages may contribute to the acid resistance of virus 
particles?** and suggest that virus maturation may require disulfide bond isomerization. 
Analysis of virion-associated glycoproteins also indicates that E1 drives trimerization of E1— 
E2 heterodimers.7°* 


The structures of E1 and E2 are not fully known, but it is clear that they have unique 
folds and do not resemble other known fusion proteins, including the corresponding 
flavivirus and pestivirus envelope glycoproteins. HCV E1 consists of four functional regions, 
including an ~80-aa N-terminal domain, a putative fusion peptide, an ~30-aa conserved 
region, and a C-terminal transmembrane domain (Fig. 7.13A). Crystallization of the N- 
terminal domain revealed a network of covalently linked homodimers with an intermolecular 
disulfide bridge (Fig. 7.13B).*°4 Consistent with this, E1 can form stable trimers on HCVcc 
particles.*°* Mutations in the N-terminal domain influence the fidelity of virion assembly and 
CLDN specificity during entry,*°° consistent with the observation that mutations in E1 can 
influence CLDN utilization.°® Intriguingly, the N-terminal domain has distant structural 
similarity to phosphatidylcholine transfer protein, which transfers phosphatidylcholine 
between membranes.*°* Given the complicated relationship(s) between HCV particles and 
lipids, it will be interesting to determine whether this observation is functionally relevant to 
the mechanisms of viral assembly and/or entry. Mutations in the putative fusion peptide 
inhibit E1-E2 heterodimerization and HCVcc assembly’ and lead to production of 
noninfectious HCVpp.*7° The function of the membrane-proximal conserved region is poorly 
understood. Mutations in this region primarily affect entry and the sensitivity of entry to 
CLDN1- and SCARB1-specific antibodies, suggesting possible interaction with these 
receptors.°°7 
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FIGURE 7.13 HCV glycoprotein structures. A: A map of the HCV E1—E2 
glycoproteins is illustrated, showing the locations of the E1 N-terminal domain 
(NTD), putative fusion peptide (FP?), and conserved region (CR); the E2 
hypervariable regions (HVRs) 1, 2, and 3 are shown. The cleavage sites for 
signal peptidase are shown, as in Figure 7.12. The regions for which structures 
are available are indicated; the C-terminal transmembrane domains are indicated 
with dark purple. B: Structure of the E1 N-terminal domain is shown, forming a 
disulfide-linked multimer. Four full N-terminal chains are shown in purple, blue, 
green, and orange; two partial chains within the asymmetric unit are shown in 
pale yellow and red; intramolecular and intermolecular disulfide bonds are 
shown in yellow and green, respectively. The view is looking down on the 
surface of the molecule, with N-linked glycans (black) pointing up from the 


page, as rendered from PDB 4UOI.2°* C: Structure of the partial E2 ectodomain 
is shown, highlighting spatial arrangement of the HVRs and CD81 loop around a 
compact globular core. Intramolecular disulfide bonds are indicated in yellow. 
The location of residues that, when mutated, disrupt CD81 interaction are shown 
in orange. The view is looking down on the surface of the molecule, with N- 
linked glycans (black) pointing up from the page, as rendered from PDB 


6MEI.2°2 


E2 is the HCV attachment protein, directly binding to CD81 and SCARB1 on target cells, 
and the major neutralizing antigen displayed on the surface of virus particles.’*?°° 
Structures of a minimal E2 “core” domain*!?4* or near—full-length E2 ectodomains?©? 
reveal a central B-sheet-rich, C2-set (e.g., CD2) immunoglobulin—like fold containing a 
hydrophobic core stabilized by intramolecular disulfide bridges and surrounded by extensive 
flexible loops, including three HVRs (Fig. 7.13C). This multifaceted structure presents 
distinct interaction surfaces, including the Ig-like 6-sandwich, a conserved CD81-binding 
loop that projects from the B-sandwich, a glycan-rich “front” that is conformationally 
flexible, and a back surface. While the CD81-binding loop is the primary determinant of 
interaction with this receptor, CD81 actually interacts with a much larger conformationally 
defined surface on E2, including parts of the front layer and a major epitope, termed 
antigenic site 412.2°9.419.444 Thus, the CD81-binding surface of E2 is a major target for 
broadly neutralizing antibodies.*°%4°9.97°9°° As mentioned, HVR1 partially protects the 
CD81-binding region from neutralizing antibodies.4°°°* Thus, HVR1-specific antibodies can 
also neutralize virus infectivity*!*°°? and protect chimpanzees from homologous 
challenge***; early induction of HVR1-specific antibodies also correlates with viral clearance 
in humans.!”1°°° Based on this immunologic selection pressure, HVR1 exhibits a high level 


of sequence variability even within individual patients.2??°0 147.94 


While the structure of the E1—E2 complex has not yet been experimentally determined, a 
computational model of this complex has been proposed, partially based on the existing E1 
and E2 structures, mutational analysis, and immunoreactivity profiling.!°”? This model 
predicts that E1-E2 forms a compact structure held together by an intermolecular disulfide 
bond. Clearly, solving the structure of the E1—E2 complex is a high priority for understanding 
the mechanisms of HCV entry and antibody-mediated neutralization. 


Features of the Nonstructural Proteins 


p7/p13 Proteins 


The HCV p7 protein is a small (~7 kDa), 63-aa polytopic membrane protein with ion channel 
activity, often called a “viroporin.”°?!®°°9%%48:702,732 While p7 is dispensable for RNA 
replication,°*? it plays important roles in virus particle assembly, virus particle release, and 
antagonism of type I interferons. Signal peptidase cleavage of E2—p7 and p7—NS2 are 
somewhat inefficient, leading to the accumulation of proteolytic processing intermediates, 
especially E2—p7, which may impose an inverted topology on p7.°7%92?-640.720,826 The N- 
terminal a-helix of p7 is a major determinant of E2—-p7 cleavage efficiency,°*° which in turn 
influences virus particle assembly.*°° 

Structurally, p7 is predicted to contain two transmembrane domains, forming a 
membrane-bound hairpin with N- and C-termini that face the ER lumen, separated by a short, 
basic, cytoplasmic loop (Fig. 7.14A).'°° However, it is unlikely that p7 remains as a 
monomer and more likely that it functions through homo- and heterotypic interactions. Most 
notably, p7 ion channel activity requires homo-oligomerization.°°! EM and single particle 
reconstruction of p7 hexamers in detergent micelles revealed a flower-shaped oligomer with 
six petals protruding from a conical base (Fig. 7.14B).°°? However, the 16 A resolution 
achieved was too low to definitively fit p7 monomers within this structure. Currently, two 
competing structural models of hexameric p7 have been proposed based on additional EM 
and NMR measurements of different HCV p7 proteins in various membrane-mimetic 
environments.”°?°°4°! Jn one model, p7 hairpins interact with neighboring p7 hairpins 
around a common axis, much like a pinwheel (Fig. 7.14C).°°? In the other model, each p7 
extends through the plane of the membrane to intercalate with all five other subunits to form 
a conical pore (Fig. 7.14D).°°! While this latter model can nicely account for the flower-like 
electron density observed via EM, it requires a more rigid structure that seems inconsistent 
with other considerations. For instance, molecular dynamics simulations predict that p7 can 
form structurally plastic, minimalist ion channels through multiple oligomeric configurations, 
and indeed p7 oligomers containing 4, 5, and 7 subunits have also been described.‘4+!”° 
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FIGURE 7.14 Structure of the HCV p7 and NS2 proteins. A: Model of the p7 


monomer in a lipid bilayer.°*° Functionally important, conserved residues His 17 
(green); Lys 33 and Arg 35 (magenta); Pro 58 (yellow); and Phe 26, Trp 30, Tyr 
42, and Tyr 45 (slate) are shown. NMR coordinates and membrane modeling 
kindly provided by R. Montserret and F. Penin. B: EM reconstruction of a 


hexameric p7 conical flower, as rendered from EMD-1661.°°" C: The pinwheel 
model of a p7 hexamer as viewed from the side or from the ER lumen. Modeling 
coordinates kindly provided by R. Montserret and F. Penin. D: The conical 
flower model of a p7 hexamer as viewed from the side or from the ER lumen. 


Rendered from PDB 2M6X.°°! E: The dimeric NS2 cysteine protease domain. 
Monomeric subunits are colored green and blue; active site residues, red; C- 
terminal residues, yellow; cocrystallized detergent molecules are shown as 
spheres. Rendered from PDB 2HD0.°°° F: Model of NS2 TM domains, based on 


NMR data.°°9 G: A model of the full-length NS2, based on the models presented 
in (E) and (F). 


HCV p7 is essential for virus assembly in cell culture and for infectivity in vivo.*9%7978°9 


During virus particle assembly, p7 mediates critical interactions with NS2 and the viral 
glycoproteins.?/789.°71,938 There is also evidence that delayed E2-p7 cleavage allows for the 
N-terminus of p7 to be (at least transiently) cytosolic, where it may mediate interactions 
between NS2 and NS5A.7°° Indeed, genetic interactions link p7 and NS5SA during virus 
assembly,®!° and additional genetic interactions link p7 and NSSB in influencing the lipid 
composition and infectivity of virus particles.'° 

During HCV particle secretion, p7 has a critical role as a cation-selective, class Ila 
viroporin, modulating proton conductance to neutralize pH gradients in the secretory 
pathway, which may prevent premature acid-induced fusion of the viral glycoproteins.?”? In 
keeping with this model, the influenza A virus M2 viroporin can partially complement HCV 
mutants lacking p7 ion channel activity.°”°”? Two highly conserved basic residues located in 
the central cytosolic loop are required for p7 ion channel activity in vitro and for HCV 
infectivity in vivo.*!”’9’ Furthermore, inhibitors of p7 ion channel activity reduce virus 
particle release.°°! 

In addition to its essential roles in virus assembly and release, p7 also has anti- 
inflammatory activities. Specifically, HCV p7 binds to the interferon y-inducible DNA- 
binding protein IFI-16 and can prevent IFI-16 activation by modulating mitochondria 
membrane potentials, thereby subverting activation of the type I interferon system.’*! HCV 
p7 can also enhance cellular SOCS3 expression in a JAK/STAT- and MAPK-dependent 
manner, thereby reducing cellular response to TNF-a.°° 

Similar p7-like proteins are found in other hepaciviruses, although they can vary 
considerably in size. The largest and best characterized of these is the GBV-B p13 protein 
(~13 kDa), which has partial homology to HCV p7.*?? GBV-B p13 gene can be functionally 
replaced by HCV p7.?!° p13 is predicted to span the membrane four times and can be 
processed by signal peptidase into two tandem p7-like proteins.*9*°°4* The functional 
significance of the first half of p13 is unclear, since only the second half of p13, which has 
greater similarity to the HCV p7 gene, is required for infectivity in tamarins.°** 


NS2 Protein 


NS2 (~23 kDa) is a polytopic membrane protein with cysteine protease activity and a key 
regulator of virus particle assembly.?!+°°%9°%.8°9 NS2 contains three N-terminal 
transmembrane segments followed by a C-terminal cysteine protease domain.*°*7°9 The only 
known substrate of the NS2 protease is the NS2/3 junction, and NS2 is often referred to as an 


autoprotease.?!*.398.953 NS§2 has intrinsic protease activity’® that can be stimulated by the N- 
terminal zinc—-binding domain of NS3 and a conserved hydrophobic surface patch in the 


protease domain of NS3.°!+°°8377,829 Mutation of this surface prevents RNA replication and 
NSSA hyperphosphorylation, suggesting that NS2-3 cleavage precedes functional replicase 
assembly.?”7 


A crystal structure of the HCV NS2 catalytic domain revealed a homodimeric cysteine 
protease with two composite active sites (Fig. 7.14E-G).°°? One monomer contributes 
catalytic histidine and glutamate residues to each active site, with the nucleophilic cysteine 
supplied by the other monomer. This structure is supported by mutagenesis studies wherein 
HCV NS2 protease mutants can be complemented in trans, a feature that is conserved among 
other hepaciviruses.?°!*79° The C-terminus of NS2 occludes the substrate-binding groove, 
suggesting that this protease is inactive following cleavage. 

NS2 has several noncatalytic functions in HCV assembly and egress. It is a central 
organizer of virion assembly, coordinating interactions with E1-E2, p7, NS3—NS4A, NSSA, 
and host factors involved in virus assembly.?72°9423.°71715,73L865 For instance, the 
interaction of NS2 with NS3—4A is critical for trafficking of C from the surface of LDs into 
nucleocapsids.!7°-!®° NS2 also interacts with E2 and signal peptidase complex subunit 1,°” 
perhaps to facilitate E2-p7 cleavage required for virus assembly. In addition to its role as a 
matchmaker, bringing together virion components, NS2 also mediates envelopment. 
Specifically, the MARCH8 E3 ligase K63-polyubiquitylates NS2, which then recruits HGS, a 
component of the ESCRTO pathway, to facilitate fission.°° °° Finally, NS2 helps to mediate 
virus trafficking and release through interaction with the secretory vesicle coat adaptor 
complex proteins AP-1 and AP-4.9°° Consistent with this, some NS2 mutants display late, 
post-Golgi defects in virus particle egress.197°°7 


NS3 Protein 


HCV NS3 is a large (~70 kDa) multifunctional protein, containing an N-terminal serine 
protease domain and a C-terminal RNA helicase/NTPase domain.®°°° These enzyme activities 
play essential roles in virus gene expression, RNA replication, virus particle assembly, and 
subversion of host innate defenses. The serine protease, in particular, was the first HCV 
protein successfully targeted via DAA development.*”! While the first generation of HCV 
serine protease inhibitors were generally genotype specific and resistance arose with low 
fitness barriers, newer third-generation protease inhibitors are effective tools in combating 
HCV replication without these caveats.°”? 

NS3 belongs to the chymotrypsin-like superfamily of serine proteases. Structurally, it is 
composed of two f-barrels flanked by a-helices, with the central peptide of NS4A 
contributing one strand to one of the B-barrels (reviewed in Ref.®°°). Thus, NS4A is an 
essential cofactor of the serine protease.°*74%°7° The protease domain also has a Zn?* 
coordination motif,°° which has a structural role in protein folding, as well as an N-terminal 
amphipathic helix,!°? which contributes to the membrane association of the NS3-4A 
complex. The serine protease active site is composed of residues His 57, Asp 81, and Ser 
139, surrounding a shallow substrate-binding surface located between the two f-barrels.©° 
Cleavage sites within the HCV_ polyprotein have the consensus sequence 
(Asp/Glu)X XX X(Cys/Thr)/(Ser/Ala),°? which is conserved among other hepaciviruses. In 
order to form the serine protease, NS3 must first cleave the NS3/4A junction in cis, before it 


can cleave the NS4A/4B, NS4B/5A, and NS5A/5B junctions in cis or in trans. The preferred 
order of cleavage is NS5A/5B > NS4A/4B > NS4B/5A.°°>-®° Interestingly, the structure of a 
single-chain, full-length NS3 shows the C-terminus coordinated by the serine protease, as 
would be expected from the NS3-4A cis-cleavage reaction (Fig. 7.7).?%° 

In addition to the canonical cleavage sites within the polyprotein, HCV NS3-4A also 
mediates internal cleavages within NS3, NS4B, and NSSA although the functional relevance 
of these cleavages are not yet known.°°° Many additional peptide sequences can also be 
cleaved by NS3-4A.°°:7!2:845 Given this low substrate specificity, it is unsurprising that NS3- 
4A has evolved to cleave cellular proteins of functional relevance, including MAVS, TRIF, 
PTPN2, TC-PTP, GPx8, DBB1, and Neuregulin 1.407°455822 MAVS is a mitochondrial 
membrane protein that transduces signals from cytoplasmic RNA sensors RIG-I and MDA5 
to activate IRF3 and subsequent ISG expression. Several studies have demonstrated that 
NS3-4A cleavage removes MAVS from the mitochondria and attenuates ISG induction. In 
addition, HCV might also target TRIF, an adaptor molecule involved in the toll-like receptor 
3 signaling, which senses endosomal dsRNA to initiate antiviral signaling. Thus, cleavage of 
MAVS and eventually TRIF serves to subvert innate antiviral defenses.°0°°!16°0 

Similar to other Flaviviridae, the C-terminal domain of hepacivirus NS3 proteins encode 
a superfamily 2 RNA helicase/NTPase. These enzymes are motor proteins, utilizing the 
energy derived from NTP hydrolysis to translocate along one strand of a nucleic acid 
substrate; if the substrate is double-stranded, this translocation leads to strand displacement 
and unwinding.’°? 

Structurally, the HCV helicase domain contains two RecA-like subdomains, which bind 
and hydrolyze NTPs at their interface, as well as a third a-helix—rich subdomain. Nucleic 
acid substrates are bound in a cleft formed between the two RecA-like subdomains and 
subdomain 3.4*° NS3 can unwind RNA and DNA homo- and heteroduplexes by binding to an 
unpaired region of a template strand and translocating in a 3’ to 5’ direction, unwinding one 
base pair for each ATP hydrolyzed.*?°*+°78 Helicase activity and substrate recognition are 
stimulated by the NS3 serine protease domain and NS4A, and the helicase in turn stimulates 
NS3-4A serine protease activity.”°, 71, * Thus, the essential enzymatic activities of NS3-4A 
are tightly coordinated. Helicase activity can also be up-regulated by NS5B, presumably 
through interactions with the serine protease domain.!°** Likewise, the NS3 helicase activity 
enhances NSSB RdRP activity.’'” NS3-4A helicase activity is also down-regulated by the 
cellular arginine methyltransferase PRMT1, which methylates residues within the NTPase 
active site.226763 


Although the precise roles of the NS3 helicase are not fully understood, the NTPase and 
helicase activities are essential for HCV replication and viral infectivity,“4*4/° and the 
helicase domain has been implicated in virus particle assembly.°?!°’*”'° Furthermore, the 
NS3 helicase activity is required in cis for RNA replication, suggesting that it functions on 
the RNA from which it was translated; that is, it may play a role in recruiting RNA from 
translation into RNA replication.*!© 


The nonenzymatic regions of NS3 have also been implicated in HCV particle assembly. 
A mutation in the N-terminal amphipathic helix enhances transfer of C protein from LDs to 
the ER, thereby increasing the efficiency of virus assembly.?9* Furthermore, mutations in the 
peptide linker that connects the protease and helicase domains selectively inhibit assembly 
without impacting enzymatic function, suggesting potential protein—protein interactions.*°? A 
likely candidate is NS2 that, via interaction with the NS3 protease domain, could bring 
together the replicase and the NS2-associated envelope glycoprotein complex. 


NS4A and NS4B Proteins 


NS4A (~7 kDa) is a small 54-aa protein with multiple functions. Its N-terminal 
transmembrane domain anchors NS3-4A to the ER and promotes NS4A dimerization, which 
is important for RNA replication and virus particle assembly.*°° As mentioned above, the 
central region of NS4A facilitates proper folding of the NS3 serine protease domain, thereby 
acting as a cofactor for serine protease activity. The acidic C-terminal domain of NS4A 
stimulates NS3 NTPase/helicase activity,“? NS5A phosphorylation,4°!44°7! RNA 
replication,°°)°°* and virus particle assembly.°°*7!°”74 NS4A also physically interacts with 
NS2, NS4B, NS5A, and uncleaved NS4B-5A.°2:°27 


NS4B (~27 kDa) is an integral membrane protein with cytosolic N- and C-terminal 
regions flanking four transmembrane domains.°!° The N-terminal cytosolic region encodes 
two amphipathic helices, the second of which can insert in the membrane, thereby inverting 
the topology of the first helix.?!®°°' NS4B helix insertion into the ER leaflet is likely to 
generate positive membrane curvature, which may contribute to forming the HCV replication 
organelle.°°° The C-terminus of NS4B also encodes two a-helices, the second of which is 
membrane-associated.2°° A key feature of NS4B is that it oligomerizes and plays a central 
role in organizing the membrane-bound replication complex.?!)7°!°!4 For instance, 
expression of NS4B is sufficient to induce membrane rearrangements resembling RNA 
replication compartments,~°°° although other NS proteins (especially NS5A) are required 
for the formation of bona fide “membranous web” structures.’”® NS4B also binds to the 
cellular SAR1B GTP exchange factor, PREB, which is involved in COPII vesicle biogenesis 
and influences membranous web formation.**° Cell culture—adaptive mutations have been 
mapped to NS4B (reviewed in Ref.°’) and NS4B has been genetically linked to virion 
assembly.209:39° 


In addition to its role in rearranging cellular membranes, NS4B also inhibits innate 
immune signaling. Specifically, it binds to the innate immune adaptor STING, preventing its 
interaction with TBK1 and subsequent ISG induction.?°%°® NS4B also induces TRIF 
degradation in a caspase 8—dependent manner.°!© 


NSS5A Protein 


NSSA (~56—58 kDa) is a homodimeric phosphoprotein that plays multiple roles in the viral 
life cycle. NSSA is a multidomain protein that contains an N-terminal Zn**—binding domain I 
(DI), a central conserved domain IT (DI), and a C-terminal variable domain III (DIII); these 
domains are separated by two short linkers of low-complexity sequence (LCS), as illustrated 
in Figure 7.15A.9°° The N-terminus of DI contains an amphipathic a-helix that mediates 
peripheral membrane association and LD localization.!°%779,/°° The remainder of DI has 
been crystallized into two major homodimeric conformations. In one conformation, DI 
dimers form a claw-like structure containing a positively charged groove, which is postulated 
to bind RNA (Fig. 7.15B, C).9°! In the other conformation, two DI monomers bind along 
their length, forming a barrel-shaped dimeric structure (Fig. 7.15D).°°4 Both dimer 
conformations bury extensive surface area (~1,000 A?) and contain well-conserved residues 
at their interface, and mutations at these interfaces support the functional relevance of both 
dimer models in HCV replication.®*? NS5A DI has also been crystallized in two additional 
dimer conformations.*’? However, these latter models contain far less buried surface area and 
feature opposing membrane anchors, so their relevance remains unclear. It should be noted 
that several highly effective and potent NS5A-specific DAAs emerged from extensive 
compound library screening, for example, daclatasvir. The main line of evidence that these 
compounds target NS5A is that mutations conferring resistance map to NS5A DI, more 
precisely in the membrane-proximal region of the molecule and often in the linker 
connecting the N-terminal amphipathic a-helix and DI; however, the mechanisms of action of 
these compounds are not yet understood. A key feature of these compounds is their 
symmetry, consistent with models predicting that they bind at the NS5A dimer 
interface.*®°.498 One intriguing hypothesis is that these compounds inhibit virus replication 
by locking NSSA in one dimer conformation. 
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FIGURE 7.15 Structures of HCV NS5SA protein. A: A map of NS5A is 
illustrated, highlighting structural features, including two low-complexity 
sequences (LCS), known interaction sites, and residue numbers of 
phosphorylated Ser and Thr residues. This figure is loosely based on prior 


analyses, /84,900 Sequences presented are genotype 1b (J4 isolate, upper 
sequence) and genotype 2a (JFH-1 isolate, lower sequence). B: Surface 
electrostatic potential of the dimeric NS5A zinc—binding domain, as rendered 


from PDB 1ZH1.2°! Negative charges are in red and positive charges in blue. C: 
The NS5A zinc—binding domain (PDB 1ZH1), with individual monomeric 


subunits colored purple and green. Zn2* ions are shown in red, and coordinating 
residues are shown in yellow. D: An alternative structure of the NSSA zinc— 


binding domain, as rendered from PDB 3FQM.°°* The purple subunit is 
structurally aligned the same as the purple subunit in (C). 


Downstream of DI lies DIT and DIII, which have natively unfolded structures that contain 
some a-helical content.°?°!9,9°” In line with this flexibility, DIII is tolerant of large deletions 
and insertions.77°08-9%9.503,653,899 This conformational flexibility is also observed in other 
hepaciviruses, such as in GHV, which has an exceptionally long NS5SA with a 521-aa C- 
terminal region.*®° 


NSSA is phosphorylated by multiple cellular Ser/Thr kinases and can be found in basally 


phosphorylated (56 kDa) and hyperphosphorylated (58 kDa) forms. These designations, 
however, greatly oversimplify NS5SA phosphorylation status, which is quite complex and can 
differ between genotypes. Interestingly, many of the cell culture—adaptive mutations in 
genotype 1b replicons lead to increased basal NS5A phosphorylation and promote RNA 
replication.?~°*’ Basal phosphorylation involves a central region of NS5A and a large C- 
terminal region of DIII.°°° Initial mutational analysis of genotype 1a HCV NS5SA found that 
Ser residues within LCSI are required for hyperphosphorylation.®°? Subsequent analyses of 
genotype 2a HCV NSSA with phosphospecific antibodies or mass spectrometry definitively 
identified several phosphorylated residues, particularly in the LCS I region (Fig. 7.15A). 
Mutational analysis suggested that phosphorylation of Ser 225, Ser 229, Ser 232, and Ser 235 
positively regulates RNA replication, whereas phosphorylation of Ser 222, Ser 242, and Ser 
245 negatively regulates replication. 1©7246300301,497,594, 783,784 


Several NS5SA kinases have been tentatively identified.°?*’°* Basal phosphorylation 
likely involves phosphorylation at multiple sites by casein kinase IT subunit a, protein kinase 
A subunit Cf, and/or serine/threonine—protein kinase PLK1. Hyperphosphorylation is likely 
due to sequential, clustered phosphorylation of Ser 232 — Ser 235 | Ser 238 and (Ser 247 and 
Thr 244) — Thr 242 by casein kinase Ia.2°-78+8!4 NS5A hyperphosphorylation requires prior 
phosphorylation at positions Ser 225 and Ser 229,°°° coexpression of NS3-5A in cis,*74°°9 
and interaction between NS4A and NS5A°*"!; in contrast, hyperphosphorylation is inhibited 
by interaction with PI4K.’°° In addition to phosphorylation on multiple Ser/Thr residues, 
NS5A is also phosphorylated on Tyr 93 by c-Src.4°* Thus, NS5A phosphorylation is 
complicated and hierarchical and integrates multiple interactions as inputs. Depending on the 
viral genotype and strain, outputs of this mechanism may be expressed as altered protein— 
protein or protein—RNA interactions, differences in NS5A localization, and efficiencies of 
RNA replication or virus assembly.200301994, 784,785 


NSSA plays two key roles in HCV RNA replication: first, it alters ER membranes to 
build replication organelles; second, it is a nonenzymatic component of the replicase. To 
build the RNA replication organelle, NS5A binds and activates PI4KA7?7©7°9883 which 
generates phosphatidylinositol 4-phosphate, PI4P. PI4P then recruits membrane effectors like 
oxysterol-binding protein (OSBP), which shuttles cholesterol between membranes in 
coordination with VAMP-associated protein A (VAPA), as described below. Interestingly, 
VAPA is also an important NS5A interaction partner, preferentially binding to 
hypophosphorylated NSSA and_ stimulating RNA replication.*“4°°° Thus, NS5SA 
phosphorylation status regulates replication complex assembly, and it should be noted that 
one particularly potent cell culture—adaptive mutation (S232I) coordinately abrogates 
hyperphosphorylation and enhances RNA replication of most HCV strains in Huh-7 cells but 
dampens the activation of PI4KA, which is overproduced in Huh-7 cells.?*°°7 


Once replication organelles are formed, NS5A localizes to sites of viral RNA 
synthesis.°°? NS5A binds to NS5SB and can modulate its RdRP activity in vitro,®*? including 
increased RdRP processivity,°°° and mutations in NS5A that block NS5SB interaction are 


detrimental for HCV replication in cell culture.°*° The interaction between NSSA and NSSB 
requires c-Src, which binds to these proteins via its SH2 and SH3 domains, respectively.’!4 
NSSA also has RNA-binding activity, with the minimal RNA-binding domain in DI and 
LCSI,°’! although DII and DIII may also contribute to RNA binding.*’* The RNA-binding 
ability of NSSA can be regulated by cyclophilin A, a cellular proline cis—trans isomerase that 
is essential for HCV replication.”** Furthermore, NS5A phosphorylation is postulated to 
competitively inhibit RNA binding.*” 

NSSA plays an important role in virion assembly, primarily through trafficking to LDs 
and interaction with the viral C protein.*®.°>-°°* Recruitment of NS5A to LDs is mediated by 
determinants located in DI®®!0° and enhanced by the cellular enzymes DGAT1!°? and 
Rab18.’°8 DGATI, a diacylglycerol acyltransferase, is important for LD formation; Rab18, a 
small GTPase, regulates protein trafficking to LDs. Further downstream, DIII contains 
determinants of virus particle assembly; deletion of these determinants selectively inhibits 
virus assembly with minimal effects on RNA replication.*°-89°:!0° More specifically, virion 
assembly requires NS5A phosphorylation on Ser 457 by casein kinase Ila.°°° These findings 
have led to a model wherein the major assembly function of NS5A is to traffic genomic RNA 
from replication compartments to LDs for nucleocapsid assembly. In support of this model, 
the NSSA inhibitor daclatasvir prevents transfer of HCV RNA to sites of assembly.%° In 
addition, NSSA DIII recruits annexin A2, a cellular phospholipid-binding protein that 
enhances virus assembly.°° NS5A also reportedly interacts with ApoE,°°!8° which is 
essential for HCV particle assembly; however, it remains unclear how cytosolic NSSA 
interacts with this secreted glycoprotein. 


NS5B Protein 


NSSB (~68 kDa) is the hepacivirus RdRP, the enzyme responsible for viral RNA synthesis, 
and a major target of DAAs. NSSB is a tail-anchored membrane protein, posttranslationally 
inserting its C-terminal 21 aa into the ER membrane.*®*.8!” The tail anchor of GBV-B NS5B 
can functionally substitute for the tail anchor of HCV NS5B.1!° Deletion of this domain in 
HCV alters NSSB localization and inhibits replication in cell culture,°°! although it does not 
affect RdRP activity in vitro.°°° This truncated, active form of NS5B can be efficiently 
purified in soluble form, enabling biophysical and biochemical characterization. 


Like other RdRPs, the structure of NS5SB resembles a right hand with distinct finger, 
palm, and thumb domains, with nucleotidyltransferase active site residues located in the palm 
domain and a template-binding groove located within the fingers (Fig. 7.8B).?1>11499 HCV 
NSSB has been crystallized in both inactive “open” and active “closed” conformations, 
featuring an enclosed active site with extensive interactions between the finger and thumb 
domains. An unusual f-hairpin protrudes from the thumb into the active site, where it serves 
to stabilize the intermediates of de novo initiation.2°262,81799 In some structures, a C- 
terminal regulatory motif occludes the binding of RNA templates and inhibits RdRP 


activity.°0°°!,75° A recent breakthrough in the field was structural determination of stalled 
NSSB initiation and elongation complexes, highlighting the molecular basis of RNA 
synthesis via an in-line geometry of nucleotide attack, as well as conformational changes 


needed to clear the active site.°2 


Recombinant HCV NSSB is capable of in vitro synthesis of full-length HCV RNA with 
nucleotide incorporation rates of approximately 150 to 200 nt/minutes.°42-°°*7°! The rate- 
limiting step of NSSB RNA synthesis is de novo initiation: essentially, the synthesis of a 2-nt 
primer with a 5’ purine, which can be mono-, di-, or triphosphorylated.°#°©7)749, 79°, 791, 
752,839,1033 The efficiency of de novo initiation is enhanced by an allosteric GTP binding 
site?*2.55° and correlates with the efficiency of replication in cell culture, with thumb residue 
405, near the thumb-finger interface, greatly impacting the efficiency of initiation.®!®°47In 
vitro synthesis generally prefers to initiate with a GTP; however, most HCV isolates 
terminate with a 3’ uridylate, suggesting that negative-strand RNA synthesis initiates with 
ATP in vivo. Optimal RNA templates for de novo initiation contain limited secondary 
structure and an unpaired 3’ end.*°* However, the HCV 3’ NCR terminates with a stable 3’SL, 
suggesting that it is a suboptimal template for initiation. Indeed, when the HCV 3’ NCR is 
used as a template for de novo RNA synthesis, only internally initiated negative strands are 
produced.*0*:424,585.877 However, addition of a 2-nt 3’ extension leads to the production of 
template-length minus-strand products.°®° Thus, authentic initiation of HCV minus-strand 
synthesis may depend on the local unwinding of the terminal stem-loop, perhaps by the NS3- 
AA helicase. 


NSSB RdRP activity depends on intramolecular interactions and is influenced by 
intermolecular interactions with other NS proteins. Important contacts between NS5B 
domains were revealed through structural studies with non-nucleoside RdRP inhibitors, 
which allosterically block polymerase activity.°%198.173.208,323,556,917,918,949 _ ~ dditionally, 
NS5B oligomerization can cooperatively stimulate polymerase activity.’4*°*° NS3-4A, 
NS4B, and NSSA can all bind NS5B and influence its enzymatic activity in vitro.’!7°*° 
Genetic studies indicate that NS5A primarily binds to NS5SB via determinants located on the 
back of the thumb and inner surface of the fingers’** and as mentioned above, c-Src mediates 
interaction between NSSA and NSSB. 


In addition to RdRP activity, NS5B has terminal nucleotide transferase (TnTase) activity, 
adding a few untemplated nts to the 3’ end of an RNA substrate.°* 748.899 The TnTase activity 
of a highly purified NS5B preparation was shown to depend on RdRP active site residues; 
thus this activity is an inherent property of NS5B and not a contaminating enzyme.’“*-7°? 
Moreover, NS5SB TnTase activity can convert an RNA lacking a correct 3’ end into a useful 
template for de novo initiation,’“® suggesting that this activity may act as a “telomerase” to 
maintain genome integrity. 

As for many RNA viruses, only vanishingly small amounts of RdRP activity are needed 
to support hepacivirus replication. Indeed, protease protection experiments demonstrated that 


approximately 2.5% of NS5B protein resides inside membrane-bound replication 
compartments isolated from replicon-bearing cells yet fully accounts for all of the RdRP 
activity.’4° Thus, only a small fraction of NS5B may be actively involved in RNA synthesis 
at a given time; the other, larger fraction presumably may have other functions. Recently, 
mutations in p7 and NSSB were shown to cooperatively enhance the specific infectivity and 
lipid composition of a highly cell culture-adapted HCVcc,!° suggesting that NS5B may also 
contribute to virus assembly. 


Ultrastructure and Biogenesis of the HCV _ Replication 
Organelle 


HCV RNA replication takes place in a membranous compartment. Consistently, viral RNA 
synthesis is resistant to protease and nuclease treatment unless membranes are permeabilized 
with detergents.?)!9237338,468,639,746,997 Membrane fractions containing HCV RNA and viral 
proteins are not solubilized by treatment with cold Triton X-100, arguing for replicase 
assembly in lipid rafts. In agreement, extraction of cholesterol from these membrane 
fractions inhibits replicase activity.°°? Isolated membranous replicase complexes can use 
endogenous viral RNA but do not accept exogenous templates. Thus, the predominant 
reaction product from these complexes is elongation of RNA strands initiated in vivo. 
However, the observed inhibition of RNA synthesis by treatment with heparin®?® and the 
shift of single-stranded into dsRNA observed in pulse-chase experiments*°® suggest that a 
limited number of de novo initiation events do occur in these complexes. 


Studies with liver biopsies and human hepatoma cells expressing viral proteins or 
containing a stably replicating subgenomic HCV replicon revealed small clusters of single- 
membrane vesicles embedded into an electron-dense matrix, designated as the membranous 
web (Fig. 7.16A, B).2°2°° In addition, enlarged ER and aberrant mitochondria were 
observed in vivo, which might be the result of a virus-induced stress response.***° However, 
in hepatoma cell lines containing highly replication-competent HCV _ isolates, the 
predominant structures are double-membrane vesicles (DMVs) (Fig. 7.16C, D).7°%76699.778 
DMVs are heterogeneous in size (~150 nm diameter), enriched in the perinuclear region, and 
thought to be the site of HCV RNA replication because they contain active viral replicase and 
their abundance correlates with RNA replication.°9?:’” In addition to DMVs, single- 
membrane vesicles are found in high-level HCV-replicating cells (Fig. 7.16D), and although 
they contain the majority of viral proteins as determined by immuno EM,’” their role in 
RNA replication is unknown. It has been proposed that single-membrane vesicles might be 
precursors of DMVs,~°? similar to events occurring in poliovirus-infected cells where single- 
membrane structures originating from the cis-Golgi are later transformed into DMVs by 
membrane wrapping processes.°° However, single- to double-membrane intermediates have 
not been observed in the case of HCV. Multimembrane vesicles (MMVs) are also found in 
HCV-infected cells (Fig. 7.16C), but since they become visible only after the formation of 
DMVs, MMVs are thought to be a by-product, for example, resulting from a cellular stress 


response, rather than contributing to RNA replication.’”® 


detected in the livers of a chronic HCV carrier. TEM image of a liver biopsy 
specimen showing a membranous web composed of small clusters of single- 
membrane vesicles. A representative cluster of 10 to 30 single-membrane 
vesicles residing close to the endoplasmic reticulum (ER), mitochondria, and a 
lipid droplet (LDs) are shown. B: Membranous web (m.w.) detected in a human 
hepatoma cell line containing a stably replicating subgenomic HCV replicon 
RNA. M, mitochondria. C: Membrane alterations induced in a human hepatoma 
cell line infected with a highly replication-competent HCV strain (JFH1) 36 
hours after infection. DMVs, double-membrane vesicles; MMV, multimembrane 
vesicle; M, mitochondrium. D:3D surface reconstruction of a dual axis 
tomogram obtained with human hepatoma cells infected with a JFH1 variant and 
fixed 16 hours after infection. ER, endoplasmic reticulum (dark brown); DMV, 
double-membraned vesicle (inner membrane in yellowish brown, outer 


membrane in semitransparent light brown); SMVs, single-membrane vesicles 
(pink). The Golgi apparatus is shown in green, intermediate filaments in dark 
blue. E: Single tomographic slices displaying a DMV and its link to the ER 
membrane are shown on the top. A 3D surface rendering of the DMV and its 
stalk-like connection to the ER is shown on the bottom. Color codes as in (D). F: 
Single tomographic slice of an HCV-infected cell showing a lipid droplet 
staining positive or not for E2 as determined by light microscopy (LD* and LD, 
respectively). Note the tight wrapping of the E2-positive droplet (LD*) by an ER 
membrane, which is not the case with the E2-negative lipid droplet (LD). G:3D 
surface rendering of the E2-positive lipid droplet in (F). Note the DMVs 
emanating from the wrapping ER membrane. (Panel (A) was reproduced under a 


Creative Commons license from Blanchard and Roingeard.?! Panel (B) is from 
Gosert R, Egger D, Lohmann V, et al. Identification of the hepatitis C virus RNA 
replication complex in Huh-7 cells harboring subgenomic replicons. J Virol 
2003;77(9):5487-5492. doi: 10.1128/JVI.77.9.5487-5492.2003. Reproduced 


with permission from American Society for Microbiology.2° Panel (C) is from 
Romero-Brey, I. and Bartenschlager, R., unpublished. Panels (D) and (E) are 


reproduced under a Creative Commons license from Romero-Brey et al.’”8 


Panels (F) and (G) are from Lee, J.-Y. and Bartenschlager, R., unpublished.) 


While the origins of SMVs are unclear, DMVs are derived from the ER with the outer 
membrane often observed in connection to the ER membrane via a small “stalk” (Fig. 
7.16E).’’® Thus, topologically DMVs correspond to exvaginations, ballooning out of the ER 
toward the cytosol, which is the opposite orientation found with flavivirus replication 
organelles (Fig. 7.16B—E). The exact site of HCV RNA replication within its membranous 
replication organelle is not firmly established and awaits a method to detect nascent viral 
RNA with high spatial resolution. However, the nuclease and protease resistance of HCV 
RNA and the reported exclusion of pattern recognition receptors from the membranous web 
suggest that HCV might shield its RNA in the lumen of DMVs.°”° In this case, only a small 
fraction of DMVs would be engaged in RNA replication because only approximately 8% of 
DMVs were found to have an opening toward the cytosol at a given time point.’ 
Alternatively, HCV might generate a proteinaceous “pore” to allow passage of NTPs and 
RNA release from the vesicle lumen as originally proposed for Coronaviridae**? or the viral 
replicase might reside on the DMV surface as proposed for the poliovirus.®*729 Assuming 
that replication occurs within DMVs and a transport mechanism for viral RNA and 
membrane-impermeable metabolites would not exist, replication in these DMVs would cease 
upon vesicle closure, raising the question as to the turnover of these inactive DMVs. One 
possibility is the release of dsRNA-containing vesicles via the exocytic pathway.!*>7!8322 


Interestingly, in HCV-replicating cells, blocking the exocytic release of vesicles that occurs in 
an ESCRT-dependent manner induces TLR3-dependent interferon response suggesting that 
dsRNA release in the form of extracellular vesicles is a mechanism that dampens the 


activation of the interferon response in the HCV-infected cell.° 


The striking structural similarity of DMVs to autophagosomes and their common origin 
from the ER suggest that HCV utilizes autophagy or components of this cellular machinery 
for membranous web formation. Indeed, activation of autophagy in HCV-infected cells has 
been reported by several groups, but the contribution of this cellular process to viral 
replication is controversial.®.219.247,417,852,853,888 Several viral proteins, notably NS4B and 
NS5B, have been reported to activate autophagy.**>-°”° In addition, formation of DMVs can 
be induced by the sole expression of NS5A.’’” However, efficiency of DMV formation by 
NSSA is low but strongly increased by coexpression of other NS proteins and profoundly 
blocked by clinically used NS5A inhibitors such as daclatasvir.’” Thus, a concerted action of 
all HCV replicase factors, that is, NS3 to NS5B, is most likely required for efficient 
formation of the viral replication organelle. 


Although DMVs are derived from the ER membrane, they have a different lipid 
composition. While ER membranes are low in cholesterol and sphingolipid, concentrations 
of these lipids are high in the case of DMVs.°° A key mediator of this change in lipid 
composition is PI4KA, which is recruited, via binding to NSSA, to ER/DMV 
membranes. ”?°0°:799:883,921 There, the kinase synthesizes large amounts of PI4P, which are 
usually low in abundance at ER membranes but high in the Golgi and plasma membranes. In 
addition, NS5A, via association with VAPA/B, binds to and recruits nonvesicular transport 
proteins such as the cholesterol transfer protein OSBP.2°? By analogy to other cellular 
systems, we can assume that once recruited to the PI4P-enriched ER or DMV membrane, 
OSBP releases cholesterol into the ER/DMV membrane in exchange for PI4P.°!%°0 
Presumably by an analogous countercurrent mechanism, glycosphingolipids might be 
incorporated into membranes of the HCV replication organelle via the PI4P-dependent 
glucosylceramide transporter protein FAPP-2 that under normal conditions mediates the 
nonvesicular transport of glucosylceramide from the TGN to the plasma membrane.*!® Thus, 
by recruitment and activation of PI4KA, HCV sustains a PI4P gradient to enable the 
accumulation of distinct lipids in ER/DMV membranes. These lipids might provide building 
blocks for lipid rafts, promoting replicase assembly and/or activity. This conclusion is based 
on several observations. First, treatment with methyl-f-cyclodextrin, which extracts 
cholesterol from membranes, impairs replicase activity and causes DMVs to shrink in size.°?? 
Second, altering cholesterol metabolism pharmacologically leads to reduced 
geranylgeranylation, replicase disassembly, and inhibition of RNA replication.40°!0 Third, 
the membranous web is poorly soluble in nonionic detergents, consistent with an enrichment 
of cholesterol and sphingolipids.?*°° Fourth, genetic knockdown or pharmacological 
inhibition of PI4KA blocks HCV replication, concomitant with a clustering of DMVs that are 
reduced in size and rather homogenous.’°? Fifth, sphingolipids can stimulate HCV replicase 


activity.°°°°” Taken together, HCV might use components of the autophagy machinery to 
generate DMVs that are altered in lipid composition via a PI4KA-dependent lipid transfer 
pathway. 


Although PI4KA is essential for HCV replication, the abundance of PI4P has to be kept 
within a certain range because high levels appear to be deleterious for replication. Some cell 
culture—adaptive mutations, which promote HCV replication in Huh-7 cells, are loss-of- 
function mutations that reduce PI4KA activation, thus lowering PI4P production.°*” Since 
Huh-7 cells express much higher levels of PI4KA than primary human hepatocytes, reducing 
the interaction with the kinase via cell culture-adaptive mutations compensates for high-level 
expression of the kinase in hepatoma cells. Furthermore, PI4KA inhibitors can also enhance 
replication of unadapted HCV strains and allow efficient replication of primary isolates in 
cell culture.°°” 


Apart from local enrichment of distinct lipids within the replication organelle, HCV- 
infected cells contain high overall lipid content as a result of reduced VLDL secretion and 
activation of lipid synthesis pathways.°?”’°9 These include the sterol regulatory element— 
binding protein (SREBP) pathway, which can be induced by NS4B- or HCV-triggered ER 
stress,°°>9° and activation of DDX3X, a cytosolic RNA helicase that senses HCV RNA and 
induces, via the cellular transcriptional coactivator CBP-p300, expression of SREBP.°’? In 
either case, the expression of lipogenic genes is activated, including FAS and HMGCR, the 
rate-limiting enzyme of the isoprenoid pathway, which feeds into both cholesterol 
biosynthesis and protein lipidation. In addition, replication organelle formation might exploit 
LDs, which are highly enriched in triacylglycerol and cholesterol esters. Consistent with this, 
DMVs are often found in close proximity to LDs, with ER membranes wrapping around 
nearby LDs (Fig. 7.16F, G). These membranes are often decorated by DMVs, arguing for a 
close spatial coupling of HCV RNA replication and assembly (Fig. 7.16F, G). 


HCV RNA replication is stimulated by increased availability of saturated and 
monounsaturated fatty acids and inhibited by polyunsaturated fatty acids (PUFAs) or 
inhibitors of fatty acid synthesis,*°° suggesting that specific lipids and/or membrane fluidity 
are important for the function of the membranous web. Moreover, lipid peroxidation arising 
from ROS-induced conversion of PUFAs, which leads to covalent adducts of modified lipids 
with proteins, suppresses HCV RNA replication.°°”9* This block can be overcome by 
mutations in the transmembrane and membrane-proximal regions of NS4A and NS5B and by 
lipophilic antioxidants, such as vitamin E. Interestingly, Sec14L2, a lipid transporter protein 
expressed in the liver but not in Huh-7 cells, was identified as a host cell factor that renders 
human hepatoma cells permissive for non—cell culture—adapted HCV strains.’?° Ectopic 
expression of Sec14L2 made Huh-7 cells permissive for primary HCV isolates in human 
serum and nonadapted viral strains. Although the precise mechanism is not known, SEC14L2 
might enhance vitamin E—mediated protection of HCV against lipid peroxidation. Of note, 
the genotype 2a isolate JFH-1, which is the only isolate that replicates to high level in 
hepatoma cells without cell culture-adaptive mutations, is intrinsically resistant to lipid 
peroxidation.?°* To which extent this property contributes to its unique replication capacity 


remains to be determined. 


RNA Replication 


HCV genomes must be translated more frequently than they are replicated, since 1,000 viral 
proteins are produced per viral RNA at steady state.’“° Thus, only after an initial burst of 
translation is the hepacivirus genome recruited out of translation and into a replication 
complex. The mechanisms by which these processes are coordinated have not been 
elucidated but may involve crosstalk between the 5’ and 3’ ends.°”’ For instance, the cellular 
PTB protein binds to the HCV 5’ NCR and C coding region, where it may modulate IRES 
activity??!9!> and to the 3’ NCR, where it may repress replication.2°!°*4 Another RNA- 
binding protein, HuR, competes with PTB for binding to the 3’ NCR and recruits La protein, 
which may promote genome cyclization.*°”°*° Thus, it is plausible that hepacivirus genome 
cyclization may facilitate RNA replication. It has also been proposed that C protein 
contributes to the switch between translation and replication, enhancing IRES-mediated 
translation when C protein levels are low and inhibiting translation while C protein levels are 
high.?>-!°°7 However, this model does not explain the regulatory mechanisms of subgenomic 
replicons that do not express C protein. Finally, it has been noted that the RNA-binding and 
ATPase activities of the NS3 helicase domain are required in cis for HCV RNA 
replication.*!© One interpretation of these data is that the helicase binds to the RNA from 
which it was translated, perhaps to recruit the viral genome out of translation and into the 
replication compartment. This may parallel the role of the 1a RNA helicase protein of brome 
mosaic virus, another positive-strand RNA virus, in recruiting the viral genome into RNA 
replication.?*” 


HCV RNA replication initiates with the synthesis of genome-length, negative-strand 
RNAs, which may be found as partially double-stranded RI or fully double-stranded RFs.'° 
Negative-strand RNA then serves as a template for multiple rounds of positive-strand 
synthesis, leading to the asymmetric accumulation of nearly 10 positive strands for every 
negative strand.?-°°9,746 


Virus Assembly 


HCV particles bud directly into the ER, transit the secretory pathway, and are released 
through exocytosis. A notable difference from flaviviruses is that HCV does not undergo 
proteolytic maturation and is infectious upon envelopment. Following SPP cleavage, mature 
C localizes to cytoplasmic LDs, the presumed site of nucleocapsid assembly.°°°?8 NS5SA 
also localizes to LDs and is thought to relocalize genomic RNAs from replication 
compartments to assembly sites.7° Localization of C and NS5A to LDs requires the cellular 
DGAT1 and Rab18 proteins.*°’98 NS5A localization to LDs also requires CK1-dependent 
hyperphosphorylation. Core is thought to recruit the membrane-associated replication 
complex through its interaction with NS5A.2°°9°.98 NS? is a major scaffolding protein of 
virion assembly, interacting with NS3-4A possibly for nucleocapsid assembly and p7 to 


recruit mnucleocapsids to sites of  envelopment where’ they _ interact’ with 
E1/E2.97389,571,715,731,865 NS4B and 5B also are required for efficient virion assembly. 

HCV particle formation is associated with VLDL assembly, which also takes place in the 
secretory pathway of hepatocytes. Virions have a lipid composition similar to LDL and 
VLDL.°!® HCV particles also incorporate ApoA1, ApoB, ApoC, and ApoE and require Apos 
for infectivity (reviewed in Ref.*°°). It is unclear whether VLDL components are 
incorporated as a hybrid viral/host envelope or if they are tethered. The amphipathic a- 
helices of the apolipoproteins are important for supporting assembly and infectivity.?°! 
Interestingly, the apolipoproteins seem to be playing a role similar to NS1 for flaviviruses or 
E'S for pestiviruses, as they can partially substitute for each other in virion assembly.7°° 

HCV egresses through the secretory pathway, where the ion channel activity of p7 may 
protect nascent virions from premature fusion induced by the low pH of the secretory 
compartment although released virions are pH-resistant.?”? While intracellular HCV particles 
are infectious, their buoyant density becomes lower as they egress in a maturation process 
that parallels VLDL.?®° Virions are thought to undergo ER-to-Golgi transit in COPII vesicles, 
traffic through the trans-Golgi network and endosomal and recycling compartments in 
association with VAMP1-expressing vesicles, ultimately leading to secretion from the 
cel],178°87,880 Tt is also clear that there is a distinct cell-cell spread pathway allowing the 
virus to spread between hepatocytes while avoiding antibody surveillance.?!* These 
pathways appear to be regulated in part by a NS2 interaction with AP-1 and four clathrin 
adaptors that sort cargo for post-Golgi trafficking.9*° 


In addition to these major egress pathways, HCV RNA can spread from cell to cell via 


exosomes, albeit at low levels.!*>°°* ESCRT components have also been implicated, 
although they probably have noncanonical functions, as opposed to a classical role in 


membrane scission.”° In addition to the VLDL secretory pathway, a number of other host 
factors have been implicated in HCV assembly, including the NS5A-interacting annexin A2, 
autophagy proteins ATG7 and Beclin-1, HSC70,TIP47, PLA2G4A, FIG 4, ABHD5, and 
CIDEB.*8° 


PEGIVIRUSES 


Background and Classification 


In 1967, serum from a surgeon “GB” who had contracted acute hepatitis was inoculated into 
four marmosets, causing hepatitis in all of them.*°! After 11 serial passages of the GB agent 
in tamarins, two viruses were eventually cloned in 1995 and named GBV-A and GBV-B.*°! 
Both viruses are similar to HCV yet genetically quite distinct.°? Although GBV-A was 
initially thought to have originated from human serum, subsequent work showed that it is a 
cryptic monkey virus that was likely acquired during passage in tamarins.!**49* GBV-B has 


not been reisolated, and its origin remains a mystery; nevertheless, GBV-B is now recognized 
as a member of the genus Hepacivirus, its closest relative being RHV-I.?'° A third related 
virus was identified in humans by two different groups and called GBV-C or hepatitis G 
virus.°°4+°°° A virus distantly related to GBV-A and GBV-C was then discovered in Old 
World frugivorous bats in Bangladesh and designated GBV-D.**? Based on sequence 
relatedness and overall genome structure, GBVs have been classified as members of the 
family Flaviviridae, with GBV-A, GBV-C, and GBV-D classified as a separate genus, 
Pegivirus, indicating that they are persistent GB viruses.®°”°°° GBV-A and GBV-C have 
been renamed simian pegivirus (SPgV) and human pegivirus (HPgV), respectively. 
Currently, six genotypes of HPgV are recognized. 

Virus discovery efforts have identified several additional pegiviruses in other animal 
species. Recently identified mammalian pegiviruses include rodent pegivirus (RPgV); 
porcine pegivirus (PPgV); two pegiviruses of horses, equine pegivirus (EPgV) and Theiler 
disease—associated virus (TDAV); as well as three distinct rat pegiviruses (BPgV-F, BPgV-G, 
and BPgV-I). An additional human-infecting pegivirus is known as hepegivirus (HHPgV) 
because it has some hepacivirus-like features yet classified as a pegivirus based on molecular 
phylogeny.**!°°” Pegiviruses generally produce subclinical, persistent infections. While 
TDAV was originally associated with acute hepatitis in equines, subsequent work identified a 
parvovirus as the etiologic agent of hepatitis.*!° 


Clinical Perspective 


Human infection with HPgV is surprisingly common: approximately 1% to 5% of blood 
donors in developed countries and approximately 20% in developing countries have 
detectable viremia. Nearly three-quarters of infections are cleared within 2 years,“ with the 
remainder persisting for years without obvious symptoms.*! Clearance usually correlates 
with the appearance of antibodies against E2.’*? HPgV appears to be primarily lymphotropic 
in vivo,*°*483 although evidence also exists for hepatotropism.*’? This virus can be 
transmitted parenterally or sexually, with vertical transmission also likely.’”*7*9 HPgV 
infection is associated with increased risk of non-Hodgkin lymphoma, although the 
underlying mechanisms of this linkage are unclear.'°’ Surprisingly, HPgV may have 
beneficial effects to HPgV-HIV coinfected patients, with lower HIV titers, higher CD** T-cell 
counts, and slower HIV disease progression.!°? Based on these observations, as well as in 
vitro experiments, it has been proposed that HPgV interferes with HIV replication by altering 
expression of cytokines, chemokines, and chemokine receptors,’*%°° decreasing T-cell 
activation,° directly inhibiting HIV-1 entry,2°°79°*34 and/or eliciting cross-reactive 
antibodies that neutralize HIV particles.°*° A causal relationship is not clear, however, since 
HPgV is lymphotropic and higher HPgV titers could correlate with higher lymphocyte 
count.?*! It is also notable that this relationship does not extend to other pegiviruses and 
lentiviruses: SPgV does not protect against SIV coinfection.*! 


HHPgV is much less prevalent than HPgV, infecting approximately 0.4% of healthy 
blood donors. HHPgV may also be parenterally spread, as the infection rates increase to 
approximately 2% in HCV-, HIV- or HCV/HIV-coinfected individuals.’**07°?! HHPgV 
infection has not been linked to any specific clinical symptoms or changes in HIV disease 
progression. 

SPgV has been detected in several species of New World monkeys in the absence of 
experimental infection or overt disease.!***9! Surprisingly, SPgV replicates to high titers 
without inducing an adaptive immune response“! and exhibits remarkable genetic stability.“ 


Virion Structure and Entry 


Similar to HCV, HPgV particles exhibit unusually low and heterogeneous buoyant density, 
with peaks near 1.08 and 1.17 g/mL.°!*,894984 A peculiarity of many pegiviruses is that they 
do not encode an obvious C gene, so it is unclear how nucleocapsids are formed. Treatment 
of virions with detergents to solubilize the viral envelope shifts the peak of viral RNA to a 
higher density form, suggesting that they may contain nucleocapsids.°!*°°49%* Little is 
known about the pegivirus entry mechanisms, although it has been proposed that GBV-C 
utilizes the LDLR for entry.* 


Genome Structure and Expression 


Pegivirus genomes range from 9.4 to greater than 10.8 kb in length, containing long ORFs 
(2,973—3,469 codons) flanked by 5’ and 3’ NCRs (Fig. 7.17). Pegivirus 5’ NCRs can be 
considerably longer than their hepacivirus counterparts, up to 617 nt in length in the case of 
TDAV. Most pegiviruses, such as SPgV,°*9 HHPgV,°*? and EPgV,*°8 encode hepacivirus-like 
class IV IRES elements, while others, such as TDAV, lack structural similarity to known 
IRES elements.!*° Pegivirus 3’ NCRs also differ considerably from other genera within the 
family, lacking a poly(U/UC) tract, but do sometimes contain short poly(G) tracts, as well as 
repeated structural elements reminiscent of the flaviviruses.!°”+!° 
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FIGURE 7.17 Pegivirus genome structure. The structural organization of several 
pegivirus genomes is illustrated. See text for details. 


Structural Proteins 


Several pegiviruses, like HPgV, SPgV, BPgV-I, EPgV, and TDAV, lack any obvious capsid- 
or core-like gene, initiating translation shortly upstream of a predicted signal peptide for 
E1,°°4,658.857 Others, such as GBV-D and HHPgV, encode short (~57 and 60 aa, respectively), 
basic N-terminal peptides, which may function as capsid or core proteins (Fig. 7.17). In the 
case of HHPgV, this core-like protein has been called “Y protein” (Fig. 7.17).4°7 
Furthermore, some HPgV-infected individuals generate antibodies against a small basic 
peptide that can be translated from an in-frame, upstream AUG, suggesting that such a 
protein is expressed in vivo.?** Finally, bat-infecting pegiviruses encode “variable region” 
(VR) proteins in place of the C gene; VR proteins are predicted to contain N-terminal signal 
peptides, ectodomains of 20 to 150 aa, and two to four transmembrane domains (Fig. 
7.17).’*° While these proteins are basic (pI ~8.16-9.12), it is not clear whether they are 
structural proteins, nor whether their membrane anchoring and topology are compatible with 
nucleocapsid formation. Alternative explanations for the lack of a capsid-like protein include 
the possibilities that pegiviruses may usurp a capsid-like protein or other polycationic 
molecule from the host cell or a coinfecting virus or that additional pegivirus proteins may be 
involved. In this regard, a region of the HPgV NSSA gene that exhibits a bias against 


synonymous mutation has been noted to potentially encode a small basic protein (~10 kDa, 
pl 11.5) in an alternate reading frame.’°! 


Pegiviruses encode two viral glycoproteins of unknown structure, E1 and E2, which 
presumably mediate binding and entry. Consistent with this, the presence of E2-specific 
antibodies correlates with protection from HPgV reinfection in the context of liver 
transplantation.**°.!° HPgV E2 does not bind CD81,*"4 indicating that it likely uses different 
entry factors than HCV. One curious feature of HPgV E1 and E2 is that these glycoproteins 
reportedly inhibit HIV-1 replication via a variety of mechanisms.*°~797449>! In addition to 
E1 and E2, HHPgV and EPgV encode a third glycoprotein, known as X, located between E2 
and NS2 (Fig. 7.17). The function of X is unknown and its classification as a virion structural 
protein remains tentative. 


Nonstructural Proteins 


Many pegiviruses encode a small polytopic membrane protein, similar to the hepacivirus p7 
protein, immediately following the structural proteins. These range in size from the 
approximately 6-kDa p6 protein of HPgV to the approximately 28-kDa p28 protein of BPgV- 
G.408,745 Tt is unclear whether these proteins are true orthologs of the HCV p7 protein or are 
capable of forming ion channels. Surprisingly, EPgV and HHPV lack p7-like proteins but do 
encode X glycoproteins between E2 and NS2. Given that p7 is essential for hepacivirus virus 
assembly and secretion, perhaps the X glycoprotein can functionally replace p7. 


Of the remaining pegivirus NS genes, their overall architecture is remarkably similar to 
the hepaciviruses, although highly divergent at the amino acid level. Nevertheless, conserved 
active site and structural motifs are found in the corresponding locations for NS2 cysteine 
autoproteases, NS3 serine protease/NTPase—RNA helicases, NS4A membrane-bound serine 
protease cofactors, NS4B nucleotide-binding membrane proteins, NSSA Zn**—binding 
phosphoproteins, and NS5B RdRPs.*°8745 For HPgV, the membrane topology and 
autoprotease activity of NS2 have been confirmed,°° the NS3-4A serine protease was shown 
to cleave MAVS and thereby inhibit type I interferon induction,!®° and the NS3 helicase 
domain possesses NTP-dependent RNA unwinding activity.°*9!°°* One notable difference 
between pegiviruses and hepaciviruses is that their NS3-4A serine proteases have very 
different substrate recognition motifs. The HPgV NS3 serine protease is also reported to 
interfere with HIV-1 replication*?° and may bias infected T lymphocytes toward a Th1 
phenotype.’** 


With no significant human or animal disease associations, the pegiviruses are woefully 
understudied, and virtually nothing is known about virus structure, virus entry, mechanisms 
of RNA replication, and virus assembly. From an evolutionary standpoint, it seems 
particularly interesting that some pegiviruses lack defined nucleocapsid-forming proteins, 
while others express VR and Y proteins; similarly, some pegiviruses lack p7-like proteins, 
while others encode p7-like proteins that are much larger than their hepacivirus counterparts. 
Clearly, these viruses are likely to exhibit interesting variations on virus assembly and release 


within the family. 


PESTIVIRUSES 


Background and Classification 


Pestiviruses are animal pathogens of major economic importance, particularly for the 
livestock industry. They include the type member, bovine viral diarrhea virus 1 (BVDV1), 
classical swine fever virus (CSFV), border disease virus (BDV) of sheep, as well as several 
recently identified species that infect cows (BVDV2; HoBi-like pestivirus [HoBiPeV]), pigs 
and boars (porcine pestivirus [PPeV], also known as Bungowannah virus; atypical porcine 
pestivirus [APPeV]), sheep (Aydin-like pestivirus [AydinPeV]), giraffes (giraffe pestivirus 
[GPeV]), pronghorns (pronghorn antelope pestivirus [PAPeV]), and rodents (rat pestivirus 
[RPeV]).°©° A partially sequenced pesti-like virus from bats awaits classification, but it is 
notable that rats and bats are the only known natural hosts of pestiviruses outside the order 
Artiodactyla, that is, cloven-hooved animals. It is also notable that CSFV has been adapted to 
grow in rabbits; this strain is attenuated in pigs and has been used as a live vaccine in China 
for over 60 years.!°” 


Pestiviruses can be cultured in the laboratory and several highly permissive cell lines 
have been identified. It is notable that BVDV is found in most commercially available lots of 
pooled fetal calf serum, so permissive cells stocks must be validated as BVDV-free and 
maintained under serum-free conditions or with serum from other species. In cell culture, 
pestiviruses are generally noncytopathic (ncp), although stable cytopathic (cp) biotypes have 
been identified based on their ability to induce cell death in cell culture. Infectious cDNA 
clones and replicons have been assembled for several pestiviruses, allowing all aspects of 
their life cycle to be dissected at the molecular level. 


Pestiviruses produce a range of diseases in their respective hosts; the two most 
economically impactful are CSFV and BVDV. CSFYV is one of the most severe infectious 
diseases of pigs, with mortality rates up to 90%. CSFV infections may have an acute course, 
with malaise and gastrointestinal distress progressing to fatal hemorrhagic and neurological 
syndromes within 4 weeks, or follow a chronic course, typically in immunologically 
immature newborn piglets, producing a more extended (1—3 months) but no less lethal course 
of disease.2° BVDV1 usually causes only subclinical or mild symptoms in adult animals, 
while some strains of BVDV2 have been associated with a severe, acute hemorrhagic 
disease.’°* However, vertical transmission of BVDV1, BVDV2, or BDV can lead to chronic 
infections of newborn calves or lambs that invariably lead to fatal mucosal disease (MD); 
interestingly, both ncp and cp viral biotypes can be recovered from animals with MD.°% 
Effective vaccine strategies have been developed for CSFV; however, the development of 
BVDV vaccines has proven to be more challenging due to the inherent antigenic diversity of 
these viruses.°*? One promising approach has been the development of live, recombinant 


cpBVDV strains containing in-frame deletions in the viral N° gene and inactivating 
mutations in the viral E'™® gene, which induce strain-specific immune responses but do not 
establish persistent infections or cause fetal death in immunized pregnant cows.°? 


Structure and Physical Properties of the Virion 


Pestivirus particles are 40 to 60 nm in diameter, are lipid enveloped, and display viral 
envelope glycoproteins E™*, E1, and E2 surrounding a nucleocapsid composed of the core 
(C) protein and viral RNA. Similar to HCV, pestiviruses are remarkably stable to low 
pH.?°7,45° Virus particles are relatively featureless, although GPeV particles show an 
intriguing electron-lucent internal space to one side of the capsid (Fig. 7.18). Given the 
similarity of GPeV particle morphology to proposed HCV lipoviroparticle structures and that 
pestivirus particles have relatively light buoyant densities, approximately 1.090 to 1.134 
g/mL,*°°°9 it is tempting to speculate that this extracapsular space may be filled with lipids. 
Consistent with this, BVDV1 particles were found to have a high cholesterol, sphingomyelin, 
and hexosylceramide content for a virus that buds into the ER, although extracapsular spaces 
were not prominent.!° 


FIGURE 7.18 Pestivirus particles. A: Extracellular forms of GPeV by standard 
TEM, showing loosely attached envelope membranes. B: Extracellular GPV, as 
in (A), imaged with electron tomography. (Panels (A) and (B) were adapted 
from Schmeiser S, Mast J, Thiel HJ, et al. Morphogenesis of pestiviruses: new 
insights from ultrastructural studies of strain Giraffe-1. J Virol 2014;88(5):2717— 
2724. doi: 10.1128/JVI1.03237-13. With permission from American Society for 


Microbiology.®!®) C: Purified BVDV1 particles imaged by negative staining and 
standard TEM. D: Purified BVDV1 particles imaged by cryo-EM. As per 


Callens et al., 192 “Black arrows: enveloped, capsid-containing particles of 


approximately 50 nm, black arrowheads: larger enveloped, capsid-containing 
particles, white arrowheads: nonenveloped, capsid-like particles, white arrows: 
small empty vesicles, white asterisks: large vesicles.” E: BVDV 1 particle (large 
inset) reconstructed by averaging from representative cryo-EM micrographs 


(small insets). (Panels (C) to (E) were reproduced under Creative Commons 
license from Callens et al.132 All scale bars, 100 nm.) 


Binding and Entry 


Pestiviruses exhibit broad cell tropism in vivo. Both CSFV and ncpBVDV1 infect epithelia, 
B and T lymphocytes, monocytes, and bone marrow cells, causing marked lymphopenia and 
thrombocytopenia as well as hemorrhage in lymph nodes and Peyer patches.°%09%% 
Pestiviruses can initially attach to cells via interaction of the E’® glycoprotein with cell- 
surface GAGs.°’*73 However, only El and E2 are required for the entry of BVDV1 


pseudoparticles, suggesting that E™S serves to enhance avidity in native virions.”*! 
Recombinant CSFV E2 can bind to cells and block infection of both CSFV and BVDV, 


suggesting that both viruses share a common entry receptor.*”” In contrast, the BDV E2 
exhibits virus-specific tropism.°!® An early report that LDLR serves as a receptor for 


BVDVI1 has not held up to further scrutiny.*°* One validated entry receptor for BVDV1 and 
BVDV2 entry into bovine cells is CD46, which binds to these viruses via its first 


complement control protein repeat.*°1°99 BVDV1 and CSFV are internalized via clathrin- 
mediated endocytosis and delivered to endosomes, where low pH-dependent fusion 


occurs.?29.453.493,837 Similar to HCV, pestiviruses are acid stable and must be primed to 
respond to low pH. Combined treatment of BVDV1 with a reducing agent and low pH 
allowed “fusion-from-without,” suggesting that one or more protein disulfide isomerases on 
the cell surface or endosomal compartments may contribute to priming.*°? The fusion 
process releases the nucleocapsid, which is presumably disassembled to release the viral 
genome. Interestingly, the growth of a unique CSFV mutant lacking core protein was highly 
restricted by ISG expression in target cells, suggesting that the nucleocapsid serves to protect 
the incoming genome from innate antiviral responses.’°° 


Genome Structure 


Pestivirus genomes are approximately 12.3 kb in length, lack a 5’ cap or 3’ poly(A) tail, and 
contain 5’ and 3’ NCRs of 372 to 385 and 185 to 273 nts, respectively, flanking one long 
ORF of approximately 3,900 codons (Fig. 7.19A).'18-189.659 Similar to hepaci- and 
pegiviruses, the 5’ NCRs of pestiviruses contain an IRES that directs cap-independent 
translation of the viral genome.’°° Upstream of the IRES are two 5’ SL structures (domains Ia 
and Ib in Fig. 7.194) shown to be important for BVDV1 RNA replication.2’?'0!% 
Surprisingly, all of domain Ia and part of Ib may be substituted or deleted; however, 
replication is strictly dependent on the 5'-terminal GUAU sequence.°*?” Thus, pestiviruses 
and hepaciviruses differ in the organization of their 5’ signals needed for genome 
replication.?!° 
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FIGURE 7.19 Pestivirus genome structure and protein expression. A: Genome 
structure and RNA elements. Important RNA elements are indicated as in Figure 
7.4. B: Polyprotein processing and cleavage products. Symbols identifying 
proteolytic cleavages for the cpBVDV1 NADL strain are the same as those 
described in Figure 7.4 except for the autocatalytic cleavage releasing the N- 


terminal nonstructural protein NP'° from the pestivirus polyprotein, which is 
indicated by a closed bullet. See text for details. 


Pestivirus 3’ NCRs contain a SL-containing variable region followed by a conserved region 
that contains two conserved SLs.7°+!°!! Mutational analyses indicate that the 3’ variable 
region is important for translational termination and may coordinate translation and 
replication, while the 3’ conserved region is critical for RNA replication, likely to direct 
minus-strand initiation.°”°9*0"! A critical feature of the 3’ conserved region is to bind and 
sequester microRNAs miR-17 and let-7; these binding events are important for BVDV1 and 
CSFV RNA replication but also dysregulate expression of host genes dependent on miR-17 
and let-7.°!* While miR-17 binds to one unstructured loop within the 3’ conserved region, let- 
7 can bind to several sequences located within secondary structures, presumably destabilizing 
them (Fig. 7.19A). Thus, these miRNAs may act as switches that stabilize or destabilize 
structures within the 3’ NCR, respectively. 


Translation and Polyprotein Processing 


The pestivirus TIRES bears structural and functional similarity to that of 


hepaciviruses.’!°-72°:7”0 The minimal functional IRES includes 5’ NCR domains II and III, 
although its activity is influenced by RNA structures downstream of the initiation codon. 
Similar to hepaciviruses, the pestivirus IRES binds ribosomal 40S subunits without the need 


for translation initiation factors eIF4A, elF4B, and eIF4F.7!2714859 Th fact, the CSFV IRES 
displaces eIF3 from its ribosomal position, so much so that eIF3 is held in the 43S 


subcomplex solely via its interaction with IRES domain III.°“4 


The pestivirus polyprotein is proteolytically processed into individual viral proteins: 
NPPO_C—E™S_F1—F.2—p7—NS2—NS3-NS4A-—NS4B-NSSA-NS5B (Fig. 7.19B). Unlike for 
other members of the family, the first pestivirus protein, NP"°, is not a structural protein but a 
NS autoprotease responsible for cleavage at the NP'°/C site.°°”°’° The pestivirus structural 
proteins are cleaved by signal peptidase at the C/E’, E1/E2, E2/p7, and p7/NS2 sites, with 
incomplete cleavage leading to accumulation of uncleaved E2—p7.*°°°°79 Similar to HCV, 
the pestivirus C protein is further processed by SPP, releasing mature C protein from the 
signal peptide.*°! The pestivirus E'S—E1 polyprotein is processed slowly by an unknown 
protease, most likely signal peptidase.®°’°* In the NS region, the NS2 cysteine autoprotease 
cleaves the NS2/3 junction in a regulated manner,*®° while the NS3-4A serine protease 


cleaves the NS3/4A, NS4A/4B, NS4B/5A, and NSSA/5B junctions.°9'97789 As will be 
discussed, the viral serine protease activity is reduced during late times of infection with ncp 
pestiviruses, leading to accumulation of uncleaved NS4A-B, NS4B-5A, and NS5A-B.!79-47 
Genetic analysis suggest that NS4A-B is not essential for BVDV replication in cell 
culture.*°4 


NPY° Autoprotease 


NP’? is a bifunctional protein. The N-terminal region forms a cysteine protease with a unique 
fold and catalytic mechanism (dyad active site residues H49 and C69), classified as its own 
cysteine protease clade.20430.867,976,1036 This protease cleaves only once, at the NP!°/C 
junction, as the C-terminal peptide of NP’° remains tightly integrated in the protease structure 
once cleavage occurs (Fig. 7.20A).°°°19° Upstream of the substrate peptide is a Zn?*- 
binding TRASH domain, which binds to IRF3 and targets this immunoregulator for 
polyubiquitylation and proteasomal degradation, thereby inhibiting innate antiviral 
responses,°%60:156,305,360,789,791 The mechanism by which NP targets IRF3 for 
polyubiquitylation, including the identity of the relevant E3 ligase, remains obscure. Other 
cellular NP'°-binding partners include IRF7 and IkBa, two immune transcription regulators; 
S100A9, a Ca?*- and Zn**-binding immunomodulator; HAX1, a regulator of cortical actin 
and apoptosis; PCBP1, a single-stranded poly(rC)—binding protein; and uS10, a 40S 
ribosomal protein involved in translational quality control.'942!4264390506.570 NyPrO is 
dispensable for replication in cell culture but is required for pestivirus pathogenesis in vivo; 
as such, N° deletion mutants have been tested as live vaccines.©009!9 
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FIGURE 7.20 Pestivirus NP'° and structural proteins. A: Structure of HoBiPeV 


NPY° is shown, including the cysteine protease and TRASH domains. The 
molecule is in the postcleavage form, with the C-terminal residue, Cys 168 at the 
tip of the substrate peptide, and disulfide bonded to the catalytic Cys 69 residue. 
Catalytic moieties His 49 and H9O are shown, as is an anion-binding pocket, 


postulated to bind an unknown ligand in vivo. Rendered from PDB 3ZFO.!9°® 


B: Structure of the BVDV1 E™® ectodomain is shown, including two uridine 
monophosphates (UMPs) as RNA-like substrates within the N1- and N2-binding 
pockets. Disulfides and N-linked glycans are labeled in yellow and _ black, 
respectively. Rendered from PDB 4DW4.*°" C: Structure of the BVDV1 E2 
glycoprotein, which forms tail—tail disulfide-linked dimers. Domains I, II, and III 
are labeled; disulfides and N-linked glycans are labeled in yellow and black, 


respectively. Rendered from PDB AILD.°!4 


Pestivirus Structural Proteins 


The capsid (C) protein (~14 kDa) is a positively charged, natively unfolded protein that binds 
RNA with low affinity and specificity.2°*°°° Remarkably, C protein can tolerate deletions, 


duplications, and insertions; for one of these mutants, profound defects in virus assembly 
were suppressed by a second-site mutation in the NS3 helicase domain.’©”” 


E™S’ (44—48 kDa) is an unusual viral glycoprotein that forms disulfide-linked homodimers 
and is highly glycosylated on seven to nine Asn residues.?!! E™S peripherally associates with 
membranes via a C-terminal amphipathic helix!?°!9°° and is also secreted in soluble form 
from infected cells.’?*°©° The most surprising feature of E'S is that it encodes ribonuclease 
activity with a RNase T2-like fold and specificity for uridine residues (Fig. 7.20B).°4°4°08!9 
This RNase activity serves to inhibit host innate antiviral responses.?’*°%* Viruses containing 
mutations in the E™S catalytic active site are attenuated in vivo,°*+°** and antibodies that 
inhibit RNA cleavage tend to neutralize virus infectivity.?’4 RNase activity does not require 
disulfide linkage of E™’ homodimers at C171, yet mutation of this residue gives rise to 
mutant viruses that are less virulent in vivo, suggesting that dimer formation contributes 
additional determinant(s) of pathogenesis.°°”°’4 E'S binds to cell-surface-expressed GAGs 
and may translocate across cellular membrane via its C-terminal amphipathic helix*’® or be 
taken up by clathrin-mediated endocytosis.!°4* A key in vivo target of E™S’ may be 
plasmacytoid dendritic cells, which abundantly produce type I interferons in response to 
CSFV-infected cells; this response is largely inhibited by E™’.74° 


E1 (25-33 kDa) and E2 (53-55 kDa) are integral membrane glycoproteins that form 
disulfide-linked heterodimers and E2 homodimers.?!!°°! Heterodimer formation is essential 
for viral entry and involves charge interactions within the E1 and E2 transmembrane 
domains.’°48 E1 folds slowly and is poorly immunogenic, while E2 is immunodominant 
and has a well-defined structure. Surprisingly, E2 has a linear domain topology and forms 
tail-to-tail disulfide-linked homodimers that project out from the virus surface like opposing 
crane booms (Fig. 7.20C).*°*-°!* E2 lacks structural similarity to known fusion proteins and 
does not encode recognizable fusion peptides. Thus, E2 may only be involved in receptor 
binding, while E1 is the likely fusion protein. Indeed, E1 does contain two putative fusion 
peptides, although it is hard to reconcile the small size of this protein with known fusion 
protein mechanisms.?*° 


Pestivirus Nonstructural Proteins 


Pestiviruses encode a small p7 protein that is essentially a hairpin of two transmembrane 
domains flanking a central charged peptide. Similar to the HCV p7 protein, pestivirus p7 is 
dispensable for RNA replication®’ but required for the production of infectious virus 
particles*°°°!” and appears to function as a viroporin with ion channel activity.29°4/9, 48°, 
481,568 

The NS2 protein (~54 kDa) is a polytopic membrane protein with a C-terminal, cytosolic 
cysteine protease domain that is responsible for cleaving the NS2-3 precursor (~125 
kDa).*©44°° This cleavage is temporally regulated in ncp pestiviruses, leading to 
accumulation of uncleaved NS2-3 late in infection. Uncleaved NS2-3 has reduced NS3-4A 


serine protease activity and is incapable of supporting RNA replication but is important for 
virus assembly.*°?46>5°° Remarkably, NS2 cysteine protease activity requires stable 
interaction with a cellular HSP40-family chaperone, DNAJC14 (originally identified as Jiv 
for J-domain protein interacting with viral protein), which is required for the replication of all 
pestiviruses examined to date.°”9-+°4 

As for other members of this virus family, the NS3 protein (~80 kDa) encodes an N- 
terminal chymotrypsin-like serine protease domain and a C-terminal NTPase/RNA helicase 
domain (Fig. 7.7).2°+°’” The NS3 serine protease requires NS4A as a cofactor?®’; cleaves 
between leucine and small uncharged amino acids, L!(S/A/N)*?!98°; and is essential for 
virus viability.?°° Surprisingly, the protease retains activity when threonine is substituted for 
the serine nucleophile.®?! As for other members of the family, the pestivirus serine protease is 
also capable of internal autoproteolysis at one or two sites within NS3.*”4 Interestingly, one 
of these cleavages releases a functional NS3-4A protease domain and a soluble helicase 
domain with unknown functions. 

The pestivirus NS4A protein (~10 kDa) is functionally similar to the HCV NS4A protein, 
despite lack of sequence conservation. It has an N-terminal membrane anchor and an internal 
peptide that intercalates with the serine protease fold and is an essential cofactor for the NS3 
serine protease activity.*7?°9*9°9 NS4A also has an important but previously uncharacterized 
role in virus assembly.*72°!”-%°® Interestingly, structures of full-length CSFV NS3-4A reveal 
additional configurations between the serine protease and helicase domains previously not 
seen with other members of the family, as well as a molecular mechanism whereby 
interaction of the NS4A C-terminal peptide with the NS3 serine protease domain acts as a 


switch between RNA replication and virus assembly.**° 


NS4B (~38 kDa) is a polytopic membrane protein that associates with RNA replication 
complexes.°°° Like HCV, pestivirus NS4B proteins also encode an NTPase activity of 
unknown function.??° 

Similar to HCV NSSA, the pestivirus NS5A (~58 kDa) is a phosphoprotein that contains 
an N-terminal amphipathic helix mediating peripheral membrane association, a structured 
Zn**-binding domain, and two downstream domains separated by LCSs.1!!1378:80,902 Also 
similar to HCV NSSA, pestivirus NSSA is tolerant of insertions and deletions in its second 
domain; insertion of a mCherry fluorescent protein demonstrated that pestivirus NS5A, like 
HCV NSSA, is trafficked to LDs.°”° Furthermore, NS5A is phosphorylated by serine— 
threonine kinase(s) similar to the enzymes that phosphorylate flavivirus NS5 and hepacivirus 
NS5A.”° Genetic analysis revealed that defects in the NS5A gene can be efficiently 
complemented in trans, whereas mutations in other pestivirus NS genes were not.”° NS5A 
may also serve to antagonize GBP1, an interferon-induced GTPase that inhibits CSFV and 
other viruses.°!° 

NSSB (~75 kDa) is the key driver of pestivirus RNA replication, the RdRP. In vitro, 
recombinant NSSB has been shown to extend template-primed RNA into double-stranded 


copy-back products®’*°%! or to catalyze de novo initiation from short, synthetic RNA or 


DNA templates, depending on the presence of sufficiently high GTP levels.4°°4°? BVDV1 
and CSFV NSSB are structurally similar to HCV NS5B, containing a canonical palm 
subdomain surrounded by finger and thumb subdomains but with some key differences (Fig. 
7.8),'©9.161,513 Notably, pestiviruses have a conserved, N-terminal approximately 90-aa 
extension not found in hepacivirus NS5B; structurally, this region has been captured in three 
different conformations interacting with the outer surface of the polymerase core. The 
function of the N-terminal domain is not clear; however, mutations or deletion of the N- 
terminal domain strongly impacts RNA synthesis, suggesting that it may regulate RdRp 
activity through allosteric mechanisms.°!° 


RNA Replication 


Pestivirus RNA replication requires NS3 through NS5SB and is associated with cytosolic 
membranes, albeit without the profound membrane rearrangements described for flaviviruses 
or hepaciviruses.°*°!© Synthesis of new viral positive- and negative-strand RNAs is first 
detected between 4 and 6 hours of infection; at later times, viral RNAs are found in double- 
stranded RFs and partially duplex RIs, consistent with the asymmetric synthesis of excess 
positive-strand over negative-strand RNAs.29°.299,916.956 


The study of ncp and cpBVDV1 has provided key insights into the mechanisms of 
pestivirus RNA replication and virus assembly. A critical discovery was that ncp and 
cpBVDV1 isolates temporally differ in their expression of NS2-3, NS2, and NS3.*° As 
mentioned above, uncleaved NS2-3 functions in virus assembly but not in RNA replication, 
and NS2-3 cleavage requires the cellular chaperone DNAJC14 to activate the latent cysteine 
protease within NS2. Thus, early in infection, when DNAJC14 is abundant, the NS2 protease 
is activated, leading to autocleavage of NS2-3, release of NS3, and enabling RNA 
replication. However, as DNAJC14 levels become rate limiting at later times, NS2-3 
cleavage is greatly reduced, switching the life cycle of ncpBVDV1 from RNA replication to 
virus assembly.°”? cpBVDV viruses are able to promote continuous NS2-3 cleavage, despite 
limited DNAJC14 levels, through a variety of genetic rearrangements, as described below. 


A second way that the study of cp versus ncp viruses has contributed to our 
understanding of pestivirus RNA replication is in RNA recombination. As will be discussed 
shortly, many cpBVDV have genetic insertions or rearrangements that must have arisen 
through RNA recombination, which led some groups to examine the molecular basis for 
these presumably rare but profoundly impactful events. One likely driver of RNA 
recombination is a copy-choice mechanism,**’ whereby an RdRP switches templates during 
minus-strand synthesis to produce chimeric transcripts that are consistent with the coding 
orientation of cellular inserts found in cpBVDV1 genomes. There is also evidence for the 
existence of one or more alternative mechanisms of RNA recombination that are independent 
of RNA synthesis. Namely, cotransfection of two BVDV1 transcripts, each lacking a 
different essential part of the genome, gave rise to viable viruses with signs of homologous 


and nonhomologous recombination.*°*7®°**9 Subsequent analysis of recombinants, and the 
factors influencing their biogenesis, suggested that this nonreplicative mechanism likely 
occurs via endoribonuclease activity and end-to-end ligation, presumably by cellular 


enzymes.°° 


Assembly and Release of Virus Particles 


Pestivirus particles bud into the ER and transit through the secretory pathway.®*7!48!6 


Consistent with this, pestivirus envelope glycoproteins are retained within the secretory 
pathway,!>-°°* and the secretion of virus particles, but not their assembly, is inhibited by 
brefeldin A, an inhibitor of ER-Golgi transport.°!>°°* As the lipid content of purified virus 
particles greatly differ from the composition of the ER membrane, it appears that BVDV1 
particles acquire additional lipids during their maturation.'°* Virus particles are sometimes 
observed in multivesicular bodies, suggesting that they may traffic through an endosomal 
compartment during their secretion.®'!© Once released, it appears that BVDV1 is 
preferentially transmitted via cell-to-cell transmission, at least in cell culture.°!” 


The assembly of pestivirus particles depends on several NS proteins, including uncleaved 
NS2-3, which accumulates during late times of infection. Indeed, chimeric BVDV1 genomes 
incapable of producing NS2-3 were found to be blocked in virus assembly***; further, genetic 
dissection of the chimeras identified additional determinants in the NS2 cysteine protease 
domain and NS3 serine protease domain that allowed BVDV1 growth in the absence of 
uncleaved NS2-3.4%! Intriguingly, this region of the serine protease interacts with the C- 
terminus of NS4A in crystal structures of full-length NS3-4A, and mutations that disrupt or 
stabilize this interaction switch between RNA replication and virus assembly.?° 


Pathogenesis of Mucosal Disease and the Generation of cp 
Pestiviruses 


BVDV- and BDV-associated MD, which is universally lethal, has a fascinating etiology. MD 
arises only after in utero infection with ncp viruses between 40 and 125 days of gestation, 
leading to birth of immunotolerant calves or lambs that remain persistently infected for life. 
By the time MD symptoms appear, usually between 6 and 24 months of age, both cp and ncp 
viral biotypes can be isolated; this can reflect superinfection of ncp-infected dams with a cp 
virus. !9°-502,894 However, most cp strains arise de novo, generated via RNA recombination 
from the coinfecting parental ncp strain; only rarely do cp strains lack obvious genome 
rearrangements.’°+°%4 These rearrangements lead to increased NS3 expression independent 
of cellular DNAJ14 expression, enhanced RNA replication, and cytopathic effects in cell 
culture. 


Some of the remarkable genetic rearrangements discovered in cpBVDV are illustrated in 
Figure 7.21. Most cpBVDV genome rearrangements lead to increased NS3 production and 
enhanced RNA replication. For instance, the cpBVDV1 strain NADL contains an in-frame 


fragment of the cellular DNAJC14 gene (aka Jiv) inserted within NS2 (Fig. 7.21B).°!*7”* As 
described above, DNAJC14 is essential for proper folding and activation of the NS2 cysteine 
protease, and overexpression of a critical 90-aa DNAJC14 subdomain enhances NS2-3 
cleavage, regardless whether the fragment is provided in cis or in trans.*°° Surprisingly, the 
cpBVDV1 strain CP7 contains an even smaller insertion in NS2, a 27-nt out-of-frame 
duplication from an upstream region of NS2, which also leads to increased NS2-3 processing 
and the ncp phenotype (Fig. 7.21C).°*°89 Several other virus- or cell-derived insertions at or 
close to the same site in NS2 have been described for other cpBVDV1 isolates.*° Given these 
observations, it is tempting to speculate that mutations in the NS2 gene of an ancient, NS2/3- 
cleaving cp pestivirus may have given rise to a ncp virus that became dependent on 
DNAJC14 but gained ecological fitness through reduced cytopathic effects and persistence. 
According to this model, insertions in NS2 may cause reversion of ncp viruses back to the cp 
biotype. Indeed, some cpBVDV isolates, such as BVDV 1 strain Oregon, lack insertions or 
other genome arrangements yet retain NS2-3 autoprotease activity.*°? Thus, perhaps this 
strain cleaves NS2/3 like the putative ancestral cpBVDV isolate, without the need for 
insertions. 
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FIGURE 7.21 Pestivirus genome rearrangements associated with cp viruses. A: 
The polyprotein of a typical ncp pestivirus, for reference. B: The genome of 
cpBVDV1 strain NADL, showing the Jiv insertion within NS2. C: The genome 
of cpBVDV1 strain CP7, showing the nine-codon insertion within NS2. D: The 
genome of cpBVDVI1 strain Osloss, showing insertion of the cellular ubiquitin 
(Ubi) gene at the 3’ end of NS2. E: The genome of cpBVDV1 strain CP1, 
showing the insertion of the cellular ubiquitin gene at the 3’ end of NS4A and 
duplication of the NS3-4A region. F: The genome organization of numerous 


cpBVDV isolates, similar to CP1, that have duplications in the NS3-4B region 
and insertion of ubiquitin or ubiquitin-like genes. G: The genome of cpBVDV1 
strain Pe515CP, showing duplication of the NS3 gene, preceded by duplication 


of the NP’° gene. H: The genome of cpBVDV1 strain CP9, a naturally occurring 
DI genome that lacks the core-NS2 genes. I: The genome organization of 


numerous cpCSF'V isolates, naturally occurring DI genomes that lack the NP!O— 
NS2 genes. As discussed in the text, these rearrangements increase NS3 
expression relative to NS2-3 expression. 


Another common rearrangement is the insertion of cellular ubiquitin (Ubi) or Ubi-like genes 
immediately upstream of NS3 (Fig. 7.21D), leading to NS2/3 cleavage by ubiquitin C- 
terminal hydrolase or related enzymes (e.g., BVDV1 strain Osloss).°*”°°4 For some viruses, 
like BVDV1 strain CP1, Ubi insertion is also accompanied by duplication in the NS3-4A 
region (Fig. 7.21E) or other genome rearrangements (Fig. 7.21F).°*® These duplications give 
rise to viruses encoding an intact NS2-3 region for virion morphogenesis and an NS3—NS5B 
cassette for efficient RNA replication. 


In yet another recurring configuration, cp pestivirus genomes contain the NP!° 
autoprotease immediately upstream of NS3. For instance, N?'° is duplicated together with the 
NS3 and NS4A genes in BVDV1 strain Pe515CP (Fig. 7.21G).°*® Other isolates, such as 
cpBVDV1 strain CP9, contain a precise deletion of the C-NS2 coding region, resulting in the 
in-frame fusion of NP and NS3 (Fig. 7.21H).°°° These subgenomic DI RNAs are naturally 
occurring replicons, capable of autonomous RNA replication but requiring ncpBVDV helper 
viruses to provide packaging functions in trans.® Similarly, some cpCSFV subgenomic 
RNAs lack the entire coding sequence upstream of NS3 (Fig. 7.211).°° 


The genome rearrangements in cp pestivirus genomes lead to increased NS3 expression, 
independence from cellular DNAJ14 expression, enhanced RNA replication, and cytopathic 
effects in cell culture. Efforts have been made to dissect these phenotypes and reveal the 
basis of viral cytopathic effects. For instance, a point mutation in NS2 confers a temperature- 
sensitive cp phenotype to the cpBVDV1 strain CP7; at higher temperatures, this mutant 
retains high NS3 expression but reduced RNA replication and cytopathic effects.°°? On the 
other hand, a point mutation in NS4B attenuates the cytopathic effect of cpBVDV1 strain 
NADL, which still produces NS3 and viral RNA at comparable levels to the cp parent.’4° 
Similarly, other ncpBVDV strains show changes in NS4B.7°4 Given that NS4B is associated 
with membrane rearrangements,”°’ and that cpBVDV causes ER stress,°?° one hypothesis is 
that the overcommitment of cellular membranes to viral replication may lead to cell death. In 
infected animals, viral cytopathic effects may enhance viral spread but induce widespread 
tissue injury and inflammation. Indeed, animals with MD have increased viral loads, greater 
distribution of viral antigens, and higher infected cell counts than animals persistently 


infected with ncp virus.°?! Another intriguing possibility is that viral tropism might be 
expanded by viral independence from DNAJ14 expression. Thus, enhanced cytopathology, 
increased tropism, and lack of immune control may all contribute to the severe pathogenesis 
observed in MD. 


PERSPECTIVES 


This is an incredible, exciting time to be studying the Flaviviridae. With widespread 
emerging and reemerging human DENV, YFV, JEV, WNV, and ZIKV infections, flaviviruses 
retain their high medical relevance, driving basic research and the development of novel 
vaccine and antiviral strategies. HCV research has come full circle, from humble beginnings 
as a veritable backwater lacking a culturable virus into one of the most well-studied, positive- 
strand RNA viruses and an advanced armamentarium of highly effective DAAs. While these 
successes have largely ended HCV drug discovery efforts, significant challenges remain in 
understanding the structure and function of the virus particle, improving animal models of 


HCV pathogenesis, and developing vaccines that can prevent or cure HCV infection. 
Moreover, the discovery of related hepaciviruses, pegiviruses, as well as segmented 
Jingmenviruses and large flavi-like viruses have raised far more questions than they have 
answered about the ecology, evolution, and molecular biology of this virus family. Some 
overarching questions include: How did the Flaviviridae evolve, particularly in relation to 
other positive-strand RNA virus families? How much diversity is still left to discover within 
this family? And, what threads link all members of this family together? Our field welcomes 
new talent and diverse, innovative approaches as we tackle these and other important 
questions. 
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HISTORY 


Posttransfusion hepatitis that could not be attributed to hepatitis A virus (HAV) or hepatitis B 
virus (HBV) infection was first reported in the mid-1970s.*°*°°-°!9 This disease entity, 
designated non-A, non-B hepatitis (NANBH), was marked by elevated hepatic transaminases 
in recipients of blood products. Transaminase elevations often persisted and were associated 


in many cases with chronic inflammatory liver disease and cirrhosis.*°*°>°! Passage of 
blood components to a variety of Old and New World monkey species failed to replicate the 
transaminase elevation observed in humans. Only a great ape, the common chimpanzee (Pan 
troglodytes), developed NANBH after transfusion with blood that caused hepatitis in human 
recipients.**79~/°* Serial passage of NANBH between chimpanzees provided critical insight 
into the nature of the infectious agent. Physicochemical studies revealed that NANBH was 
caused by a small (80 nm) filterable virus with an envelope that was sensitive to treatment 
with organic solvents.’ 


Well-established approaches used to identify other hepatitis viruses were not effective in 
the search for the NANBH agent*’® Virus particles were not visualized by electron 
microscopy in the liver or serum from patients with NANBH or in cultured primary and 
established hepatocyte cell lines after inoculation with these materials. Moreover, the 
cultured hepatocytes did not develop cytopathic effects or tubular ultrastructural alterations in 
hepatocyte endoplasmic reticulum that were diagnostic of NANBH.*?? Approximately 15 
years after the first description of posttransfusion NANBH, a highly novel approach of blind 
immune screening was used to identify the infectious agent. This strategy, devised by 
Michael Houghton and his colleagues at Chiron Corporation, involved reverse transcription 
of nucleic acids from the liver and serum of infected humans and chimpanzees.!?! 
Recombinant AGT11 phage expression libraries constructed from the cDNA were then 
screened for recognition by radiolabeled IgG antibodies from NANBH patients. Tens of 
millions of AGT11 clones were screened over 2 years before a single positive clone 
designated 5-1-1 was identified.'*!7° This clone, derived from the serum of a chimpanzee 
with a high infectious titer of the NANBH agent, was extrachromosomal (i.e., not of host 
origin) and encoded a polypeptide recognized by antibodies from humans and chimpanzees 
with NANBH but not HAV or HBV infections.'*! Molecular cloning revealed that the newly 
identified hepatitis C virus (HCV) had a positive-strand RNA genome of approximately 
10,000 nucleotides that is transcribed as a single open reading frame.!*! Based on these 
features and organization of structural and nonstructural proteins, HCV was classified as 
member of the Flaviviridae family.'** Serologic assays that incorporated antigen 5-1-1 
derived from HCV nonstructural protein 4 (NS4), and other structural and nonstructural 
antigens identified in the AGT11 library, were rapidly developed.*°°** Seroepidemiology 
revealed that almost all transfusion-related and community-acquired hepatitis was caused by 
HCV.7° 


Discovery of HCV laid the groundwork for development of new direct-acting antivirals 
(DAA) that recently replaced type I interferon-based therapies for chronic hepatitis C. 
Almost all chronic infections, including those that were previously difficult to treat because 
of HCV genotype resistance or comorbidities, can now be cured by 8 to 12 weeks of therapy 
with an all oral, once-a-day DAA regimen (see Treatment). Elimination of HCV by 2030, 40 
years after the discovery of HCV, is now an objective of the World Health Organization (see 
www.who.int/hepatitis/strategies2016-2021/ghss-hep/en) that has gained support from many 
advisory and governmental agencies including the United States National Academy of 


Sciences°*” (see Public Health Measures). 


INFECTIOUS AGENT 


Classification 


HCV is a genetically diverse virus that is classified into seven genotypes with a remarkable 
35% nucleotide divergence between strains belonging to different genotypes. A total of 86 
subtypes that differ in sequence by 25% are also distributed among the 7 genotypes (see 
http://talk.ictvonline.org/links/hcv/hcv-classification.html) (Fig. 8.1).”°! 
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FIGURE 8.1 Phylogenetic tree of representative sequences from the seven 
proposed genotypes of hepatitis C virus (HCV). Full-genome nucleotide 
sequences were aligned and analyzed using a maximum likelihood model with 
estimation of invariant sites and modeling of variable rates using the gamma 
distribution, with bootstrap resampling to confirm support for each genotype 
cluster. Reference isolates H77 (AFO09606) and JFH-1 (AB047639) are 
indicated. Subtypes of genotype 1 (1a, 1b, 1c) are indicated for illustration. 


HCV belongs to the Hepacivirus genus of the Flaviviridae family. The genus has expanded 
in recent years to include hepaciviruses isolated from a diverse array of animals including 
rats, bats, horses, and colobus monkeys.!°’°° Hepaciviruses are now classified into 14 
discrete species (A—M) that vary largely by host range, with HCV genotypes grouped in 
Hepacivirus species C. The wide host range of the hepaciviruses is highlighted by the recent 
discovery of an unclassified, more divergent hepacivirus-like sequence assembled from liver 
tissue of a gracile shark.®! Rodent and equine hepaciviruses that segregate into distinct 
species share only about 50% sequence homology with HCV and can also establish persistent 
infections in their hosts (Fig. 8.2). They have emerged as valuable animal models for the 
study of HCV infection and immunity (see Immune Responses). 
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FIGURE 8.2 Evolutionary relationships and genetic distances between HCV, 
NPHV, GBV-B, rat hepacivirus (RHV), and GBV-C. A total of 629 amino acid 
positions of NS3 protein were aligned and used for comparative phylogenetic 
analysis using MEGA7 (1). The evolutionary history was inferred using the 
neighbor-joining method. The optimal tree with the sum of branch length = 
2.07891938 is shown. The tree is drawn to scale, with branch lengths in the same 
units as those of the evolutionary distances used to infer the phylogenetic tree. 


The evolutionary distances were computed using the p-distance method and are 
in the units of the number of amino acid differences per site. The rate variation 
among sites was modeled with a gamma distribution (shape parameter = 1). The 
analysis involved 12 amino acid sequences. All ambiguous positions were 
removed for each sequence pair. Kindly provided by Dr. Amit Kapoor. 


HCV Particle Morphology 


HCV exists in serum as lipoviral particles (LVPs) with a light buoyant density (<1.055 g/mL) 
and diameter of 60 to 70 nm.'°*°°4 LVPs are formed around HCV core proteins that are in 
close association with the RNA genome of the virus. Ultrastructural studies of cell culture— 
derived LVP revealed that they are the most irregular members of the Flaviviridae family 
from a structural perspective, with spike-like projections and a heterogeneous size 
distribution.!°* They resemble very-low-density lipoproteins (VLDL) in structure and are 
associated with cholesterol esters, triglycerides, and host apolipoproteins, including apoE that 
is required for HCV infectivity.!07149.903.56.492 They can associate with VLDL upon release 
from infected cells to form particle complexes.*%*!9 Low-density particles recovered from 
patients were immunoreactive with antibodies against the HCV E1 and E2 envelope 
glycoproteins that are anchored in the particle membrane.°'! Moreover, LVPs recovered from 
the serum of persistently infected chimpanzees are highly infectious.“ 


The HCV Replication Cycle 


Primary HCV isolates from humans replicate poorly, if at all, in cell culture models. Progress 
in unraveling the HCV replication cycle accelerated with development of viral 
pseudoparticles that display the HCV _ envelope glycoproteins,*”°°° subgenomic 
replicons,°*“*! and more recently viruses from all seven genotypes adapted for efficient 
replication in cell culture.*°4°**79°840 Chapter 7 provides a detailed description of HCV 
entry, replication, assembly, and egress from infected cells. Key features of this process 
relevant to understanding HCV pathogenesis, immunity, and antiviral therapy are discussed 
below. 

Entry of HCV into hepatocytes is mediated by the type I transmembrane E1 and E2 
envelope glycoproteins proteins that are displayed on the surface of infectious virions as a 
cross-linked heterodimer (Fig. 8.3).’°* The initial step in entry is mediated by an interaction 
between apoE in the LVP and the heparan sulfate proteoglycans!49°4 and scavenger 
receptor class B type I (SR-BI) on hepatocytes.!*! Subsequent steps involve E2 binding to 
the CD81°%! and SR-BI°?!°°%° cellular receptors and clathrin-dependent internalization of 
particles into the endosome in a process mediated by two additional entry receptors, the tight 
junction proteins claudin-1!°° and occludin>”® (Fig. 8.3). Internalized HCV particles undergo 
membrane fusion in the acidified environment of the endosome in a process facilitated by the 


E1 envelope glycoprotein, resulting in release of HCV genomes into the hepatocyte 
cytoplasm (Fig. 8.3),166.402,421,580,679,760 
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FIGURE 8.3 Life cycle of hepatitis C virus (HCV). Initial binding and 
internalization (1) probably involve glycosaminoglycans (GAGs) and low- 


density lipoprotein receptor (LDL-R), which may interact with viral envelope 
proteins or with virion-associated lipoproteins. Entry depends directly on binding 
of E2 with the tetraspanin CD81, as well as interactions with scavenger receptor 
BI (SR-BJ) and tight junction proteins claudin-1 and occludin (OCLN). The viral 
genome is released from late endosomes (2) in a pH-dependent manner, followed 
by internal ribosome entry site (IRES)-dependent polyprotein synthesis (3) with 
initial cleavages among the structural proteins mediated by signalase and signal 
peptide peptidase followed by cleavage of the NS2—NS3 junction by NS2—NS3 
cysteine protease; the remaining junctions are cleaved by the NS3—NS4A serine 
protease. NS4B recruits and rearranges endoplasmic reticulum (ER) membranes 
(4) to form a membranous web, the principal site of viral replication. Minus- 
strand and subsequent plus-strand RNA syntheses are affected by the NS5SB 
RNA-dependent RNA polymerase (RdRp) (5) and depend on miR-122 and 
cyclophilin B, as well as conserved structural elements at the 5’ and 3' ends of 
the genome. Core protein associates with lipid droplets (LDs) in the lipoprotein 
assembly pathway (6), linked to NS5SA and other members of the replication 
complex by interaction with NS2. Viroporin p7 is necessary for production of 
stable viral particles coated with E1 and E2, which fold in a cooperative manner 
and are glycosylated in a manner consistent with ER but not Golgi processing. 


Cap-independent translation of the HCV genome occurs on the rough endoplasmic reticulum 
and is directed by a type III internal ribosome entry site (IRES) located in the 5’ 
nontranslated region (NTR) of the viral genome (Fig. 8.4).°°°7°° Activity of the IRES is 
critically dependent on liver-specific microRNA 122 (miR-122) that recruits Argonaute 2 to 
stabilize and protect the HCV genome against the Xrn1 host cell exonuclease activity and to 
shift the balance between translation and transcription of genomes.??!427-467,583.816 The 
product of translation is a single polyprotein of approximately 3,000 amino acids that is co- 
and posttranslationally processed by host and viral proteases. Junctional cleavage between 
the structural core, E1, and E2 proteins is mediated by host cell signal peptidase, while the 
seven nonstructural proteins are released from the polyprotein by viral proteases. HCV- 
encoded proteases include NS2 that mediates cleavage of the NS2—NS3 junction through C- 
terminal cysteine protease activity and NS3 with its membrane-anchoring NS4A cofactor that 
cut at the remaining junctional sites between NS proteins via serine protease activity (Fig. 
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FIGURE 8.4 Map of the hepatitis C virus (HCV) genome. Structure of the 
HCV genome including the 5’ untranslated region (5'UTR), capsid core, 
envelope genes E1 and E2, viroporin p7, membrane-anchored cysteine protease 
NS2, serine protease—helicase NS3, NS3 protease cofactor NS4A, membrane 
remodeling protein NS4B, phosphoprotein NS5SA, RNA-dependent RNA 
polymerase NSSB, and the 3’UTR. Depicted as green bars are recombinant 
protein segments used as antigens in HCV enzyme immune assay (EIA) and 
recombinant immunoblot assay (RIBA). Cleavage of the polyprotein is due to the 
action of host signal peptidase (solid orange), signal peptide peptidase (open 
orange), NS2 cysteine autoprotease (green) and NS3-NS4A serine protease 
(blue). 


Released NS proteins are organized into replicase complexes on a membranous web formed 
from 150-nm double-membrane vesicles (DMV) that are derived from the hepatocyte 
endoplasmic reticulum.°** This structure concentrates cellular and viral factors required for 
replication and may also sequester HCV proteins and genomes from host innate sensors (see 
Innate Immunity). Web formation is directed by the membrane-associated NS4B and NS5A 
proteins.°*°*? NS4B is essential for HCV replication, but its functions are not well 
understood. It induces host cell membrane alterations!’* and may be involved in recruitment 
of autophagic factors into the membranous web.!%?.29.699.737 NSSA, a phosphoprotein, 
serves several functions including binding of HCV RNA genomes,*!®°! regulation of the 
NS5B polymerase,°“+°%® and recruitment of multiple host proteins including cyclophilin 
A1!2,450 and phosphatidylinositol 4-kinase Ila (PI4P)°° that are required for HCV 
replication. The NSSB RNA-dependent RNA polymerase (RdRp) directs synthesis of 
negative-stranded RNA templates and new positive-stranded RNA genomes within the 
replicase complex where required NS3-mediated RNA helicase and NTPase functions are 
localized. 


Virion assembly occurs near replication complexes at sites that are in close proximity to 
lipid droplets (Fig. 8.3).!9'°!! This complex process involving multiple NS proteins (p7, 
NS2, NS4B, NS5A) is still poorly understood, in part because it is tightly linked to liver lipid 
metabolism that may not be fully recapitulated in cell culture models. The p7 and NS2 
proteins are thought to be enriched at cytosolic sites where they coordinate assembly of the 


core, El and E2 structural proteins.’71°0-328,449,600,711,830 NSSA has a key role in the 
transition from replication to assembly, in part by chaperoning newly synthesized RNA 
genomes to the assembly sites.’*°°° Components of the cellular VLDL lipoprotein assembly 
pathway, including microsomal transfer protein,?’? apoB,*°° and DGAT1,°’ are thought to 
be usurped for formation and possibly release of HCV particles. As noted above, apoE is an 
essential component of HCV particles and contributes to particle maturation, release, and 
infectivity.4‘' LVP maturation occurs during transit through the secretory pathway that is 
regulated by the ESCRT system??,!°!7°7 and continues at a post-egress step.2?”7 HCV 
particles may also be released from cells in exosomes as part of the autophagy response to 
infection.°°°7°” The function of HCV proteins and membranous structures in regulation or 
evasion of the innate immune response and development of antiviral inhibitors targeting the 
NS3/4A protease, NSSA replicase factor, and NSSB RdRp are described later in this chapter. 


Genetic Diversity and Evolution 


HCV replication within an infected host results in a mixture of highly diverse variants that 
are genetically distinct.°°*°? This swarm, called a quasispecies, is generated by low-fidelity 
transcription of the HCV genome by the NS5B RdRp that lacks a proofreading mechanism. 
The estimated error rate is approximately 2 x 10~° substitutions per nucleotide and round of 
replication of the 10-kB genome.**°?” With daily production of about 10! virions,°*” each 
progeny genome is likely unique, and every possible combination of two mutations is 
generated within an infected individual every day. The HCV replication strategy is therefore 
highly adapted for rapid evasion of selection pressure exerted by immune responses and 
antiviral drugs (see Immune Responses and Treatment). Analysis of quasispecies evolution 
during the acute phase of infection revealed two sequential population bottlenecks. The first 
occurred upon transmission of HCV from a donor to recipient.®°-”"° Infection is initiated by a 
very small number of HCV genomes, with an estimated median of four founder genomes in a 
study of 17 acutely infected humans.*** Single-genome sequencing revealed that HCV 
diversifies rapidly by a model of simple random evolution during the early phase of acute 
infection.***° A second bottleneck several weeks later coincides with the onset of adaptive 
immune responses (see Immunity).®° Envelope glycoproteins diversify more rapidly than do 
other regions of the genome,*”® reflecting selection pressure from neutralizing antibodies. 
Within nonstructural proteins, the rate of nonsynonymous mutation is higher within class I 
restricted epitopes targeted by CD8+ T cells when compared with flanking nontargeted 
sequences.”* Diversification of the nonstructural proteins slows with the transition to chronic 
infection,?*7°°.987 which is thought to reflect functional exhaustion of the T-cell response. 
Other forces shaping the HCV genome during infection include emergence of compensatory 
mutations to restore fitness°“8-°*© and reversion of nontargeted sequences to a subtype 
consensus sequence considered more fit for replication.°°”°°* A transmission bottleneck has 
also been identified after vertical transmission of HCV from mother to child.*°° The second 
immune-related bottleneck does occur, but is delayed until about 1 year postinfection when 


maternal antibodies decline. This timing of diversification is consistent with delayed onset of 
adaptive immunity to HCV in very young children.7°° Additional detail on HCV mutational 
escape from immune responses and antiviral drugs is provided in Immune Responses and 
Treatment sections. 


PATHOGENESIS AND PATHOLOGY 


Spread 


The mode of spread of HCV throughout the liver is poorly understood. Only 10% to 20% of 
hepatocytes harbor HCV genomes in the chronic phase of infection despite high replication 
and viremia.*°°.7!4808 The infection status of single hepatocytes within liver specimens from 
chronically infected patients has been assessed using laser capture microdissection.°*° 
Creation of a viral infection landscape by assessing the intracellular HCV RNA content of 
adjacent individual cells revealed that infected hepatocytes occur in small clusters of 4 to 50 


cells.°°° Moreover, the HCV RNA content in a cluster formed a gradient, from the 
presumptive founder hepatocyte to cells at the periphery.*?’ Mathematical modeling 
suggested that hepatocytes within the cluster were infected for about 5 days.*°” Clustering is 
consistent with a model of random hepatocyte seeding from blood followed by local spread 
that could occur by cell-free or direct cell-to-cell mechanisms. Cell-to-cell spread of HCV 
infection has been documented in cell culture models”?*!! and may involve cellular 
receptors that partially overlap with those required for cell-free spread.!°* Why infection is 
restricted to small hepatocyte clusters is not known. Localized cell-to-cell spread of HCV 
may be favored as it provides protection from neutralizing antibodies in cell culture 
models.’”’°? Infection also triggers a strong interferon-stimulated gene response that could 
render neighboring cells resistant to infection (see Innate Immunity), although there is as yet 
no direct evidence to support this possibility. 


Entry into the Host 


As discussed in the Transmission section later (under Epidemiology), the primary route of 
HCV entry is percutaneous, although permucosal infection has also been described. 
Experimentally, HCV infection can be achieved by intravenous injection of HCV virions or 
intrahepatic injection of HCV genomic RNA.°/18!8 


Cell and Tissue Tropism 


HCV replication occurs primarily or exclusively in hepatocytes, the major parenchymal cell 
of the liver. The basis for this tropism is likely to be multifactorial. Entry receptors may be a 
key restriction factor. SR-BI, as an example, is preferentially expressed at high levels on 
hepatocytes.°°°°° Expression of other entry receptors such as CD81,°%! claudin-I,!°° 


occludin,°’° and cyclophilins!!*4°° is not restricted to hepatocytes. Nonetheless, multiple 


receptors may be uniquely situated or patterned within subcellular spaces of the liver to 
support the dynamic, multistep entry process utilized by HCV. Dependence on liver-specific 
miR-122 for efficient replication of the HCV genome,*°”**! and utilization of the lipoprotein 
assembly pathway for virion production, may also contribute to hepatotropism of HCV.°”" 
Productive infection of cell types other than hepatocytes is controversial. HCV negative- 
strand replicative intermediates have been detected in cells of hematopoietic origin,!0%4!78?! 
and compartmentalization of sequence variants has been described.°4%.°°* Apparent 


replication of HCV in cultured B and T cells has been described.°?’*° Viral dynamic 
modeling of data from the anhepatic phase of liver transplantation suggested that in a subset 
of patients with end-stage liver disease, an extrahepatic compartment exists that contributes 


no more than 3% to 4% of plasma viremia. '°9°! 


Immune Response 


Innate Immune Responses 


Acute HCV infection induces potent innate immune defenses, including inflammasome 
activation,!!° expression of interferon-stimulated genes (ISG),!**-°°! and expansion of natural 
killer (NK) cells. These responses are often persistent into the chronic phase of infection, 
indicating that HCV can deploy a multilayered defense that ensures ongoing viral replication 
in hepatocytes. 


Inflammasome activation 


Acute hepatitis C is characterized by elevated serum titers of IL-1f6 and IL-18, 
proinflammatory cytokines that are a product of inflammasome activation.'')°4+°! Cell 
culture models have demonstrated that the inflammasome response in macrophages and 
monocytes is triggered by direct binding of HCV to the toll-like receptor 7 (TLR7) innate 
sensor located in the endosome of these mononuclear cells. Inflammasome activation in this 
model was independent of virus replication!!®°** and the IFN-driven ISG response.!!? 
Activation of proinflammatory mediators like CXCL10 via an interferon-independent 
mechanisms involving NF-«B has also been described.’’ This process may also contribute to 
progressive liver injury, as macrophages exposed to HCV also activate inflammasome and 
fibrosis markers in cocultured stellate cells through a mechanism involving the chemokine 
CCLS." 


Interferon-stimulated gene responses 


ISG responses are initiated when cellular sensors bind HCV RNA in the form of double- 


stranded structures and replicative intermediates.!**°°! Activation of toll-like receptor 3 
(TLR3) sensors located in the endosome, or the retinoic acid—inducible gene-1 (RIG-I) and 


melanoma differentiation antigen 5 (MDA-5) sensors located in the cytosol,!*?78+472 results 


in a signaling cascade to the nucleus and expression of type I (IFN-a and IFN-f) and type III 
(IFN-A1, IFN-A2, IFN-A3, and IFN-A4) interferons that drive ISG gene expression?°442766! 
(Fig. 8.5). 
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FIGURE 8.5 Interferon responses to hepatitis C virus (HCV) and their 
evasion by the virus. (A) Cytoplasmic HCV RNA genomes can be sensed by 
RIG-I and MDA-5 (1), resulting in signaling through mitochondrial antiviral 
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signaling protein (MAVS) and subsequent nuclear translocation of nuclear factor 
(NF)-xB and phosphorylated IRF3 that activate an antiviral program. Signaling 
through this pathway can induce expression of type I (IFN-a and IFN-f) and type 
II (IFN-A1, IFN-A2, IFN-A3, and IFN-A4) interferons (IFN), but only the latter 
are detected in HCV-infected hepatocytes. HCV NS3-NS4A protease cleaves 
MAVS to block downstream signaling. (2) HCV RNA genomes are sequestered 
from RIG-I and MDA-5 detection in exosomes, vesicles generated by autophagy 
or the membranous web where HCV replicates. (3) HCV RNA may be sensed in 
endosomes by toll-like receptor 3 (TLR3), which signals via the adapter 
molecule TIR domain—containing adapter-inducing interferon-6 (TRIF), resulting 
in nuclear translocation of NF-KB and IFN gene expression; the NS3-NS4A 
protease cleaves TRIF, interfering with this response. Ectopic expression of HCV 
proteins in cultured cells can inhibit the (4) JAK-STAT pathway that transduces 
signals from IFN type I and III receptors to the nucleus for interferon-stimulated 
gene (ISG) expression and (5) antiviral activity of induced ISG including protein 
kinase R (PKR) and 2',5’-oligoadenylate synthetase (2,5-OAS). HCV RNA in 
infected hepatocytes activates PKR, impairing cap-dependent translation of 
antiviral ISG but not IRES-mediated translation of the HCV genome (6). (B) 
IFN-A4 induced in individuals with the JFNL4 rs386234815-AG polymorphism 
stimulates a robust and sustained antiviral ISG response including ubiquitin- 
specific protease 18 (USP18) that impairs JAK-STAT signaling through the type 
I IFN heterodimeric (IFNARI/IFNAR2) receptor but not the type III 
(IFNLR1/IL10R2) receptor. Further details and additional innate responses and 
evasive mechanisms are described in the text. 
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Type III IFN gene expression is dominant in the liver during acute and chronic 
HCV infection, and in HCV-infected cultured hepatocytes,?!*46°°79.>> indicating that IFN-A 
proteins are the major driver of hepatic ISG activity. Plasmacytoid and myeloid dendritic 
cells cocultured with HCV-infected hepatocytes produce type I'°*”°? and III’!>®*7,8°7 TEN, 
but their contribution to ISG induction in the infected liver remains to be determined. Several 
hundred hepatic ISG are up-regulated, some more than 100-fold, within hours or days of 
HCV infection (Fig. 8.6).7°*4*? ISG expression increases sharply in liver and peripheral 
blood mononuclear cells in parallel with viremia during acute infection.°*”! The response 
normalizes after several weeks in spontaneously resolving infections,°*? with a transition to 
an IFN-y gene signature that marks the onset of adaptive immune responses.°?8°?:°.719,748 
Hepatic ISG activity is sustained through the chronic phase of infection in humans?*!!*° 
and chimpanzees>”’!? and provides no apparent control of persistent HCV replication (Fig. 


8.6). Intensity of hepatic ISG activity is variable between chronically infected 
individuals.27°%-!13.556719 High-level ISG expression predicts a poor response to treatment 
with pegIFN/riba as detailed below. /!2.20%.294,656 
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FIGURE 8.6 Profile of HCV replication, liver disease, and immune 
responses. A: Spontaneous resolution of infection. HCV viremia (1) and 
elevated hepatic interferon-stimulated gene (ISG) activity (2) are observed within 
days of infection. The ISG response closely tracks viremia and normalizes with 
termination of virus replication. A sharp decline in viremia is typically observed 
after approximately 8 to 12 weeks of infection and is coincident with elevation of 
serum aminotransferases and signs and symptoms of hepatitis (3). CD4+ 
(dashed) and CD8+ (solid) T-cell (4) and neutralizing antibody responses (5) are 
also observed in this time frame. Time to resolution of infection is variable; low, 
oscillating level viremia can be detected for about 1 year in some cases. ISG 
expression normalizes after resolution of infection, and adaptive immune 
responses decline but are rapidly recalled upon reexposure to the virus (6). B: 
Persistent infection. Viremia (1) typically declines after 8 to 12 weeks of 
infection, but can remain high with no apparent control in some acute persisting 
infections (not depicted). Partial control of HCV replication for several months is 


not uncommon, but high (10° to 10” RNA genomes/mL serum) stable viremia is 
characteristic of chronic infection. Hepatic ISG activity remains persistently high 
in individuals carrying the unfavorable (AG) (2, bottom bar) versus favorable 
(TT) (2, top bar) IFNL4 polymorphism rs368234815 (2). Signs and symptoms of 
chronic liver disease are typically evident after years to decades of infection (3). 
T-cell responses fail before resolution of infection (4); CD4+ T cells (dashed 
line) lose function and disappear from circulation, and CD8+ T cells gradually 
exhaust, losing effector functions. Neutralizing antibody responses are delayed 
when compared with resolving infections but persist at high titer through chronic 
infection (5). 


Type III IFN polymorphisms 


Polymorphisms in the IFNL gene locus determine the strength of the ISG response in the 
HCV-infected liver. JFNL haplotype and ISG activity are in turn associated with the outcome 
of acute HCV infection and treatment of chronic hepatitis C with pegIFN/riba.°°* More 
recent studies demonstrated that viral decay kinetics and risk of relapse in DAA-treated 
patients are also associated with IFNL genotype*®>°°? (see Treatment section). Two 
polymorphisms located in JFNL4 are important from a functional perspective (Fig. 8.7). A 
compound dinucleotide polymorphism, rs368234815-AG or rs368234815-AG-TT, located in 
exon 1 of IFNLA4, is determinative of gene expression.°!* Frameshifting of the IFNL4 gene 
caused by the TT variant results in premature termination and non—sense-mediated RNA 
decay, while rs368234815-AG encodes a full-length 179—amino acid IFN-A4 protein (Fig. 


8.7).°'* Spontaneous clearance of acute HCV infection is much more likely in individuals 
who carry the loss of function rs368234815-TT allele when compared with those who carry a 
functional AG allele encoding IFN-A4.'°°!* Hepatic ISG activity is higher in chronically 
infected patients who carry a rs368234815-AG allele, and the response to pegIFN/riba 
therapy is poor.7?*?’7’”* The favorable TT allele is much less common in individuals of 
African versus European or Asian ancestry, providing an explanation for racial disparities in 
the response to pegIFN/riba therapy.°!* The second polymorphism, rs117648444 located in 
exon 2 of the functional IFNL4 (rs368234815-AG) gene, encodes serine (S) or proline (G) at 
amino acid 70 of IFN-A4.°!* The IFN-A4-S70 (rs117648444-A) variant elicits an inferior ISG 
response in cultured cells when compared with IFN-A4-P70, perhaps because of reduced 


protein stability.’“4 
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FIGURE 8.7 Influence of type III interferon on HCV infection outcome and 
treatment. A: Genomic organization and polymorphisms in the type III 
interferon locus located on human chromosome 19q13. Four genes (JFNL1, 
IFNL2, IFNL3, and IFNL4) express IFN-A proteins in the indicated orientation. 
Polymorphisms associated with HCV infection outcome and treatment response 
are indicated. Polymorphisms rs8099917 (noncoding, upstream of IFNL4) and 
rs12979860 (noncoding, IFNL4 intron 1) were associated with responsiveness to 


pegIFN/riba treatment??9>727736 and infection outcome®2?:7°4 by GWAS 
analysis. Polymorphisms rs368234815 (coding, IFNL4 exon 1) and rs117648444 


(coding, JFNL4 exon 2) were identified with discovery of the IFNL4 gene,l2 


These polymorphisms are in strong linkage disequilibrium.?°* Polymorphism 
rs4803217 is located in a regulatory domain of the JFNL3 gene. It is in linkage 
disequilibrium with rs12979860, and gene expression may be modulated by 


HCV infection.4/© B:IFNL4 polymorphisms and consequences for gene 
expression and HCV infection and treatment. The JFNL4 exon 1 polymorphism 
(rs368234815; AG/TT) results in expression of a 179—amino acid IFN-A4 protein 
(AG) or a frameshifting loss of function variant (TT dinucleotide) that results in a 
premature stop codon and nonsense-mediated mRNA decay. The polymorphism 
in IFNL4 exon 2 (rs117648444; G/A) determines expression of proline (G) or 
serine (S) at IFN-A4 position 70. The JFNL4 rs368234815:rs117648444 
haplotype AG:G is associated with the highest levels of liver ISG expression and 
the lowest probability of a positive response to pegIFN/riba therapy and 
spontaneous clearance of infection. The AG:A haplotype is associated with 
intermediate ISG expression and treatment response or infection outcome. ISG 
activity is lowest in individuals carrying the rs368234815-TT loss of function 
variant and associated with higher rates of treatment response and spontaneous 
clearance of infection. 


Homozygosity for rs117648444-A is associated with lower hepatic ISG levels and an 
intermediate response to pegIFN/riba therapy (Fig. 8.7).”“* Additional polymorphisms in the 
IFNL locus associated with a positive treatment response~>”’’*”"’°° and spontaneous clearance 
of HCV infection®**-”°* were identified by genome-wide association studies (GWAS). These 
polymorphisms have less predictive power, and their association with HCV clearance is 
explained by strong linkage disequilibrium (LD) with rs368234815-AG/ rs368234815-TT.°+ 
As an example, one SNP (1s12979860-C or rs12979860-T) identified by GWAS is located in 
intron 1 of IFNL4, and the unfavorable variant (rs12979860-C) is almost always inherited 
with 1s368234815-AG.°'* One additional polymorphism (rs4803217) is located in a 3’ 
untranslated region of IFNL3 (Fig. 8.7).4”° The unfavorable allele is repressed by HCV- 


induced cellular microRNA species that destabilize or decay IFNL3 mRNA.*”° The 
contribution of this mechanism to HCV infection outcome is not yet clear as the 
polymorphism is in strong linkage disequilibrium with rs12979860. 


How expression of IFN-A4 in individuals carrying the unfavorable rs368234815-AG 
allele impairs spontaneous clearance of acute infection and type I IFN-based antiviral therapy 
is not understood. IFN-A4 mRNA is detected in the HCV-infected liver,**!°° although at low 


levels perhaps because of posttranscriptional or posttranslational control of gene 
expression.*°° IFN-A4 binds to the same heterodimeric (IL-10R$/IFNLR1) cellular receptor 
as other IFN-A proteins*”® and elicits a robust ISG response in primary human 
hepatocytes.!9°.59°.47795* Qne notable feature of the ISG response is strong induction of 
negative regulatory factors including ubiquitin-specific protease 18 (USP18). USP18 blocks 
type I IFN signaling through the IFNAR1/IFNAR2 receptor, !9*°°724,72° but has no impact 
on type III IFN signaling through the IL-10RB/IFNLR1 receptor.® Silencing of USP18 
expression in IFN-A4—treated hepatocytes restores type I IFN signaling,!9*7*° suggesting a 
role for negative regulatory mechanisms in the poor responsiveness to pegIFN/riba therapy. 
Consistent with this possibility, USP18 is selectively up-regulated in the liver of chronically 
infected patients with a preactivated ISG response associated with the rs386234815-AG 
haplotype. !!3156.552 


Constitutive ISG activity in the liver of persistently infected patients normalizes with 
initiation of DAA treatment.!7°°°9-79 These observations provide additional evidence that 
strong ISG activity in the chronically infected liver is driven directly by HCV replication. As 
noted above, unfavorable JIFNL haplotypes are associated with a slower early decay in 
viremia during DAA treatment*® and an increased risk of relapse.°°? Whether JFNL 
haplotype influences the timing or magnitude of ISG recovery, with effects on HCV decay 
and clearance during DAA treatment, remains to be determined. Intriguingly, two studies 
have demonstrated that an unfavorable JFNL4 haplotype may exert pressure against HCV, 
selecting for amino acid substitutions in the HCV NSSA protein that could potentially 
facilitate virus replication in an environment of strong ISG activity or affect susceptibility to 
DAA inhibitors.?7°76 


Evasion of the type I/III IFN responses 


ISG induced by HCV infection have the potential to interfere with every stage of the viral 
replication cycle, including entry, replication, and release.49449>°,53.839 Viral evasion 
mechanisms that subvert the innate antiviral response were investigated by ectopic 
expression of individual HCV proteins in transformed cells lines and with replicons and HCV 
isolates adapted for replication in hepatocyte cell lines (Fig. 8.5).!©%47* More recently, mice 
repopulated with human hepatocytes have been infected with genetically modified HCV 
isolates to demonstrate the importance of viral proteins like NS5A in evasion of the 
interferon response.*°? Although these approaches have limitations, they suggest the 
possibility of a multilayered defense against antiviral effector mechanisms. Failure of cellular 
sensors to detect HCV RNA is a potential first line of defense. Consistent with this 
possibility, cytosolic receptors are excluded from the membranous web of rearranged 
cytoplasmic vesicles where HCV replicative intermediates are generated.-*° HCV RNA is 
also sequestered in DMV produced by autophagy’°? and in extracellular vesicles that are 
exported from cells via a pathway that bypasses the endosome and TLR3 detection (Fig. 
8.5).7°° Blockade of signaling pathways downstream of the TLR and RLR receptors HCV 


proteins provides an additional defensive layer.!©?*** The NS3/4A protease targets the 
adaptor proteins MAVS47©°° and TRIF*!° for cleavage in infected cells, effectively blocking 
ISG responses. TRIF may also be degraded by HCV NS4B through a caspase 8—dependent 
mechanism.**® Reduced stability of transcripts encoding IFN-A2 and IFN-A3*’° or the type I 
IFN receptor??? by microRNAs induced in hepatocytes by HCV has been described. 
Signaling from the type I and III IFN receptors through the JAK-STAT pathway may also be 
blocked by HCV proteins E2 and NS5A when expressed in cell lines.‘°?-4** HCV infection 
may also alter activation of the ISG PKR. On one hand, NS5A protein expressed in cultured 
cells and in transgenic mice bound to PKR and prevented activation of its antiviral ISG 
activity (Fig. 8.5).279-°°! However, it was also reported that HCV activates PKR to block cap- 
dependent translation of host effector ISG proteins,?!73* an evasion mechanism that would 
not impair IRES-mediated translation of the HCV genome (Fig. 8.5). It is possible that 
blockade of PKR activation in the early stage of infection during initial translation of the 
RNA genome is advantageous for replication. A transition to PKR activation at a later stage 
in the replication cycle would impair translation of antiviral ISG effector proteins and 
perhaps provide an explanation for the paradoxical coexpression of HCV RNA genomes and 
ISG mRNA in infected hepatocytes.°°° Finally, NS4A-mediated MAVS cleavage has been 
visualized in situ in infected hepatocytes, suggesting that this evasion mechanism is active in 
the liver.4!9°°° Whether other evasion mechanisms defined in cell culture models contribute 
to evasion of innate immune responses or persistence of HCV remains to be established. 
Sustained HCV replication through the acute and chronic phases of infection, especially in 
subjects with high constitutive ISG activity associated with rs368234815-AG and related 
polymorphisms, cannot be fully explained by these models. Molecular mechanisms that 
contribute to evasion of the response may require a more detailed understanding of ISG 
activity in the membranous web where HCV genome replication and assembly occur (see 
Chapter 7). Differences in ISG kinetics, susceptibility to negative regulation, and the hepatic 
antiviral environment induced by one or more of the IFN-A proteins are also likely to be 


important factors in understanding why innate IFN responses are ineffective at HCV 
contro], 95-88:327,552,680 


NK cell responses and HCV evasion 


NK cells with enhanced cytotoxic activity and production of antiviral cytokines are detected 
in blood during the acute hepatitis C.2°°”°°”° NK cell activation is driven by direct binding 
of cytokines like type I IFN and IL-12 that are produced as part of the strong acute phase ISG 
response elicited by HCV. Monocytes also contribute to NK cell activation during acute 
hepatitis C through inflammasome-dependent secretion of IL-18.°7”7 NK cell-mediated 
suppression of HCV replication through killing of infected hepatocytes and production of 
IFN-y and TNF-a that provide noncytolytic control of HCV replication was documented in 
cell culture models.?”°7°038.712 Their role in providing complete or partial control of HCV 
replication in patients with acute HCV infection is uncertain. This analysis has been 
hampered by limited access to the liver, where NK cells constitute one-third to one-half of all 


intrahepatic lymphocytes.*®° The timing and strength of the circulating NK- and HCV- 
specific T-cell responses appear to be linked in individuals with a robust pattern of acute 
phase HCV replication.*?>”°.°7° It is therefore difficult to separate the relative contribution of 
these innate and adaptive populations to virus control.2°°/°°”> NK cell activation also occurs 
in individuals exposed to very low HCV inocula through intravenous drug use or 
occupational needlestick injuries. Indeed, NK activation may be a very sensitive marker of 
exposure to HCV as it has been observed in cases where virus inoculum was low and there 
was no virologic evidence of infection. NK cells might contribute to an abortive or highly 
attenuated course of HCV infection in this setting. In support of this possibility, 
immunogenetic studies revealed that homozygosity for genes encoding the inhibitory 
KIR2DL3 receptor on NK cells and the HLA-C1 ligand on target cells increased the 
probability of spontaneous resolution of HCV infection.*°°”°! The effect of this compound 
genotype on infection outcome was most apparent in injection drug users**°7°°729.75! and in 
cases of needlestick injury,°°° where a lower NK cell activation threshold may be 
advantageous in rapidly containing infections established with a low HCV inoculum. Other 
host factors may also regulate NK cell function in acute hepatitis C. For example, acute 
phase NK cell effector functions were enhanced in individuals with JFNL genotypes that 
favor virus control.!°! Because NK cells lack type III IFN receptors,!°!°* any effect of this 
cytokine family on activation or effector function must be indirect. 

Chronic HCV infection has a pervasive effect on the NK cell compartment. Circulating 
NK cells are clearly activated in the chronic phase of infection as assessed by enhanced 
expression of HLA-DR, CD69, and multiple NK cytotoxicity receptors.°°? They are also 
skewed toward cytotoxic activity with decreased production of IFN-y and TNF- 
a,13.284,918,557,633,675 The repertoire of inhibitory and activating NK receptors is also altered 
in chronic infection.”!® NK cell activation and polarization toward cytotoxicity in the chronic 
phase of infection most likely reflect continuous stimulation by innate cytokines. Type I IFN 
is likely a key driver of this NK cell phenotype in chronic hepatitis C.!”74°!° This mechanism 
is supported by the observation that the STAT1, an ISG that is essential for signaling and 
induced by type I IFN stimulation, is increased in NK cells from patients with chronic 
hepatitis C.!74°!° As with ISG responses,!”®°9°29 NK cell function and responsiveness to 
type I IFN therapy are normalized by successful DAA therapy,°””°”° although alterations to 
the NK receptor repertoire imposed by chronic HCV infection are more durable and perhaps 
not reversible.’!® 

Mechanisms to subvert NK cell effector function and recognition of HCV-infected target 
cells have been identified using cell culture models. Expression of class I HLA-C and HLA- 
E molecules, which are ligands for inhibitory NK cell receptors, may be stabilized on the 
surface of infected hepatocytes by peptides derived from structural and nonstructural HCV 
proteins.“49°92°38 A direct inhibitory effect of HCV-infected cell lines, virions, and 
recombinant proteins on cultured NK cells has also been described.!°°%?,76°.820,824 HCV 
virions and component proteins could act by altering NK signaling or function, for instance, 


through cross-linking of cellular receptors,!°°7°° but relevance of the mechanisms to evasion 
of the response in the liver remains to be established. 


Cellular Immune Responses 


Circulating HCvV-specific CD4+ helper and CD8+ cytotoxic T cells are detected 
approximately 8 to 12 weeks after infection in humans and experimentally infected 
chimpanzees (Fig. 8.6).!29-410906,689,748,749 The initial delay in generating a T-cell response, 
which is not yet explained, is a feature of most acute infections regardless of whether they 
resolve or persist. In overview, onset of the response is kinetically associated with a sharp 
decline in viremia and in some _ individuals with acute hepatitis (Fig. 
8.6). 7129.293,410,506,689,748,749 Resolution of acute infection requires a multifunctional 
CD4+194240,444,666,673 and CD8+!5%25L409 T-cell response that is sustained until after 
termination of HCV replication; premature loss of functional CD4+ T cell help is highly 
predictive of a persistent outcome.”9° Durable CD4+ and CD8+ T-cell memory is generated 
in humans and chimpanzees with infections that spontaneously resolve.®7:29%:259:689,735 
Reinfection elicits an accelerated memory T-cell response that is temporally associated with a 
sharply reduced duration and magnitude of viremia and a decreased risk of a persistent 
outcome when compared with primary HCV infection in humans!:2°%4845°9 and 
chimpanzees (Fig. 8.6).4%:2°6495,536.689 A ntibody-mediated depletion of CD4+ helper*°® or 
CD8+ cytotoxic cells°°? from chimpanzees with naturally acquired immunity to HCV 
resulted in prolonged or persistent infection after rechallenge with the virus. Collectively, 
these observations provide a strong argument that sustained HCV-specific T-cell immunity is 
critical for spontaneous resolution of acute primary infections and secondary infections in 
immune individuals who are reexposed to the virus. 


T-cell immunity in acute resolving and persisting infections 


At least three functionally distinct HCV-specific CD4+ T-cell populations that provide help 
for CD8+ T-cell or B-cell responses are detected in blood during acute resolving infection. 
Help for the CD8+ T-cell response is provided by HCV-specific CD4+ T helper 1 
(Th1)*71°73,779 and T helper 17 (Th17)*°9 populations. A sustained response by CD4+ T cells 
that produce the signature Th1 cytokine IL-2 is associated with functional antiviral CD8+ T- 
cell immunity and resolution of HCV infection.27}°/7”? HCV-specific Th17 CD4+ T cells 
that produce IL-21, a cytokine that also supports development of effector CD8+ T-cell 
responses, are primed during acute infection.*°° Elevated serum IL-21 titers are associated 
with stronger circulating CD8+ T-cell responses and resolution of acute HCV infection.°*°9 
Antiviral CD4+ T cells with a T follicular helper (Tfh) phenotype are also visualized in blood 
during acute HCV infection.°? This response, which directs germinal center formation that is 
essential for humoral immunity, was associated with development of HCV-specific 
antibodies.°*? Premature loss of the CD4+ T-cell response is a defining feature of acute 
infections that persist.2!%.22190°.705,774.813 Breadth of the response, defined by the number of 


HLA class II epitopes targeted by circulating CD4+ T cells, is not necessarily a determinant 
of infection outcome.°°° Approximately 10 class II epitopes (range 2-26) located 
predominately in NS proteins (particularly NS3 and NS4) were detected in the early phase of 
acute resolving infection, and this pattern was not significantly different in time-matched 
samples from infections that persisted.°°° HCV antigen—driven proliferation and cytokine 
production by early acute phase CD4+ T cells are, however, comparatively poor in infections 
that persist.”2°°-°° Failure of the response is marked by a progressive decline in CD4+ T-cell 
frequencies and a narrowing repertoire of targeted HCV epitopes. 192.143.409.666 


CD8+ T cells are multifunctional in infections that resolve. They degranulate, indicating 
the potential for cytotoxic killing of infected hepatocytes, and produce antiviral cytokines 
like IFN-y and TNF-a. 192:262,398,506,749,774 The response is also considered broad, targeting on 
average 9 to 10 epitopes localized mostly to NS proteins but with no obvious pattern of 
dominance.*°”°99:7° CD8+ T cells in acute resolving infections follow a typical pattern of 
differentiation with transient expression of programmed cell death 1 (PD-1), a marker of T- 
cell activation during acute infection,**~°*° transcription factor T-bet (T-box expressed in T 
cells) that regulates effector functions,*°? and the antiapoptotic transcription factor BCL-2.°°° 
With resolution of infection, CD8+ T cells gain expression of CD127, a component of the IL- 
7 receptor that facilitates homeostatic proliferation required for maintenance of the memory 
response.°/*,689,749,774 Progressive loss of CD8+ T-cell function, including HCV antigen— 
driven proliferation, cytotoxic activity, and production of antiviral cytokines, leads to 
transient and incomplete control of HCV replication. !°%29398.9%./49.774 Circulating CD8+ T 
cells can target multiple class I epitopes in the early phase of acute infection, but the 
repertoire typically narrows as persistence is established.!?%7°2-°%8.409 Intrahepatic CD8+ T 
cells do persist in the chronically infected liver, and the response is multispecific in some 
humans and chimpanzees.2°°79.499.944 


Evasion of T-cell immunity 


CD4+ T-cell failure compromises CD8+ ‘T-cell and B-cell responses, but the cause is 
unknown. CD4+ T-cell proliferation and cytokine production are impaired by HCV core 
protein binding to the cellular C1gR complement receptor*©* and HCV RNA genome binding 
to toll-like receptor 7 (TLR7).*°° All CD4+ T cells express C1lgR and TLR7, however, and so 
these mechanisms are difficult to reconcile with a defect that is HCV specific. Host genetics 
may be a factor. Certain HLA class II alleles have been associated with spontaneous 
clearance (for instance, HLA-DQB1*03:01, DRB1*01:01, DRB1*03:01, and HLA- 
DRB1*11:01) or persistence (DQB1*02:01) of HCV infection. !°729%289.903,750,799 There is as 
yet no clear evidence that the encoded class II molecules present dominant HCV epitopes 
that are more or less protective against persistence. Mutational escape in HCV class II 
epitopes driven by CD4+ T-cell selection pressure appears to be uncommon. 
Nonsynonymous polymorphisms in the HCV genome have been associated with shared class 
II HLA haplotypes in populations of chronically infected humans.**? While these HLA- 


related polymorphisms in the viral genome are consistent with CD4+ T-cell selection 
pressure, emergence of escape mutations in known dominant class II epitopes is difficult to 
discern in individual humans*!3°77°° and chimpanzees,*7° especially when compared with 
the very visible evidence of HCV evolution in epitopes targeted by CD8+ T cells and 
antibodies as described below. A mechanism by which CD4+ T cells exert direct selection 
pressure against HCV, for example, by cytolysis of virus-infected hepatocytes, has not yet 
been described. Many HCV-specific CD4+ T-cell populations detected in blood during the 
early acute phase of persisting infections drop below the threshold for detection. It is possible 
that they are deleted from the CD4+ T-cell repertoire, but localization of some populations to 
the chronically infected liver cannot be excluded.°’’ HCV-specific CD4+ T cells that 
circulate in the chronic phase of infection express multiple inhibitory receptors, including 
PD-1, CTLA-4, CD305, and CD200R.®° Th1 and Th17 helper function has been restored by 


antibody-mediated blockade of inhibitory receptor signaling in cell culture models.*?9°°°776 
Nonetheless, it is not yet clear if this mechanism fully explains functional silencing of CD4+ 
T cells. Other suppressive pathways may be operational, including T regulatory (Treg) 


activity that acts through production-suppressive cytokines like IL-10 and TGF-f.°"° 


HCV-specific CD8+ T cells are maintained in the chronically infected liver for decades 
but provide no apparent control of persistent virus replication. Direct viral interference with 
antigen-processing machinery or class I MHC expression could protect infected hepatocytes 
from CD8+ T-cell recognition as demonstrated in cell culture models.*°°7°® Enhanced 
regulatory T-cell activity during the acute and chronic phases of infection could also suppress 
CD8+ T-cell proliferation and effector functions,°”®**°%7*! but an association with infection 
outcome has not been observed. As detailed below, evasion of the CD8+ T-cell response in 
chronically infected humans and chimpanzees occurs by (a) mutational escape of HCV class 
I epitopes and (b) functional exhaustion. 


Mutational escape of class I HCV epitopes occurs in humans®*!93,747,756758 and 


chimpanzees!®° who develop chronic infections. Multiple cross-sectional studies have also 
demonstrated enrichment of amino acid changes in predicted or confirmed class I epitopes 


among chronically infected individuals with who share HLA alleles.2!%227994,625,647,757 
Approximately 25% to 50% of class I epitopes in the dominant NS proteins acquire escape 
mutations, although this frequency is’ variable between individuals and 


studies. 12787,489,647,758 Escape mutations are a consequence of CD8+ T-cell selection 
pressure as the rate of nonsynonymous mutation is significantly higher in class I restricted 


epitopes when compared with the remainder of the HCV genome.®494-180.387,589 The rate of 


mutation within class I epitopes slows as persistence is established.°”9*!9?:7°8387 This is 
consistent with stability of class I escape mutations over years of persistent HCV 


replication.°*”°°+,769 Mutation of intact epitopes during chronic infection has been described 
but is uncommon.!**:”"4 Failure to generate an effective CD8+ T-cell response against a class 


I escape variant may be due in some instances to a gap in the human T-cell repertoire.®!? In 
most cases, however, it almost certainly reflects impaired generation of new mutant-specific 


CD8+ T cells in an environment of inadequate HCV-specific CD4+ T-cell help and high 
antigen load. From a functional perspective, escape mutations within epitopes can impair 
class I MHC binding!**:°° or CD8+ T-cell receptor recognition.”°*!* Mutations in 
sequences adjacent to or within an epitope can also alter proteasome processing of the HCV 
polyprotein, resulting in epitope destruction.°°°.°7!)”9’ Replicative fitness of HCV can be 
impaired by escape mutations.'44+°*7°9 An iterative process of amino acid replacement to 
efficiently balance replication and escape from CD8+ T-cell recognition can occur in the 
acute phase of infection while the epitope is still under selection pressure.’©? Impaired 
replication during the chronic phase of infection can also be offset by compensatory 
mutations that are sometimes distant from the epitope that contains an escape 
mutation.7!2°48°8 Mutational escape of epitopes may spare cognate CD8+ T cells from a 
complete loss of function. They maintain the ability to proliferate in response to antigen 
stimulation, and expression of CD127 indicates a status that more closely resembles memory 
than exhaustion.*“1°* Effector function is sufficient to maintain selection pressure against 
some escaped epitopes in the chronic phase of infection.*?»7°°8°* As an example, reversion 
of HCV escape mutations was observed in chronically infected women during pregnancy, a 
setting where immune function is transiently attenuated.*?? Escape mutations were 
reacquired in the postpartum period with transient resurgence of a functional HCV-specific T- 
cell response.??° 


Class I epitopes that remain intact induce a more profound state of CD8+ T-cell 
exhaustion when compared with escaped epitopes.°!**1°®7”3 A transcriptional signature 
characteristic of exhaustion is evident in the early acute phase of infection (Fig. 8.8). Using 
integrative systems analysis, coordinated expression and rapid down-regulation of gene 
modules associated with metabolic function were observed in HCV-specific CD8+ T cells 
from patients with acute persisting but not resolving infections.®!? An early but transient 
transcriptional burst related to oxidative phosphorylation occurred within the first 12 to 18 
weeks of infection and was linked to a pervasive effect on gene modules associated with 
nucleosomal regulation of transcription and T-cell differentiation and inflammatory pathways 
(Fig. 8.8). The unfavorable pattern of metabolic gene transcription in CD8+ T cells was also 
associated with loss of HCV-specific CD4+ T helper cells from circulation.®!? The exhausted 
phenotype in chronic infection is defined by low or no CD127 and sustained expression of 
PD-1 and other inhibitory receptors including cytotoxic T lymphocyte—associated antigen 4 


(CTLA-4), T-cell immunoglobulin- and mucin-domain-containing molecule 3 (TIM-3), the 
NK receptor 2B4,51.247,341,342,482,534,563,617,618,648,773,774 
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FIGURE 8.8 Transcriptional analysis of HCV-specific CD8+ T cells in acute 
resolving and persisting HCV infection. Transcriptional activity was compared 
in HCV-specific CD8 T cells isolated at different time points from patients with 


resolving (resolver) and persisting HCV infections.°!3 CD8+ T cells from 
chronically infected patients were further subclassified as (chronic) if they 
recognized intact class I HCV epitopes or escaped if they did not receive TCR 
signal due to viral escape mutations. A transcriptional network constructed from 


a weighted gene coexpression network analysis (WGCNA) is shown.®!9 
Dysregulated gene modules identified in the chronic but not resolver or escaped 
CD8+ T-cell populations were related to cell metabolism (most notably oxidative 
phosphorylation), nucleosomal regulation, and known immune _ response 
functions. Dysregulated gene modules were connected by _ coregulated 
transcription factors, demonstrating that the path to T-cell exhaustion is most 
likely an integrated process affecting different molecular pathways 
simultaneously and in a coordinated manner. (From Wolski, Foote, Chen, et. al. 
Early transcriptional divergence marks virus-specific primary human CD8(+) T 
cells in chronic versus acute infection. Immunity 2017; 47(4):648, with 


permission). 


These CD8+ T cells also express eomesodermin (Eomes),”°® a transcription factor associated 


with exhaustion, and chromatin structure is more open at exhaustion regions than memory 
regions of the CD8+ T-cell genome.°”4 Terminally differentiated CD8+ T cells are enriched 
in the chronically infected liver and programmed for death.**+°!7-°!9 Of note, exhausted 
CD8+ T cells are continuously replenished from a pool of self-renewing HCV-specific CD8* 
T cells that are defined by expression of the CD127 memory marker and the transcription 
factor T-cell factor 1 (TCF1) that is important in formation and maintenance of 
immunological memory.®°7 


Function can be restored to exhausted HCV-specific CD8+ T cells in culture models by 
antibody-mediated blockade of PD-1 signaling.**”°78.°!””79 Anti-PD-1 antibodies have also 
been administered to persistently infected humans and chimpanzees. A greater than 4 log 
reduction in viremia was observed in 15% of subjects (3/20) who received the highest dose 
of a fully humanized IgG4 anti-PD-1 monoclonal antibody with no serious side effects.*°° 
By comparison, HCV viremia rarely varies by more than 0.5 log in the chronic phase of 
infection. An apparent cure of chronic HCV infection was achieved in one subject with an 
unfavorable IFNL4 genotype who had previously failed type I IFN therapy.*°° Recovery of 
HCV-specific T-cell function was not assessed in these patients. Transient reduction of 
viremia and restoration of functional HCV-specific CD4+ and CD8+ T-cell immunity were 
also observed in one of three persistently infected chimpanzees treated with a humanized 
anti-PD-1 monoclonal antibody.**” These studies provide direct evidence that signaling 
through coinhibitory receptor(s) contributes to CD8+ T-cell exhaustion in chronic hepatitis C. 
Failure of most treated individuals to respond to PD-1 blockade cannot yet be explained. Cell 
culture models have demonstrated that restoration of T-cell function may require blockade of 
additional inhibitory receptors like CTLA-4 or TIM-3.*°4°°3°° Restoration of function to 
exhausted HCV-specific CD8+ T cells in cell culture may also be highly individualized as no 
clear hierarchy or dominance of inhibitory receptor usage has been observed.°® Finally, anti— 
PD-1 antibodies probably act on the small pool of self-renewing CD8+ T cells®°” that are the 
source of exhausted, terminally differentiated CD8+ T cells. Success of inhibitory receptor 
blockade may depend on the size of the self-renewing pool, the repertoire of HCV epitopes 
they target, and the capacity of blocking antibodies to promote effector activity instead of 
exhaustion. 


Recovery of T-cell immunity after antiviral therapy 


T-cell immunity does not recover after successful treatment of chronic hepatitis C with 
pegIFN/riba.”»”293°°7 DAA cure of infection leads to partial recovery of CD8+ T-cell effector 
function.4©8°” Termination of persistent HCV replication leads to loss of exhausted CD8+ T 
cells. CD8+ T cells that survive after DAA cure are derived from the TCF1* memory-like 


population. They proliferate after stimulation with escaped and intact epitopes, indicating that 
even the most profoundly exhausted populations can recover from this self-renewing 
progenitor population.*©° Production of IFN-y and TNF-a was weak, however, especially 
when compared with memory CD8+ T cells generated by resolution of acute infection.°°” To 
date, there have been few studies to assess the capacity of CD8+ T cells to control virus 
replication in a post-DAA setting. The question is of practical importance as reinfection after 
DAA cure has been documented.*°!~46°,901592,665 Tn one study, 15/77 participants were 
reinfected at 18 months posttreatment, yielding a reinfection rate of 21.5/100 person-years, 
close to a recent estimated rate of HCV incidence among recent injectors (past 6 months) in 
the same community.°©° 


Relapse of HCV replication in one subject 12 weeks after termination of DAA therapy 
resulted in expansion of memory-like TCF1+ CD8+ T cells that reacquired an exhausted 
phenotype as persistent infection was reestablished. In a second case study, CD8+ T cells 
targeting intact and escaped class I epitopes persisted in a chimpanzee for 2 years after DAA 
cure but failed to prevent a second chronic infection after experimental HCV rechallenge.?° 
In summary, these early studies indicate that T-cell exhaustion is a pervasive and persistent 
mechanism of immune evasion that may be partially but not completely reversed after DAA 
cure. 


Humoral Immune Response 


The HCV E1 and E2 envelope glycoproteins elicit an acute phase antibody response in all 
infected humans with normal immune function, regardless of whether the infection resolves 
or persists. Seroconversion measured by E1 and E2 antibody-binding assays occurs several 


weeks to months after infection,!!°»°*° a delay that may reflect the slow onset of CD4+ T-cell 
help during acute hepatitis C (Fig. 8.6) (discussed in Cellular Immune Response). Anti-E1 


and anti-E2 antibodies persist for life in infections that become chronic.°*° Antibody titers 
decline after spontaneous resolution of infection in individuals without ongoing exposure to 


HCV (Fig. 8.6).°72°!3-670,735 Seroreversion occurs over a period of years in a subset of these 


cases,°/2-°70,735 as illustrated by a single-source HCV transmission accident in the former 
East Germany, where HCV-specific T cells but not antibodies were detected in about 40% of 


subjects 18 to 20 years after spontaneous recovery from acute hepatitis C.”“° Reinfection can 
occur in humans*°%** and chimpanzees*®-!9°- after spontaneous resolution of acute 
hepatitis C (Fig. 8.6), indicating that antibody-mediated sterilizing protection is uncommon, 
if it occurs at all. 

Neutralizing function of serum antibodies is assessed using hepatitis C virus 
pseudoparticles (HCVpp) bearing HCV E1 and E2 envelope glycoproteins*”°"° and hepatitis 
C virus cell culture (HCVcc) adapted viruses’”® that facilitate analysis of the kinetic, titer, 
and breadth of the response. HCV E1 and E2 sequence diversity, which ranges from 
approximately 30% between genotypes to 10% between subtypes,’ is an important 
consideration in measuring neutralizing responses. Further complexity is observed within 


individuals, where HCV circulates as an evolving swarm of distinct strains that may differ in 
susceptibility to antibody neutralization.!9**°? Because E1 and E2 sequences vary and can 
evolve rapidly during acute infection, neutralizing antibody activity within HCV-infected 
individuals is measured against HCVpp bearing E1 and E2 glycoproteins from cocirculating 
(i.e., autologous) viruses. Neutralizing antibodies are not necessarily required for control of 
acute phase virus replication; spontaneous resolution can occur in cases of primary immune 
deficiency affecting B-cell development!? and in chimpanzees where seroconversion is often 
not observed at the time of virus control.*” These are exceptional circumstances, however, 
and accumulating evidence is consistent with a role for neutralizing antibodies in limiting 
HCV replication and spread in the liver. Antibodies that neutralize HC Vpp infectivity appear 
at about the time of seroconversion,!®4°!°® and an early and broad response has been 
associated with spontaneous clearance of acute infection.°© 1849.9 Single-source outbreaks 
of HCV infection have provided important insight into the acute phase neutralizing antibody 
response.“ As an example, control of acute hepatitis was associated with rapid induction 
of neutralizing antibodies against the infecting virus in pregnant women treated with anti-D 
immunoglobulins contaminated with a single HCV strain.°®° Neutralizing antibody responses 
were absent or of low titer in subjects following a chronic course.°°° Antibody responses that 
broadly neutralize infectivity of HCVpp bearing multiple, diverse genotype 1 envelope 


glycoproteins are also associated with resolution of acute primary infection.°©? Rapid recall 
of broadly neutralizing antibodies may also contribute to the much shorter duration and 
magnitude of viremia, and decreased likelihood of HCV persistence, in individuals who are 


reexposed to the virus after spontaneous clearance of infection (Fig. 8.6).°°? 
Patterns of antibody neutralization against genetically diverse E1 and E2 species were 


defined using HCVpp and HCVcc panels representative of different genotypes and subtypes. 
These studies revealed that HCV genotypes and subtypes do not correspond to neutralization 


serotypes.°©°-”40 Sensitivity to neutralization instead varies widely for isolates within HCV 
genotypes and subtypes, as determined with HCVpp panels that encompass most of the 


known global diversity of HCV genotype 1 envelope sequences.?”""*)’’” Mechanistic insight 
into antibody-mediated neutralization has advanced with resolution of the HCV E2 


ectodomain structure by x-ray crystallography*°”?”? and development of murine and 


recombinant human monoclonal antibodies against E1 and E2.°°78244,329,353 , 498,561,962,581 
Neutralizing epitopes map to the E1 and E2 glycoproteins and the E1/E2 complex that is 


cross-linked on the virion surface.*°*’°”;’9* Neutralizing responses against E1 and the E1/E2 


complex are the least well characterized. Two epitopes have been defined in E1,°°*749498 
including one that is recognized by monoclonal antibodies that neutralize several HCV 


enotypes.*”2 Conservation of this epitope sequence across several genotypes indicates that 
g yp pitop q g yp 
E1 has an important but still undefined role in the HCV entry process. E2 is the dominant 


target of antibodies that neutralize HCV entry at a postattachment step.°°~7°! This heavily 
glycosylated and compact globular structure is composed of f-strands and random coils 


flanked by two small a-helices.*°”?”° It binds at least two entry receptors on hepatocytes, the 


CD81 tetraspanin and the high-density lipoprotein receptor scavenger receptor class B type I 
(SR-BI) (see Fig. 8.3).'°! The neutralizing antibody response is directed predominately 
against epitope clusters on the exposed surface of E2 (Fig. 8.9). The clusters localize to the 
conserved neutralizing face of E2 and hypervariable region 1 (HVR1; aa 384—410). HVRI1 is 
functionally important for HCV entry as it guides or modulates E2 interaction with the SR- 
B1 cellular receptor,°°® but is under few structural constraints and readily tolerant of amino 
acid substitutions. Neutralizing antibodies directed against HVR1 are often isolate or strain 
specific and exert selection pressure leading to emergence of escape variants./®!9%395 
Broadly neutralizing antibodies recognize epitopes in the conserved, mostly hydrophobic 
neutralizing face of E2 that is essential for CD81 binding (Fig. 8.9),°6929°61°6798! The 
neutralizing face is composed predominately of the E2 front layer (amino acids 421—459) and 
CD81 binding loop (amino acids 519-535), structures that are highly flexible*”° and not 
obstructed by glycans. Epitopes within the neutralizing face localize to three overlapping or 
adjacent clusters that are essential for CD81 binding, as determined by mapping with murine 
and recombinant human monoclonal antibodies that cross-neutralize viruses from different 
HCV genotypes (Fig. 8.9). One cluster, designated antigenic site 412 (AS412) or domain E, 
spans amino acids 412 to 423 immediately downstream of HVR1.°°*)’°” Immunogenicity of 
the AS412 E2 region is poor in natural infection, as broadly neutralizing antibodies are 
detected in only 2% to 15% of infected humans.°*°!/°9’4! The other two epitope clusters 
within the neutralization face are composed of amino acids in the E2 front layer (aa 434—446, 
designated AS434 or domain D) and discontinuous amino acids from the front layer (aa 426— 
443) and CD81 binding loop (aa 529-531) (designated antigen region 3, AR3) brought 
together by the overall fold of the E2 protein (Fig. 8.9).°°*7°” Passive transfer of broadly 
neutralizing monoclonal antibodies targeting epitopes in AS412,* AS434,°°° and 
AR3*44494 protected humanized mice from challenge with HCV, including a complex 
quasispecies in one study.*°* Termination of an established infection in a humanized mouse 
was also observed after infusion of monoclonal antibodies against AR3 epitopes.'4° Broadly 
neutralizing monoclonal antibodies targeting conserved AS412 epitopes in the neutralizing 
face also prevented or modified the course of HCV infection in chimpanzees and 
humans eet ee 
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FIGURE 8.9 The HCV E2 neutralizing face and localization of epitopes. The 
x-ray crystallographic structure of an HCV genotype 1a (H77) E2 envelope 
glycoprotein complexed with an antibody against the AR3 region. A: E2 
ectodomain schematic (aa 384-746, based on the prototypic isolate H77 
numbering). Structural components including variable regions (gray), AS412 
(domain E) (pink), front layer (cyan), B-sandwich (red), CD81 binding loop 
(blue), back layer (green), and the stalk and transmembrane regions (white) are 
shown. The AS412, antigenic region 3 (AR3), and AS434 neutralization epitopes 
are marked in pink, dashed rectangle, and wheat. The N-linked glycosylation 
sites surrounding the neutralizing face (N417, N423, N430, N532, and N540) are 


underlined. B: Surface representation of the E2 structure?”° with the structural 


components colored as in (A). The neutralizing face is marked by a red dashed 
line. C: Neutralizing epitopes on the E2 structure. The conformational flexibility 


of AS41276 related to E2 is schematically shown. The three known AS412 
conformations ($-hairpin, semiopen, and open) for neutralization are shown on 
the right. (From Tzarum N, Wilson IA, Law M. The neutralizing face of hepatitis 
C virus E2 envelope glycoprotein. Front Immunol 2018;9:1315, with 
permission. ) 


Common features of broadly neutralizing human monoclonal antibodies that recognize 
epitopes in the E2 neutralizing face have emerged. Those targeting the AS434 and AR3 
epitopes utilize immunoglobulin heavy chains with a V;;1-69 encoded variable segment.°°49° 
A detailed analysis of monoclonal antibodies from two subjects who spontaneously cleared 
HCV infection suggests that antibody genes contain few somatic mutations, but those that do 
appear are important for efficient neutralization of the cocirculating HCV quasispecies 


swarm late in acute infection.°°°°! Of note, broadly neutralizing antibodies with these 


features also appear in individuals with chronic hepatitis C.°°*’°7 It is likely that they appear 
too late in the course of acute infection to limit virus replication, but differences in their 
physical interaction with conserved epitopes in highly flexible E2 structures can’t be 
excluded. 


HVR1 is susceptible to selection pressure by neutralizing antibodies because of its highly 


flexible structure and tolerance of amino acid substitutions (Fig. 8.10).°4+72°°°* Timing of 
the first appearance of antibody-driven mutations first appears in HVR1, and the 
consequence for infection outcome may depend on the kinetics and breadth of the acute 


phase neutralizing response.'©*-!98.95 An early, rapid pace of nonsynonymous mutation in 


HVR1 is associated with spontaneous resolution of infection*’’ and marks the coincident 
onset of a broadly neutralizing antibody response targeting HVR1 and epitopes in the 


conserved neutralizing face of E2 that are constrained from mutation. ©2°619°0.58 
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FIGURE 8.10 Evasion of anti—hepatitis C virus (HCV) antibody-mediated 
responses. Neutralization of HCV by antibodies can block infection of the cell 
(1). Binding of neutralizing antibodies (red) can be evaded by variability in the 
envelope proteins (2) illustrated here in a plot of Wu-Kabat amino acid 


variability®!° and by dense glycosylation at approximately 15 positions (3). 


Nonneutralizing antibodies (4, green) and lipoproteins (5) may hinder 
neutralizing antibody binding to HCV envelope glycoproteins, and delayed 
exposure of conserved domains until late in the entry process may prevent their 
recognition on free virions (6). Cell-to-cell transfer of virions is resistant to 
neutralizing antibodies in vitro, suggesting an additional mode of escape for local 
spread of infection (7). Along the envelope gene map are _ indicated 


transmembrane regions (TMs), hypervariable region 1 (HVR1), and variable 
regions 2 (VR2) and 3 (VR3, the intergenotypic variable regions IgVR). 


Onset of the neutralizing antibody response and HVR1 diversification is typically delayed in 
acute infections that persist.200440-49°°8.713 The pace of HVR1 diversification accelerates 
with the transition to chronic infection.*°° Nonsynonymous mutation continues through the 
chronic phase of infection and provides escape from neutralization*®°49°7% as illustrated 
by longitudinal study of a patient through 25 years of acute and chronic infection.’”4 
Narrowly focused acute phase neutralizing activity broadened significantly in chronic 
infection to neutralize distant genotypes and autologous viruses present at earlier acute and 
chronic time points. Serum antibodies did not, however, neutralize contemporaneous viruses, 


and resistance was associated with ongoing nonsynonymous mutation within HVR1.7%4 
Escape mutations do occur in conserved epitopes of the neutralization face, but appear to be 
uncommon??*°’? and can impair HCV fitness because of their proximity to CD81 binding 
residues.°*°.°°! As an example, accumulation of polymorphisms in the E2 front region and 
VR2 caused a partial resistance to early, broadly neutralizing antibodies targeting the 
conserved AR3 region.°°! Resolution of acute HCV infection was associated with reduced 
E2 binding affinity for CD81 and SR-B1 and progressive loss of HCV replicative fitness.°°! 


Extraepitopic mutations can also impair recognition of E2 by broadly neutralizing 
antibodies,*”!”°*4” in some instances by modulating the use of SR-BI and CD81 in virus 
entry (Fig. 8.10).'”° Nonneutralizing antibodies that bind HRV1 and other E2 domains may 
also sterically interfere with recognition of the neutralizing face by broadly neutralizing 
antibodies.**°.8°8 The E2 neutralization face is also physically shielded by HVR1,°® 
extensive glycosylation,*®° and lipoproteins that associate with the virion (Fig. 
8.10).40102,201,607 Direct cell-to-cell transmission of HCV may also sequester the virus from 
broadly neutralizing antibody responses, as demonstrated in cell culture models.’77°9°!! 


Immunity and Animal Models of Infection 


The common chimpanzee was the only model of HCV that recapitulated most features of 
human infection. The model was essential for the initial discovery of HCV and provided key 
insights into pathogenesis and immunity but is no longer used in research.?9* A number of 
rodent models were engineered for susceptibility to HCV infection.2°°49!°9°8°! Examples 
include mice with a severe combined immunodeficiency phenotype reconstituted with human 
liver by ectopic implantation under the kidney capsule,°°° immunodeficient mice transgenic 
for the urokinase plasminogen activator (uPA) gene that facilitates reconstitution with human 
hepatocytes,*’! and genetically humanized mice that express murine CD81 and SR-BI and 
human claudin-I and occludin required for HCV entry.°°° These animals permit the study of 
HCV entry and antibody-mediated neutralization of HCV _ infectivity (see Humoral 


Immunity) but are limited by other species restrictions on HCV replication or a functioning 
adaptive immune response. 


Newly discovered equine and rodent hepaciviruses have great potential to provide new 
insight into mechanisms of immune control and failure leading to persistence. A nonprimate 
equine Hepacivirus is hepatotropic in horses?®° and like HCV has an NS3/4A protease that 
cleaves MAVS.7?°°? Experimental challenge of horses results in spontaneously resolving and 
persisting infections. Importantly, horses that resolved acute infection had very transient 
viremia upon reinfection, indicating immune protection similar to that observed in reinfected 
humans and chimpanzees.°°*® Hepaciviruses isolated from rats are hepatotropic, have the 
potential to persist in their host species, and have a dependence on miR-122 for 
replication.’ Transmission of the rat Hepacivirus to mice resulted in transient infection that 
persisted with antibody-mediated depletion of CD4+ T cells.®° Natural persistence of the 
virus in rats was associated with a defect in acute phase T-cell immunity. Importantly, 
vaccination with a recombinant adenovirus expressing the nonstructural proteins protected 
most rats from persistence, and antibody-mediated depletion of CD4+ and CD8+ T cell 
abrogated protection or delayed resolution.*°* These models are emerging as an important 
new approach for understanding defects in immunity that lead to persistence and how they 
can be circumvented by vaccination. 


EPIDEMIOLOGY 


Morbidity and Mortality 


Morbidity and mortality caused by HCV infection are related primarily to liver failure and/or 
liver cancer as a result of chronic infection. In the Unites States, the Centers for Disease 
Control and Prevention estimates that chronic HCV infection contributes to 15,000 deaths per 
year, is the leading cause of liver failure leading to transplantation, and in 2007 superseded 
HIV as a cause of death.'®744%8!0 By 2012 to 2013, the annual number of HCV-related 


deaths exceeded 60 other nationally notifiable infectious diseases combined (Fig. 8.11).*° 
HCV-related liver morbidity and mortality increase with older age and greater duration of 
HCV infection and are expected to rise in the coming decades. HCV-related liver failure and 
cancer are predicted to increase until 2020-2023 without widespread treatment.'4* This trend 
may be exacerbated by failure to identify and treat patients with advanced liver diseases 
including fibrosis and cirrhosis.7°°°°*°!> Liver-related mortality is predicted to rise from 
146,667 cases in 2000—2009 to 283,378 in 2020-2029 in the United States. Global estimates 
of HCV-related disease burden at the level of individual countries are emerging.'°° They 
suggest a trend similar to the one predicted for the United States, where mortality associated 
with HCV infection continues to increase through 2030 with the exception of a small number 
of countries with higher DAA treatment rates.!°° 
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FIGURE 8.11 Annual number of deaths associated with hepatitis C virus 
and all other nationally notifiable infectious conditions* listed as multiple 
causes of death in the United States between 2003 and 2013. *Identified in the 
absence of hepatitis C. The list of 60 other nationally notifiable infectious 
conditions was obtained from the Centers for Disease Control and Prevention 
National Notifiable Diseases Surveillance System Web site. (From Ly KN, 
Hughes EM, Jiles RB, et al. Rising mortality associated with hepatitis C virus in 
the United States, 2003-2013. Clin Infect Dis 2016;62(10):1287-1288, with 
permission. ) 


HCV-infected persons are at increased risk of mortality from causes other than liver failure. 
In one study, 10,259 HCV antibody—positive blood donors were compared to donors matched 
by year of donation, age, gender, and zip code and followed for a mean of 7.7 years.*’! 
Compared to the HCV-uninfected donors, the risk of death was 3.13-fold higher in HCV- 
infected donors, who were more likely to die of not just liver-related but also drug/alcohol- 
related events, trauma/suicide, and cardiovascular causes. Persons with HCV infection are 
also at much higher risk of some medical conditions such as mixed cryoglobulinemic 
vasculitis and porphyria cutanea tarda (PCT) (see Clinical Features).!4” The degree to which 
HCV infection contributes to less specific medical syndromes such as_ chronic 
fatigue/arthritis or mental illness is more difficult to establish. 


Prevalence and Seroepidemiology 


Transmission 


Percutaneous exposure to contaminated blood is by far the most common mode of HCV 
transmission globally. Surveys of epidemiological literature have established that inadequate 
infection control measures including reuse of needles for medical and nonmedical practices 
are a significant risk for HCV transmission in many developing regions of the 
world.!212°>% Injection drug use is a dominant mode of HCV transmission globally, 
especially in countries with well-established screening programs for blood products and a 
low incidence of infection.!°'%°>-°* The size of the transmitted inoculum is a significant 
factor that determines whether infection is established. HCV RNA titers range from 5 to 7 
log;9 copies/mL of serum or plasma, and so almost all transfusion events with large volumes 


of contaminated blood products result in infection.'®*-’9° The risk of infection with a very 
small inoculum is apparent from chimpanzee studies, where low amounts of HCV RNA 
(~10-100 copies) similar to what might be found in a contaminated needle is sufficient to 
initiate productive infection.°”4°-*°.”8” The risk of HCV seroconversion after percutaneous 
accident involving health care workers in the United States has been estimated at 1.8%,”°8 
although a more recent analysis of 1,361 mucocutaneous and percutaneous exposures among 
health care workers at a large academic medical center over 13 years provided a lower 
seroconversion rate of 0.1% related to blood transmission. In addition to the quantity and titer 
of infectious material transferred, seroconversion is also determined by the type of injury 
(superficial or deep) and use of hollow-bore needles and syringes with low or high dead 
space volume.*°*:8*! In one study of percutaneous accidents involving health care workers, 
the risk of HCV infection was 11-fold higher in those exposed to an inoculum of greater than 
10° RNA versus less than 104 genomes/mL of serum.®*! More recently, mathematical 
modeling has demonstrated how the minimum estimated HCV inoculum size required for 
infection via IDU needle sharing varies with frequency of exposure and changing virus load 
through the acute and chronic phases of infection.*°* Other simulations have demonstrated 
that HCV titers decline in syringes over time, but virus infectivity can be maintained for 
weeks, °1:198:966,567 HCV RNA is stable for weeks in body fluids other than blood°®’ and is 


detected in tears, seminal fluid, and CSF by sensitive molecular techniques.7!°“88:”99 There is 
no evidence that HCV RNA is present in these fluids at a titer sufficient for transmission of 
infection.°°” Nonmedical percutaneous exposures such as body piercing, tattooing, and other 
cultural practices emerge as plausible risks for HCV transmission in some regions of the 


world.®2 


The frequency by which HCV is transmitted sexually is controversial. Transmission is 
relatively rare among long-term monogamous partners of individuals with HCV infection. 
HCV prevalence among partners was 4% in one cross-sectional study of 500 anti-HCV- 
positive, human immunodeficiency virus-negative index subjects and their long-term 
heterosexual partners.’“4° Of the 20 infections detected, nine couples had concordant 
genotypes. Viral isolates in three couples (0.6%) were highly related, consistent with 
transmission of virus within the couple. The maximum incidence rate of HCV transmission 


by sex was 0.07% per year, or approximately 1 per 190,000 sexual contacts.’”4° HCV 
infection does occur in persons acknowledging high-risk sexual practices with no other risk 


factor such as injection drug use.’®* Transmission between HIV-infected and HIV-uninfected 
men who have high-risk sexual exposures with other men is well established and is thought 


to result from traumatic sexual practices.429°71,779-781,804 


The rate of vertical HCV transmission is estimated at 2% to 10%.47°°°6829 How and 
when infection occurs in this setting is not known, but risk is increased by maternal HIV 
infection and/or high HCV RNA levels, prolonged rupture of membranes, and internal fetal 
monitoring,.273°.472,763 


Global Burden, Incidence, and Prevalence 


An estimated 71 million people, or 1% of the human population, are infected with HCV 
globally as defined by viremia.°?’ HCV prevalence varies widely between regions and 


countries (Fig. 8.12).8°°97 In an analysis of 16 countries by literature search and expert 
consensus, viremic prevalence estimates ranged from 0.3% in Austria, England, and 


Germany to 8.5% in Egypt.®° The largest viremic populations were in Egypt, with 6,358,000 
cases in 2008, and Brazil with 2,106,000 cases in 2007.°2 
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FIGURE 8.12 Map depicting geographic variation in the relative prevalence 
of hepatitis C virus (HCV) infection. Shading of country indicates prevalence. 
(Reprinted from Global prevalence and genotype distribution of hepatitis C virus 
infection in 2015: a modelling study. Lancet Gastroenterol Hepatol 


2017;2(3):161—176. Copyright © 2017 Elsevier. With permission.) 


The high prevalence in Egypt has historical roots in a campaign to eradicate schistosomiasis 
infection by intravenously administering tartar emetic to millions of citizens.’'” The effort, 
commended at the time as a public health model, occurred before there was widespread 
appreciation for blood-borne transmission of infectious agents. HCV was transmitted 
extensively because of the widespread reuse of insufficiently cleaned injection equipment.?7* 
Consequently, the prevalence of HCV infection can exceed 50% in persons alive during that 
campaign while being 1% to 2% in those born after. In addition, more than 90% of HCV 
infections in Egypt are genotype 4, which make up less than 10% of genotypes in most other 
regions of the world.°** Of note, Egypt is now at the forefront of national programs to 
eliminate HCV through a combination of public health measures as well as identification and 
treatment of infections (see Prevention and Control).®°* Diagnostic testing programs for HCV 
infection are highly refined and on track to identify and treat millions of people who are 
unaware of chronic HCV infection.!”* 


United States Prevalence and Incidence 


An estimated 1% of the US population, or 2.1 million people, were HCV RNA-positive in a 
survey that spanned 2013-2016.*°! Approximately 4.1 million were seropositive for 
antibodies against HCV.**! Of note, this estimate was generated by combining data from the 
National Health and Nutrition Examination Survey (NHANES) that estimates infection rates 
among noninstitutionalized civilian populations and a literature review to define prevalence 
in incarcerated and unsheltered homeless populations, active duty military, and nursing home 
residents. Inclusion of the populations who were not surveyed by NHANES increased the 
number of viremic (actively infected) individuals by 0.25 million.*?! Disparities associated 
with sex and race have been noted. Estimated HCV RNA prevalence is 1.5 to 2.5 times 
higher in males when compared with females.*”° When stratified by race, HCV RNA 
prevalence is highest among the non-Hispanic Black population (2.43), followed by non- 
Hispanic White (1.05) and Hispanic/other (0.74) populations.*”° Genotype distribution also 
differs by race and geography,”°! a consideration in DAA treatment with some non—pan- 
genotypic regimens. 


Prevalence among the civilian noninstitutionalized population estimated from the most 
recent NHANES spanning 2013 to 2016 (0.9%)7*! is lower than the estimate from the 2003 
to 2010 survey (1%).'*° This difference may reflect continued mortality (HCV-related and 
all-cause) and an impact of DAA therapy. Reductions associated with mortality and treatment 
may be offset by a changing epidemic of HCV transmission in the United States.°74728.54? 
The annual incidence of acute HCV infection rose from 0.3 to 0.7 cases per 100,000 from 
2004 to 2014, an increase in the overall rate of 133% (Fig. 8.13).°4° The greatest increase, 
and cause for concern, occurred among non-Hispanic Whites and Hispanics in the 18 to 29 


(400%) and 30 to 39 (325%) age groups.®*° This increase was directly related to an epidemic 
of opioid and heroin drug use (Fig. 8.13).°*° A survey of data from the National Notifiable 
Diseases Surveillance System also documented a doubling of the number of reproductive- 
aged women with acute or past or present HCV infection between 2006 and 2014.44” 
Estimated HCV prevalence was 3.2 times higher for children aged 2 to 3 years when 
compared with the 12- to 13-year age group.**’ Reasons for this disparity are not known, but 
may reflect in part a decrease in testing frequency among older children once HCV status is 
established, or spontaneous clearance of infection that occurs at an older age in children.**” 


2,500 


2,000 


—_ 
On 
oO 
-) 


Cases, No. 
fo 
=) 
o>) 


0 
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 


Year 


FIGURE 8.13 Cases of HCV infection by year reported to the National 
Notifiable Disease Surveillance System, United States. The annual incidence 
rate of acute HCV infection increased by 133% from 2004 to 2014 due to an 
epidemic of opioid use. (From Zibbell JE, Asher AK, Patel RC, et al. Increases 
in acute hepatitis C virus infection related to a growing opioid epidemic and 
associated injection drug use, United States, 2004 to 2014. Am J Public Health 
2018;108(2):175—-181, with permission. ) 


Global Molecular Epidemiology and Origin 


The seven HCV genotypes are not uniformly distributed globally or regionally (Fig. 
8.14).499°97 Genotype 1 is prevalent worldwide. HCV prevalence is highest, and genetically 
most diverse, in Africa.*°? Genotype 3 is dominant in the Asia South region. Genotype 4 is 
found almost exclusively in the North Africa/Middle East and sub-Saharan Africa Central 
and Eastern regions.*°° The global distribution of HCV genotypes and subtypes has been 
shaped by human migration, catastrophic events including war, and early widespread 
adoption of medical practices like transfusion before infectious diseases risks were 
appreciated. Of the 86 recognized HCV subtypes, only a few that represent a small fraction 
of HCV diversity account for the overwhelming majority of infections worldwide.*9*©° 
Epidemic subtypes 1a, 1b, 2a, and 3a spread rapidly in most regions of the world over the 
past 50 to 100 years with the development of practices that promoted parenteral 
exposure.?!4914.695 Bayesian evolutionary analysis has provided insight into the 
spatiotemporal spread and probable causes of epidemic transmission of these subtypes. Most 
studies are consistent with spread of genotype 1 viruses, the most widely dispersed globally, 
from approximately 1940 until a plateau was reached about 4 to 5 decades later. 
Phylodynamic analyses are consistent with global expansion of subtype 1b in the early 
decades by iatrogenic transmission through transfusion, reuse of needles, and other 
procedures that caused exposure to contaminated blood. Spread of genotype 1a in later 
decades was likely facilitated by injection drug use until harm reduction practices for PWID 
became commonplace.!*°-4°!!4 The impact of widespread use of nonsterile needles on HCV 
spread in the middle of the 20th century is exemplified by campaigns to treat schistosomiasis 
in Japan and later Egypt.°!* For example, the extremely high prevalence of HCV genotype 4a 
in Egypt that persists until today can be traced to mass distribution of antischistosomal 
medication with unsterilized injection equipment between 1930 and 1950.°!+°!® 
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FIGURE 8.14 Global distribution of medically relevant HCV genotypes. 
HCV prevalence is highest, and genetically most diverse, in Africa. Genotype 1 
is prevalent worldwide. Genotype 3 is dominant in the Asia, South region. 
Genotype 4 is found almost exclusively found in the North Africa/Middle East 
and sub-Saharan Africa Central and Eastern regions. (Reprinted from Global 
prevalence and genotype distribution of hepatitis C virus infection in 2015: a 
modelling study. Lancet Gastroenterol Hepatol 2017;2(3):161-176. Copyright © 
2017 Elsevier. With permission. ) 


Endemic spread of HCV genotypes is also apparent from phylogenetic studies that 
demonstrated highly divergent subtypes of the same genotype in geographically contiguous 
areas. By this measure, HCV genotype 2 is considered endemic in West Africa, genotypes 1 
and 4 in Central Africa and the Middle East, and genotype 6 in Asia.97°71487541613 This 
pattern is consistent with circulation of a given genotype in a defined geographic location for 
hundreds or thousands of years long-standing association of the virus with human 
populations.°°* This concept is supported by recent estimates of the time to most recent 
common ancestor (t(\MRCA) for these endemic genotypes. The tM™RCA for genotype 3 in 
South Asia and the ancestor of genotypes 1 and 4 in Central Africa were estimated to be in 
the 800 sce to 700 ce range, while genotype 6 endemic in Southeast Asia had an estimated 
origin of at least 2,000 years ago.*!© 


Estimates of tMRCA for the seven HCV genotypes range from approximately 1,000 to 


3,000 years ago,.7!©429,442,614,695,704 These estimates for HCV genotypes are in the same time 
frame (or perhaps slightly earlier) than the tMRCA of ce 1100-1800 estimate for equine 
hepaciviruses.*!®°!® These estimates do support the concept that HCV entered human 
populations relatively recently, although it must be acknowledged that extrapolation of short- 
term substitution rates to longer evolutionary periods has limitations. It is conceivable that 
human HCV originated from a cross-species transmission event, a possibility that seems 
plausible with the recent isolation of hepaciviruses from a variety of disparate species. From 
an evolutionary perspective, however, the animal hepaciviruses discovered to date are 
probably too distant from the diverse constellation of HCV genotypes and subtypes found in 
humans to have an ancestral relationship. 


CLINICAL FEATURES 


Acute HCV 


Acute HCV infection is usually asymptomatic, though a minority of persons will 
present with more typical symptoms of acute viral hepatitis (malaise, fatigue, anorexia, 
nausea, abdominal pain, jaundice, dark urine, and sometimes pale stool). While HCV can 


cause fulminant hepatitis, this presentation is rare.9°249394814,817,825 Th general, the latent 
period (from exposure to symptoms or laboratory abnormalities) is approximately 7 weeks 


(range 1-16 weeks) (Fig. 8.6).°** In many cases, the only sign of acute infection may be 
elevation of hepatic transaminases.'!34792 


134,524 


Most exposures that result in HCV infection are percutaneous (see Transmission), after 
which hematogenous infection of the liver is presumed to occur. Viremia is detectable within 
days°** and reaches levels of 10° to 10’ [U/mL within weeks (Fig. 8.6). A decrease in 
viremia 1 to 2 weeks later is associated with expansion of HCV-specific T cells and in some 
individuals a sharp rise in hepatic transaminase levels in blood (see Immune Responses) (Fig. 
8.6). This sharp ALT increase is thought to result from immune-mediated cytolysis by 
adaptive responses as the virus is not considered to be directly cytopathic.? 84197924684 
HCV-specific cytotoxic CD8+ T cells are detected individuals who clear infection regardless 
of whether a sharp transaminase increase is observed.’*° This suggests that control of 
infection may be mediated in some individuals by noncytotoxic mechanisms involving 
production of antiviral cytokines.’“? The mechanism of acute phase liver injury, when it is 
observed, is likely to be complex. One recent study established an association between host 
IFNL4 genotype and symptoms of acute hepatitis C that could explain the higher 
spontaneous clearance observed in some patients with symptomatic disease.°°° 


A low oscillating pattern of viremia can persist for up to a year until resolution (Fig. 


8.6).2”4’9 Protective sterilizing immunity is uncommon after spontaneous resolution of 
infection, if it occurs at all. Reinfection is associated with a reduced duration and magnitude 


of viremia, and the risk of persistent infection is decreased (Fig. 8.6).12%260:484,959,653 a 


similar drop in viremia is observed in many acute persisting infections (Fig. 8.6). After 
several months, it reaches a higher set point that is stable or increases gradually over a 
lifetime of persistent HCV replication (Fig. 8.6).*’4 Transient partial control of HCV 
replication is not observed in some individuals following a chronic course, suggesting an 
absence of apparent immune control during the acute phase of infection (see Immune 
Responses). Late spontaneous resolution has been observed®! but is rare when treatment is 
not initiated and spontaneous clearance does not occur within 12 months. 


Predictors of Spontaneous Clearance 


Spontaneous clearance of HCV RNA usually occurs within 6 months of infection and is 
associated with having overt symptoms of hepatitis, non-African descent, and lack of HIV 
infection.**,”° GWAS have identified significant associations between spontaneous 
clearance of HCV infection and the IFNL locus.°°*°*:7°4 The compound dinucleotide 
polymorphism rs368234815-AG or rs368234815-TT located in exon 1 of IFNL4 is most 
notable from a functional perspective, as a AG/AG haplotype results in production of IFN-A4 
and a higher risk of persistent infection (see Innate Immunity).°!* The protective IFNL 
genotypes are also more frequently found in Asians and least frequently among persons with 
African ancestry, in keeping with the clinically observed effect of race.2°*+°*?:/94 HLA class I 
and II associations with the outcome of acute infection have also been 
observed. 107:211238,280,481,503,750,790,844 Snhecific class II alleles that associate with 
spontaneous clearance (HLA-DQB1*03:01, DRB1*01:01, DRB1*03:01, and HLA- 
DRB1*11:01) or _ persistence (DQB1*02:01) have been identified in multiple 
studies, 167.238,280,503,750,790 The JFNL and MHC association has been confirmed by meta- 
analysis, including one study that provided a dense multiracial GWAS analysis that included 
individuals of African ancestry.’°? This study provided an additional association with G- 
protein-coupled receptor 158 gene (GPR158). These three loci FNL, MHC, and GPR18) 
had independent, additive effects on HCV clearance. Persons of African or European 
ancestry carrying all six clearance-associated variants were 24-fold and 11-fold, respectively, 
more likely to clear HCV infection when compared with individuals carrying one or none of 
them.*°4 


Chronic HCV 


The level of HCV RNA in the blood tends to be stable over long periods of time in chronic 
hepatitis C, within 1 log,) of 10° IU/mL in 90% of individuals. Conditions associated with 
modest increases include HIV infection, male gender, and increasing age and body mass 
index, whereas lower levels may be found in those with ongoing HBV infection and more 
advanced stage of liver disease.7}127998,752,755,761 Chronic HCV infection is a heterogeneous 
condition, with highly individual manifestations and rates of progression (Fig. 8.15).2%8 
Associated morbidity and mortality occur almost exclusively when the disease progresses to 
cirrhosis and end-stage liver disease that may manifest as hepatocellular carcinoma (HCC). 


Chronic HCV infection is characterized by high-level viremia and fluctuating hepatic 
inflammation and transaminase levels,*°*°°*®9 yet chronically infected people typically 
have few symptoms that are directly attributable to HCV infection. It is difficult to establish a 
causal relation between HCV and nonspecific symptoms, though they do tend to improve 
after successful therapy.?°77° 
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FIGURE 8.15 Progression of hepatitis C virus (HCV) infection. Most HCV 
infections are persistent and stable, but a minority will progress to cirrhosis 
within 20 to 30 years. Of those with cirrhosis, most are slowly progressive, but 
7% per year will develop either hepatocellular carcinoma (HCC) or 
decompensated liver disease. 


Chronic HCV infection is associated with varying degrees of chronic inflammation and 
steatosis. Lymphocytic infiltrates are typically found in periportal regions of the liver (Fig. 
8.16), though these do not correlate strongly with liver disease progression.°”® For reasons 


that are not clear, many individuals will not develop significant fibrosis despite decades of 
high-level viral infection, while others have more production than resorption of collagen, also 
initially in the periportal region. This process may be stable or progress to formation of septa 
that expand to form bridges between lobules, and further expansion may result in the severe 
scarring and regeneration that characterize cirrhosis. Increasing portal venous pressure may 
lead to portal hypertension, and neoplastic transformation may lead to HCC, hallmarks of 
end-stage liver disease. 
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FIGURE 8.16 Histology illustrating progression of hepatitis C virus (HCV)- 
related liver disease. A: Normal portal tract (hematoxylin and eosin [H&E] 
stain). B: Portal inflammation (H&E stain). C: No fibrosis (trichrome stain). D: 


Bridging fibrosis (trichrome stain). E: Cirrhosis (trichrome stain). F: 
Hepatocellular carcinoma (HCC) (H&E stain). (Courtesy of Michael Torbenson, 
MD.) 


The risk of fibrosis is associated with IFNL4 genotype through viral and/or nonviral 


mechanisms that have not yet been identified,'+°°!°!!8* but extend the pervasive effect of 
polymorphisms linked to IFN-A4 production on HCV pathogenesis. Studies demonstrating 
that the JFNL4 CC genotype (associated with clearance of infection) is linked to more severe 
fibrosis in those who are chronically infected°°1®* are consistent with higher rates of chronic 
infection with milder inflammation and slower progression of fibrosis among people of 
African descent.!2>74° 

Of note, liver disease progresses slowly in children with vertically transmitted HCV. 
Liver inflammation with no or very mild fibrosis is often evident in children who were 
infected as infants. Only 1% to 2% develop cirrhosis,?”°°** but it is likely that they will 
develop serious liver disease over a lifetime of persistent HCV replication if 
untreated.2°6°!4,929 


Alcohol consumption is frequent in persons with chronic HCV and is strongly associated 
with liver disease progression.!®°84 Along with its well-known hepatotoxicity, alcohol use is 
associated with reduced access to and early discontinuation of HCV _ treatment.?%* 
Elimination of alcohol consumption should be attempted to reduce complications in all 
persons with chronic HCV.742249908,710,822 


Chronic HCV infection is also associated with metabolic dysfunction including insulin 
resistance, type 2 diabetes, lipid derangement, and steatosis that may be more common in 


(but not exclusive to) persons infected with HCV genotype 3.!90,304,469,483,543 This 
association is stronger for HCV than for HBV, suggesting that the mechanism may be 
specific to HCV.°878° Potential contributing mechanisms to metabolic dysfunction in HCV 
include down-regulation of hepatocyte insulin receptor substrate 17! and glucose transporter 
2°40 and up-regulation of PP2A.°°-'®8 Flares of hepatitis (with elevated serum transaminases 
and/or bilirubin), common in HBV infection,”®° are rare in chronic HCV and should prompt a 
search for other causes. For example, acute HAV infection during chronic HCV infection 
may be associated with severe acute hepatitis, including liver failure’®’; for this reason, 
persons with chronic HCV infection should be vaccinated for HAV and HBV if susceptible. 


Hepatocellular Carcinoma 


HCC is a growing problem in countries like the United States with relatively recent HCV 
epidemics and is a major established problem in countries like Japan and Egypt where the 
epidemic of HCV infection occurred 10 to 20 years earlier. This is consistent with studies 
demonstrating a lag of approximately 40 years between onset of transfusion-associated 


chronic hepatitis C and HCC diagnosis.*°° Chronic HCV infection is strongly associated with 
development of HCC.!7%429:9° The risk of HCC is increased approximately 17-fold in 


individuals with chronic hepatitis C when compared with uninfected controls.'©° Moreover, 
serologic or virologic evidence of HCV infection is found in serum and liver tissue in 


approximately 40% of patients with HCC.® 


Successful eradication of HCV with IFN-based therapy dramatically reduced but did not 
eliminate risk of HCC.°8:!77916931955 There is now sufficient experience to conclude that 
IFN- and ribavirin-free DAA treatment also does not increase,°?°"” but instead substantially 
decreases, the probability of developing liver cancer by more than 70%,.!00.310.337 
Importantly, after SVR, the absolute risk of developing HCC remains high at approximately 
1% per year in patients with established cirrhosis, so continued monitoring is recommended. 
This may reflect persistence of epigenetic alterations associated with liver cancer after a 
sustained virologic response (SVR).?’’ Two small uncontrolled trials suggested a higher rate 
of HCC recurrence in DAA-treated patients,!*°-°°* but larger studies have so far not 
confirmed this effect.2©1!7:302:939 Prom these studies, it can be concluded that DAA treatment 
should be undertaken before development of cirrhosis. 


Mechanisms of hepatocarcinogenesis in chronic hepatitis C are not known. Repeated 
cycles of hepatocyte destruction and regenerative cell proliferation caused by the chronic 
inflammatory process could promote tumorigenesis. This mechanism is consistent with 
significantly higher rates of HCC (~1%—4% per year) in patients after several years of 
inflammatory liver disease leading to cirrhosis.°4°*-199.277,429,655,696 The possibility that HCV 
contributes directly to development of HCC can’t be excluded, but it should be emphasized 
that HCV has no potential for integration of viral RNA sequences into the host genome. 
Induction of protooncogenes and suppression of apoptosis have been observed by 
overexpression of the core protein under control of a strong promoter in rodent 
models, 108: 114,116,471,626-628,726,842 FCC developed in the absence of inflammation, 


suggesting a direct oncogenic effect of the transgenic HCV core.*!©°!9 As noted above, HCC 
in the absence of cirrhosis is a rare occurrence, and it is perhaps more likely that the virus 
acts by altering the intracellular environment through activation of protooncogenes like p- 
catenin or disruption of tumor suppressor pathways involving retinoblastoma protein Rb and 


the RNA helicase DDX3.1°°9°4527 Function of the tumor suppressor proteins like p53 may 
also be modulated through direct interaction with HCV proteins°?’ or as a function of PKR 
activation in the infected cell.°°? Model systems suggest that HCV may also act by induction 
of reactive oxygen species and oxidative stress.°~° 

Insights from human studies are limited. Activation of the telomerase reverse 
transcriptase promoter may be a frequent early neoplastic event in HCC, including cases 
associated with chronic HCV infection.°*’ Hepatic epigenetic changes associated with liver 


cancer risk have been reported to persist after DAA treatment of chronic hepatitis C.2”” 
Genetic variants associated with HCC risk in patients with chronic hepatitis C have been 


assessed by GWAS. For instance, polymorphism rs17047200 in the tolloid like gene 1 


(TLL1) was associated with development of HCC after SVR.*”* Other polymorphisms in or 
near HCP5, PNPLA3, DEPDC5, and MHC loci have been associated with progression to or 


rotection from cirrhosis or HCC.2°°293:412;502,771,778 The mechanistic significance of these 
p 
polymorphisms is not yet understood. 


Extrahepatic Manifestations 


Chronic HCV infection is associated with a wide variety of extrahepatic manifestations that 
are mostly inflammatory in nature.?? A common feature of these conditions is chronic 
inflammation. Essential mixed cryoglobulinemia, a condition in which cold-precipitating 
immune complexes are deposited in multiple organ systems, is strongly associated with HCV 
infection, though other inflammatory conditions may be implicated. Manifestations often 
include purpuric rash, weakness, and joint pain but may also include Raynaud syndrome and 
vasculitis complicated by membranoproliferative glomerulonephritis and neuropathy.?)*°8.°°° 
The chronic stimulation of B cells implicated in HCV-related cryoglobulinemia®! may also 
explain the elevated risk of non-Hodgkin lymphoma.!4° PCT, characterized primarily by 
disorders of the skin (blistering, hyperpigmentation) and nails (onycholysis) worsened by sun 
exposure and complicated by scarring, is associated with liver disease and is caused by 
reduced activity of uroporphyrinogen decarboxylase. It is a multifactorial disease, potentiated 
by mutations in the HFE gene (associated with hereditary hemochromatosis and found in 
15% of persons with PCT), as well as HCV infection, alcohol, and estrogen use—all of 
which should be evaluated in persons presenting with PCT.°’ Thyroiditis and antithyroid 
antibodies have been associated with chronic hepatitis C by meta-analysis, though the 
mechanism remains unclear.*° 


SVR following DAA _ therapy can provide’ relief from mixed 
cyroglobulinemia.9*!2©179295,5°9 Clinical and immunological improvements may not be 
immediate, however.'’? Approximately 60% of patients had complete or partial resolution of 
mixed cryoglobulinemia 12 weeks after completion of therapy in one study.!”? Consistent 
with gradual improvement after SVR, clinical outcomes improve with longer follow- 
up.!7°79 Recovery of affected organ systems may not be uniform, with less success in 
resolving renal and neurologic complications.!*°!’9 Regression and prevention of relapse of 
non-Hodgkin lymphoma associated with DAA therapy has been reported (reviewed in 
Ref.3%) 


DIAGNOSIS 


HCV infection is suspected in persons with otherwise unexplained liver disease. In 
asymptomatic persons, this infection should be suspected in any person reporting risk factors 
for infection (see Epidemiology) or having elevated hepatic transaminases even in the 


absence of known risk factors, because the infection is highly prevalent. Because of shared 
risk factors and increased severity of disease, the U.S. Public Health Service recommends 
HCV testing for all HIV-infected persons upon entry into health care.’°° Because more than 
two-thirds of persons with HCV infection in the United States were born between 1945 and 
1965, the U.S. Public Health Service has recommended that everyone in that “birth cohort” 
be tested once for HCV infection.’”°° The cost-effectiveness of birth cohort testing has 
already been demonstrated.®*° Retrospective analysis demonstrated that 68% of persons with 
HCV infection would have been identified with a birth cohort testing strategy whereas only 
27% would have been screened with the risk-based approach.*°* A recent survey of screening 
practices in 51 high-income countries in the top quartile of the United Nations Human 
Development Index (HDI) countries revealed consistent risk and age-based recommendations 
similar to those in place in the United States.*'! Screening recommendations may be 
reconsidered in the near future for additional populations. Simulations indicate that expanded 
screening for those greater than 18 years of age is cost-effective.*? Screening pregnant 
women is also under debate given the sharp increase in new HCV infections associated with 
opioid use and risk of vertical transmission.!04°73 


Differential Diagnosis 


Other viral causes of acute hepatitis (described in Clinical Features) include the named 
hepatitis viruses (HAV, HBV with or without the delta hepatitis agent, or hepatitis E virus), 
yellow fever virus, and a wide range of viruses with broader tropism including Epstein-Barr 
virus and cytomegalovirus. In immunocompromised hosts, adenovirus and other agents with 
broad tropism can also cause hepatitis. Nonviral causes of acute hepatitis include 
leptospirosis, tuberculosis, rickettsia and rickettsia-like organisms, numerous toxins (alcohol, 
acetaminophen, isoniazid, and Amanita  phalloides toxin being prominent), 
anoxia/hypoperfusion, and autoimmune disease. Chronic hepatitis may be caused by HBV 
and occasionally HEV (in immunocompromised hosts), as well as nonviral etiologies (e.g., 
toxoplasmosis, autoimmune hepatitis, and nonalcoholic steatohepatitis). 


Laboratory 


Algorithms for laboratory diagnosis of HCV infection are available for guidance on use and 
interpretation of assays to detect serologic responses and viral genomes.!°? Most persons 


recommended for HCV screening are tested initially for serum antibodies against HCV.102-!8° 
A laboratory-based enzyme immunoassay (EIA) incorporating HCV proteins is most 


commonly used.*!®° Rapid diagnostic assays that detect antibodies in whole blood by finger- 
stick capillary or oral (cervicular) fluid are also available, avoiding venipuncture and costly 
blood processing procedures. One point-of-care assay that delivers a result in 20 minutes 


with sensitivity and specificity similar to the EIA is available in the United States.*!° 


A positive test result for HCV antibody indicates either current infection that is acute or 
chronic, past infection that has resolved, or a false-positive result.°’* An HCV nucleic acid 


test (NAT) to detect viremia is necessary to confirm active HCV infection and guide clinical 
management, including initiation of HCV treatment. HCV RNA testing is recommended for 
persons with a negative HCV antibody test who either are immunocompromised (e.g., 
persons receiving chronic hemodialysis) or might have been exposed to HCV within the last 
6 months because these persons may be HCV antibody negative. An HCV RNA test is also 
required to detect reinfection in HCV antibody—positive persons after previous spontaneous 
or treatment-related viral clearance or in vertically exposed infants prior to loss of 
transplacentally acquired maternal antibodies. Quantitative or qualitative NAT with a 
detection limit of 15 to 25 IU/mL or lower is used to detect HCV RNA. 


HCV genotype is an important variable in DAA treatment decisions, particularly in 
patients with prior treatment experience or cirrhosis who will not be treated with a pan- 
genotypic regimen.”!®° Genotyping is performed with an assay (typically line probe) that 
targets the 5’ NTR to accurately discriminate subtype 1a from 1b.'!® A second target, from 
either core or NS5B coding region, is also incorporated into the test.1!® 


Prevention and Control 


Treatment 


Antiviral therapy for chronic HCV infection has undergone revolutionary change since 2013. 
Type I interferon alpha (IFN-a), the comerstone of HCV therapy for almost 30 years, has 
been replaced by combinations of two or more DAA that inhibit function of the HCV 
NS3/4A protease, NS5A replicase factor, and/or NSSB RNA-dependent polymerase required 
for virus replication. A brief recounting of major milestones in the type I IFN treatment era 
provides a baseline for understanding the transition to a rapid cycle of DAA development, 
licensure, and replacement over the past 6 to 7 years (Fig. 8.17). The first study of IFN-a 
monotherapy for NANBH was initiated in 1984, well before discovery of HCV in 1989.97 
Sustained normalization of liver function and resolution of hepatitis were observed only in a 
subset of patients after discontinuation of therapy.*?” With development of assays for 
detection and quantification of HCV genomes, it was apparent that infection was cured in 
less than 20% of treated patients with chronic genotype 1 HCV infections.°°® Cure rates 
increased gradually over the next 2 decades with addition of the broad-spectrum antiviral 
agent ribavirin to the treatment regimen," pegylation of IFN-a to extend its half- 
life,*°°-8°3 and monitoring of the early virologic response to guide decisions on the duration 
or early discontinuation of therapy (Fig. 8.17). Approximately 80% of previously 
untreated genotype 2 and 3 infections could be cured with these modifications to therapy, but 
the success rate for most genotype 1 infections was a very unsatisfactory 40% even with 48 
weeks of treatment.*’ 


Treatment advances 
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Scientific advances 


FIGURE 8.17 Timeline of scientific and treatment advances leading to 
highly effective pan-genotypic direct-acting antiviral therapy. The first 
exploratory trial of type IFN for cure of non-A, non-B hepatitis was initiated in 
1984, 5 years before the discovery of HCV as the causative agent. Treatment 
response rates improved gradually over 30 years, with pegylation to improve IFN 
half-life (1998), addition of ribavirin as a second antiviral (2001) and direct- 
acting antivirals targeting the NS3/4A protease (2011) and NS5B polymerase 
(2013). The first IFN-free DAA formulation was approved for use in 2014. All 
oral, pan-genotypic DAA combinations taken as single tablet once a day were 
approved for use in 2016 and 2017. Scientific advances after discovery of HCV 
in 1989 that drove DAA development include crystallization of nonstructural 
proteins NS3, NS5SA, and NSSB, the targets of current therapeutic agents. 
Development of the HCV replicon system (2000) and HCVcc replication system 
(2005) were also essential for DAA characterization. Association of IFN lambda 
(IFNL) gene polymorphisms with type IFN treatment outcome in 2009 provided 
predictive power and remains relevant given an unexpected influence on DAA 
therapy. 


Tolerability of IFN-a—based therapy was limited by fatigue, headache, nausea, pyrexia, and a 
number of other adverse effects. Other variables that reduced the cure rate and complicated 
pegIFN-a—based therapies included the stage of liver disease (cirrhosis less responsive than 
early stage) and obesity and host factors such as sex (males less responsive than females), 
age (>40 years less responsive), and race (most notably African ancestry). As detailed in 
Innate Immunity, the influence of race on pegIFN-a treatment outcome was associated with 


polymorphisms in IJFNL genes just as the transition to the DAA era began (Fig. 
8.13), 239,727,736 


The end of this treatment era was presaged by new therapies that combined pegIFN-a, 
ribavirin, and a DAA. Combination therapy with pegIFN-a, ribavirin, and a first-generation 
NS3/4A protease inhibitor (telaprevir or boceprevir) received FDA approval in 2011 for 
treatment of chronic HCV genotype 1 infections (Fig. 8.18).!7°*4* Triple therapy that 


included one of these protease inhibitors increased the cure rate to approximately 70% 
compared with 40% for pegIFN-a and ribavirin alone. Other DAA subsequently approved for 
use with pegIFN-qa and ribavirin in the United States or Europe in 2013 included a third 
protease inhibitor (simeprevir)?!°*°° and the first inhibitors of the HCV NS5SA 
(daclatasvir)!°~°° and NS5B (sofosbuvir)*°°*"” proteins. As an example, triple combination 
therapy with pegIFN-a, ribavirin and sofosbuvir yielded an overall cure rate of 92% in 
patients without cirrhosis after only 12 weeks of therapy.*°°*°” Treatment failures were not 
due to selection of NSSB resistance variants. 
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FIGURE 8.18 Direct-acting antiviral (DAA) combinations approved for use 
in Europe and the United States. Three DAA classes are used in therapy of 
chronic HCV infection targeting the NS3/4A serine protease (suffix previr), 
NSSA replicase factor (suffix asvir), and NS5A RNA-dependent RNA 
polymerase (suffix buvir). Ribbon diagrams illustrating the structure of the 
targeted HCV proteins and location of resistance-associated substitutions (RAS) 
are shown (see Chapter 7 for structural detail). The NS3 protease domain (left) is 
shown with the central NS4A activation domain (yellow) and the catalytic triad 
(His57, Asp81, Ser139) diagrammed as red sticks. Mutations that confer 
resistance to protease inhibitors are shown with side chains as colored van der 
Waals spheres. Side view of the NSSA D1 dimer structure with RAS sites 


(center). Pro58 mutations are associated with secondary resistance to daclatasvir 


but do not confer resistance on their own.22° Structure of the NSSB RNA 
polymerase is shown with the RNA binding groove, NTP tunnel (right). Five 
distinct sites (A—E) targeted by nonnucleotide inhibitors are shown with side 
chains of some amino acid residues that confer resistance to NNI. The position of 
the major resistance mutation for nucleotide/nucleoside inhibitors (Ser252) is 
indicated. Three DAA combinations that are effective against all HCV genotypes 
and subtypes are highlighted (pan-genotypic, pg). One pan-genotypic 
combination (SOF: VEL:VOX) is approved for salvage (slvg) therapy in cases of 
prior treatment failure with DAA. Effectiveness of the protease inhibitor 
paritaprevir is boosted with ritonavir (+rt) as indicated. Updates to approved 
combinations and guidelines for use are provided by the European Association 


for the Study of the Liver (EASL)!®° and the American Association for the 


Study of Liver Diseases (AASLD).* A Web-based resource is also provided by 
AASLD (HCVguidelines.org). (Adapted from Bartenschlager R, Lohmann V, 
Penin F. The molecular and structural basis of advanced antiviral therapy for 
hepatitis C virus infection. Nat Rev Microbiol 2013;11(7):482-496, with 
permission. Ribbon diagrams of targeted HCV proteins with RAS were kindly 
provided by Dr. Ralf Bartenschlager, the University of Heidelberg.) 


Based on this very promising profile, the first trials of IFN-a—free therapy were undertaken 
with sofosbuvir in combination with ribavirin, simeprevir, or daclatasvir. These early studies 
provided proof that pegIFN-a could be eliminated from treatment regimens, but also revealed 
that outcome was influenced by HCV genotype, patient treatment history, and/or severity of 
liver disease. Development and licensing of new DAA combinations that overcome these 
limitations has continued at a stunning pace since 2013 (Fig. 8.17). As detailed below, 
therapy is now converging on newly licensed DAA combinations that cure almost all 
treatment-naive patients with chronic HCV infection, regardless of genotype, with a single 
pill taken daily for 8 or 12 weeks. Options for difficult-to-treat patients with decompensated 
cirrhosis, prior treatment failure, or renal impairment have also expanded. This almost 
certainly represents one of the most impressive triumphs of antiviral drug development in 
recent history. 


Treatment endpoints and goals 


The endpoint of antiviral therapy is to permanently clear HCV RNA from circulation. 
Undetectable HCV RNA genomes in serum or plasma at 12 weeks (SVR12) or 24 weeks 
(SVR24) after completion of DAA therapy are considered a cure as the risk of relapse is less 


than 1%.*°” Quantitative or qualitative NAT assays with a lower detection limit of 15 


international units (IU) (or less) of HCV RNA per ml of serum or plasma are the standard for 
determining SVR.4° SVR24 can also be established using an EIA for circulating HCV core 
antigen if it is measurable in patients before initiation of treatment.!+1!9.120.224 

The goal of antiviral therapy is to reverse or arrest chronic progressive liver disease 
related to HCV infection. Benefits to health and quality of life afforded by cure of chronic 


HCV infection were established in the era of type I IFN-based therapy. Termination of 
chronic infection by antiviral therapy decreases liver necroinflammation and fibrosis in 


patients without cirrhosis.°°° Patients with advanced fibrosis remain at increased risk for 
serious liver diseases,’°* but progression of fibrosis and clinical manifestations including 


portal hypertension and splenomegaly improve.°”* Resolution of cirrhosis is observed in 
approximately half of cured infections, and a sharp reduction (>70%) in the risk of liver 


cancer is a consistent finding across studies.°°°°°>!° Extrahepatic diseases associated 
with chronic HCV infection such as cyroglobulinemia!®9°9°497,9® and lymphoproliferative 


disorders**>-+”4,’>4 also improve with antiviral cure (see Extrahepatic Manifestations). The 
benefit of curative antiviral therapy is underscored by dramatic reductions in the risk of liver- 


related and all-cause mortality®!°°!® and markedly improved quality of life.”°.°*° It is now 
apparent that DAA therapy expands the health benefits of antiviral cure to chronically 
infected patients with severe liver disease who were often poor responders to pegIFN/riba 


therapy. 100.366.378,.571,783 Tn one large study of patients with advanced liver disease and 
comorbidities followed for almost 3 years after DAA cure, a significant reduction in liver- 


related and all-cause mortality and HCC was observed.!°° As noted above, approved DAA 
regimens are remarkably safe, and so far no direct long-term impact on health has been 
observed except for an increased risk of HBV reactivation in some coinfected patients that is 


as yet not fully unexplained.®*°2° 


Current treatment landscape 


DAA therapies are approved for all adults and children 12 years of age or older with chronic 
hepatitis C. Several studies have demonstrated safety and effectiveness of IFN- and ribavirin- 


free DAA regimens in children as young as 3 years old.*!9:!78.928,964,667 A nproval of these 
therapies for children under 12 years of age is expected in the near future.°°° Treatment is 
highly cost-effective when compared with deferral until chronic infection is established.?” 


Treatment of chronic HCV infection is based upon a complex matrix of factors that must 
be considered when selecting effective DAA combinations.*'®° Patient-related factors of 
importance include HCV genotype or subtype, treatment history with early-generation DAA 
that may have selected for resistant variants, pregnancy, and comorbidities such as 
compensated or decompensated cirrhosis, impaired kidney function, and HCV/HBV 
coinfection.*!®° These factors must be considered when selecting the optimal DAA 
combination and duration of therapy to maximize the probability of achieving SVR while 
minimizing health risks in those with comorbidities. This complexity, along with the rapid 


cycle of DAA approval and withdrawal and refinements to therapy duration, precludes a 
detailed description of treatment options for chronic hepatitis C. Treatment of acute hepatitis 
C, defined as the first 6 months of infection, is recommended to prevent progression to 
chronic hepatitis C, onward transmission of the virus, or loss to follow-up. The reader is 
directed to evidence-based guidelines provided by the European Association for the Study of 
the Liver (EASL),'®° the American Association for the Study of Liver Diseases (AASLD), 
and the Infectious Diseases Society of America (IDSA) who jointly publish updates* and 
provide detailed web-based guidance for pre- and on-treatment assessment, DAA regimen 
selection, and posttreament follow-up where required (www.HCVGuidelines.org). The World 
Health Organization also publishes guidance for treatment of chronic hepatitis C 
(www.who.int/hepatitis/publications/hepatitis-c-guidelines-2018). 


Eleven single or coformulated DAA were available for use in the United States at the 
close of 2018 (Fig. 8.18). DAA carry a suffix that identify inhibitors targeting the NS3/4A 
protease (previr), the NS5A replicase factor (asvir), or the NS5B RNA polymerase (buvir) 
(Fig. 8.18). Some DAA combinations have restricted use because they are not active against 
certain HCV genotypes, are toxic in the setting of advanced liver or kidney disease, interact 
with other drugs, or are ineffective in the setting of retreatment. As an example, genotype 3 
infections are more difficult to cure for reasons that are not understood and fewer DAA 
regimens are available for treatment. 


Two DAA combinations approved for use in 2016 (sofosbuvir and velpatasvir, 
SOF: VEL) and 2017 (glecaprevir and pibrentasvir, GLE:PIB) provided a significant advance 
in treatment of HCV infection. Both have pan-genotypic antiviral activity and cure almost all 
chronic HCV infections when taken orally as a single pill once per day. In open-label trials 
(POLARIS-2 and POLARIS-3) of SOF:VEL for 12 weeks, 96% to 98% of patients 
representing all HCV genotypes with and without compensated cirrhosis achieved an 
SVR.°!” Shortening therapy to 8 weeks failed to show noninferior efficacy,'®° and so this 
pan-genotypic combination is currently approved for 12-week regimens. Efficacy of the 
GLE:PIB combination was established in a series of 8- to 16-week treatment trials involving 
patients with and without comorbidities (cirrhosis and kidney disease) and inclusive of six 
HCV genotypes. SVR rates approaching 100% were observed against most genotypes 
(ENDURANCE 1, 2 and 4; SURVEYOR-1),**°** including those with compensated 
cirrhosis (EXPEDITION-1)*!’ and severe kidney disease (EXPEDITION-4)*”” reflecting the 
limited metabolic activity of GLE and PIB in the liver and kidney. Very high SVR rates were 
also documented in liver and kidney transplant recipients with chronic hepatitis C (Magellan- 
2).°°! GLE:PIB is currently approved for 8 weeks of therapy in noncirrhotic patients infected 
with any HCV genotype. A longer (12-week) course of therapy is recommended under 
several circumstances including compensated cirrhosis, kidney disease, and liver and kidney 
transplant. Prior treatment experience with NS5A and NS3/4A DAA also adds complexity for 
GLE:PIB and SOF:VEL (see www.HCVGuidelines.org for details). A third pan-genotypic 
regimen approved in 2017 (SOF:VEL plus voxilaprevir, VOX) provides salvage therapy for 
those who failed prior DAA treatment due to emergence of stable resistant variants (Fig. 
8.18). Importantly, large-scale postlicensure studies have demonstrated that the very high 


DAA cure rates observed in clinical trials are mostly replicated in a real-world setting, with 
low rates of discontinuation or adverse events.**+®*.9° Improved real-world SVR rates also 


extend to patients with advanced liver disease®°* and genotype 2 or 3 infections*°>8°° who 
were difficult to cure with early-generation DAA combinations. 


Mechanism of DAA action and resistance 


The structure of HCV NS3 protease and NS5B polymerase proteins, how they function 
within the virus replication cycle, and DAA inhibition of enzymatic function are now well 
defined.*°7°+ NS5A lacks enzymatic activity, and the functions that are impaired by DAA to 
achieve viral suppression remain somewhat less certain. The requirement for combination 
therapy with at least two classes of current-generation DAA underscores the tremendous 
potential of HCV for adaptive mutation and susceptibility of all three targeted NS proteins to 
resistance mutations. The rapid response of the HCV quasispecies to DAA selection pressure 
is explained by a high inherent replication rate, the error-prone replicase function of NS5B, 
and capacity for compensating mutations elsewhere in the viral genome (see Infectious Agent 
for details). Substitutions in the HCV genome that confer resistance to antiviral agents are 
termed resistance-associated substitutions (RAS).°’? HCV quasispecies populations that carry 
RAS are defined as resistant variants (RAV).°”? Emergence of RAV while on treatment is 
termed a virological breakthrough, while resurgence of virus replication after cessation of 
therapy is called a relapse. There is a consensus that baseline (i.e., pretreatment) RAS do not 
have an impact on DAA treatment outcome if present at a frequency of less than 15%, which 
is approximately equivalent to the lower limit of sensitivity (10%—25%) for the widely used 
Sanger sequencing method.°”? As noted above, the importance of RAS testing before 
treatment has diminished for current frontline pan-genotypic therapies.~!®° The structure and 
function of the NS3/4A protease, NS5A replicase factor, and NS5B polymerase in the HCV 
replication cycle are detailed in Chapter 7 but are reviewed briefly below to provide a 
foundation for understanding the current concepts of inhibitor function and _ antiviral 
resistance. RAS active against each inhibitor class have been catalogued.’°° Use of DAA to 
suppress HCV replication in cell culture models has provided important insight into the 
emergence and fitness of RAS,*’?°° as well as antiviral potency*© and the virus replication 
cycle.52-478 


Virologic response to DAA treatment. A detailed profile of HCV RNA decline in serum 
after treatment with pegIFN/riba was obtained by frequent sampling of patients after 


initiation of therapy.°*’ A delay of about 8 hours observed before the initial decline in 
viremia was attributed to the time required for IFN to initiate an ISG response. A rapid 
decline in HCV RNA from serum over the ist day occurs with a calculated half-life of 


approximately 2.7 hours.°*’ From the decay kinetic, virus production was calculated as 10!" 
to 10!* virions per day to maintain the typical viral titers of 10° RNA genomes/mL of serum 
observed during untreated chronic infection.°*’7 A much slower decline after day 2 is 
attributed to gradual loss of infected cells that are not replaced.°*” 


A decline in viremia is observed within 2 hours of initiating DAA therapy, and the first 
and second phases of viral decline are substantially shorter than for pegIFN/riba therapy.?°° 
The analysis of viral decay kinetics on DAA therapy has provided insight into the mechanism 
of action of different DAA classes and to predict duration of treatment. As an example, the 
first phase of viral decline is much faster during treatment with NS5SA inhibitors when 
compared with NS5SB inhibitors or pegIFN/riba.*°**°°7°” A 1,000-fold decline in serum 
HCV RNA titer 12 hours observed after a single dose of the NS5A inhibitor daclatasvir*? 
would predict a half-life of 45 minutes*®° versus the estimated 2 to 3 hours based on the 
response to IFN-based therapy.°*’ As noted below, studies of NS5A antiviral 
mechanisms°~°*’**78 and mathematical modeling*® demonstrated that accelerated decay is 
due to a dual mode of action that includes rapid inhibition of viral export from infected cells 
in addition to suppression of HCV RNA replication. 


The shortened second phase of viral decline under DAA treatment may not be explained 
by cell death alone. Cure of infected hepatocytes by highly effective drugs is an alternate 
explanation that is consistent with elimination of replicating HCV genomes from cultured 
cells by prolonged treatment with protease or polymerase inhibitors.°+°* Decay kinetics can 
also be employed to estimate the duration of DAA therapy required to cure infection. From a 
theoretical perspective, cure is defined as less than 1 virus particle in extracellular body fluid 
or less than one infected cell, a concept known as the cure boundary.7°°”°” The decay kinetic 
of viremia in patients treated with combined protease and polymerase inhibitors yielded an 
estimate of approximately 8 to 12 weeks to cure in the absence of viral breakthrough.**! This 
estimate is consistent with the recommended minimum duration of treatment for the two pan- 
genotypic DAA combinations that have a high barrier to resistance (8 weeks for GLE:PIB 
and 12 weeks for SOF:VEL in treatment-naive patients). Low SVR rates in patients treated 
with 4- or 6-week ultrashort DAA regimens further support this estimate.°49°°7°° 


Inhibitors of the NS3/NS4a protease. The HCV NS3 protein has protease and helicase 
activities, but only the former has been targeted for antiviral development because of 
structural similarities between NS3 and cellular helicases.*° NS3 protease function requires a 
physical association with the NS4A cofactor for tethering to the membranous web where 
HCV replicates and for stabilization of the NS3 protease domain and substrate recognition 
site.4°,7>°9 The active site of the NS3 serine protease is a cleft formed by two f-barrel 
subdomains with a chymotrypsin-like structural fold (Fig. 8.18).47>°9 Specificity of the 
protease is defined by a substrate motif consisting of an acidic residue at position P6 (6 
amino acids N-terminal of the cleavage site), a cysteine residue at position P1, and small 
amino acid side chain at the P1’ site (immediately after the cleavage site).*”* Low substrate 
specificity imparted by this motif and weak interactions along an extended surface of the 
protease active site may facilitate cleavage of adapter proteins MAVS and TRIF to impair 
interferon signaling pathways (see Innate Immunity section). It also posed challenges for 
antiviral design. Early inhibitor design capitalized on the observation that an N-terminal 
hexapeptide product (DDIVPC-OH) derived from cleavage of the NS3-4A junction inhibited 


protease function.°°”4°° Mutagenesis and single amino acid substitutions led to development 
of the first peptide inhibitors of HCV protease function.°°”*%* Protease inhibitors act by 
blocking the NS3 catalytic site and fall into two major classes based on physicochemical and 
structural properties. Boceprevir and telaprevir, the two first-generation FDA-licensed 
protease inhibitors that are now discontinued, were linear ketoamide peptides that acted by 
reversible covalent binding to the NS3 protease site.**,788 All subsequent protease inhibitors 
are macrocyclic (P1-P3 or P2-P4) or linear acyclic peptides that bind noncovalently to 
NS3.4” The potential for emergence of NS3 RAV is illustrated by studies of monotherapy 
with protease inhibitors.4°*°°® In one early study, telaprevir caused a rapid initial decline in 
viremia, but virologicial breakthrough was evident before cessation of drug dosing at day 
14.8 RAV were replaced by wild-type virus within 3 to 7 months after withdrawal of 
therapy,°°® a finding common to all generations of protease inhibitors under conditions of 
functional monotherapy.®®*!>723 Resistance in patients is caused by a complex pattern of 
distinct but overlapping NS3 RAS that can vary by HCV genotype, replication rate, and 
fitness as well as drug potency,°’ an observation that has been recapitulated in cell culture 
models with a large panel of protease inhibitors assessed against multiple HCV genotypes.°77 
Three mutations at NS3_ positions 155Arg(Lys/Thr/Gln), 156Ala(ValThr), and 
168Asp(Ala/Val/Thr/His) are in general the most fit across genotypes*** and were identified 
as major drivers of resistance to early-generation NS3 inhibitors (Fig. 8.18). Improvement in 
protease inhibitor function has been directed toward reducing toxicity and RAS susceptibility 
while enhancing potency and pan-genotypic activity. For example, the protease inhibitor 
grazoprevir is not inhibited by RAS Arg155 because of structural modifications that alter its 
interaction with the NS3 active site.°*? Importantly, baseline NS3 RAS have no impact on 
effectiveness of protease inhibitors glecaprevir and voxilaprevir incorporated into the 
recently approved pan-genotypic regimens,°°*°°” and they are effective against common 
RAS engineered into HCV replicons representing six genotypes.279°? 


Inhibitors of the NS5A replicase factor. HCV NSSA is a multifunctional phosphoprotein 
important for replication of viral genome, assembly and egress of virions, as well as 
interaction with many cellular proteins essential for virus replication including cyclophilin A 
and the phosphatidylinositol 4-kinase Illa (see Infectious Agent).29°07!949644 Jt is 
composed of three domains (D1—D3) separated by low-complexity sequences anchored to 
intracellular membrane layers by an N-terminal amphipathic a-helix (Fig. 8.18).°7&°447% 
The three domains are involved in RNA binding and replication as well as assembly and 
transport of infectious particles through interaction with lipid droplets.4°°°444282 NS5SA 
proteins exist as multiple phosphovariants and form dimers or perhaps oligomers to tether 
HCV RNA genomes to the membranous web.**°*+8*3 NS5A was not an obvious target for 
antiviral drug development given its lack of enzymatic activity and complex interaction with 
HCV proteins and genomes as well as cellular proteins. HCV replicon models facilitated a 
chemical genetics strategy to identify NS5SA inhibitors.*°? A screen of large compound 
libraries revealed a small molecule, daclatasvir, that suppressed HCV replication and selected 


for mutations in NS5A.7°° Several NS5A inhibitors are now used in combination with a 
NS3/4A protease and/or NS5B polymerase inhibitors for treatment of chronic infection (Fig. 
8.18). How these inhibitors suppress HCV replication is poorly understood, but they may 
have a pervasive effect on patterns of NSSA_ phosphorylation?*® and subcellular 
localization.*‘* Although they were initially identified as inhibitors of HCV replication, it is 
now apparent that they also act through additional mechanisms including a rapid independent 
block of viral assembly°**”° and transfer of genomic RNA to assembly sites.’* A mode of 
action targeting virion assembly or export in addition to inhibition of RNA replication is also 
consistent with accelerated decay of viremia in patients treated with NS5A inhibitors**? and 
provided the best fit for mathematical models seeking to explain the viral dynamics.*°° 
Further analysis of NS5A antiviral activity in cell culture models demonstrated that replicase 
complex stability is variable between viruses and is determined by sequence differences in 
NS5A proteins.°* As a class, these inhibitors have pan-genotypic antiviral activity that may 
be facilitated by binding to a conserved site on NSSA monomers or dimers that stabilizes 
their structure, preventing further conformational changes important for virus 
replication.°**° NSSA RAS are detected in the HCV quasispecies before treatment and 
amplify under selection pressure from inhibitors. The most potent RAS that provide 
resistance across four or more genotypes are located within NS5SA D1 domain (93Tyr) or the 
linker sequence between D1 and the N-terminal a-helix (31Leu) (Fig. 8.18).4° Genotype and 
even subtype differences in RAS diversity and barrier to resistance have been described®*° 
and may be related to differences in evolutionary pathways to inhibitor resistance observed in 
genotype la versus 1b infections during a short course of monotherapy with an NS5a 
inhibitor (elbasvir).°4! NS5A RAV that emerged under selection pressure due to treatment 
failure with earlier-generation DAA combinations are very stable for years.°*°*° As noted 
above, persistence of NS5SA RAV is an important consideration in selection of DAA for 
retreatment. The high SVR rate with current pan-genotypic DAA combinations may reflect in 
part a higher barrier to resistance for pibrentasvir and velpatasvir. When compared with 
earlier-generation NSSA inhibitors, pibrentasvir and velpatasvir had high uniform antiviral 
activity against all seven HCV genotypes in a cell culture model of virus replication.*°* Three 
days of monotherapy with these inhibitors selected for RAS in some patients but the barrier 
to resistance was generally higher. Unlike other NS5A inhibitors, resistance usually required 
replacement of amino acids at more than one position, and fitness for replication was 
impaired.*0>°49 

Inhibitors of the NS5B RNA-dependent RNA polymerase. Synthesis of HCV RNA 
genomes by the membrane-anchored NS5B RdRp is mediated by a catalytic core with right- 
handed “finger, palm, thumb” subdomains (Fig. 8.18).'**>7°4!® Structural studies and 
comparison with other viral RdRps indicate that the catalytic core is closely tethered to the 
membrane in a closed conformation for initiation of synthesis with a single-stranded RNA 
template.7°°9° Conversion to an open conformation with a large cavity accommodates 
double-stranded RNA for the elongation process (Fig. 8.18).4°°2° Polymerase inhibitors fall 


into two major classes based on mode of action. The nucleotide and nucleoside inhibitors 
(NI) are mimics of ribonucleosides or ribonucleotides that competitively inhibit binding of 
the natural substrate to the HCV RdRp active site. Once incorporated into the catalytic site 
during transcription, NI 2'-C-methyl or 5'-fluoro groups sterically hinder further 
incorporation of nucleotides resulting in chain termination.'*° As a class, NI are 
nonphosphorylated prodrugs that must be converted into the active nucleoside 5’ triphosphate 
by cellular enzymes, an inefficient and rate-limiting process. Sofosbuvir (SOF), the only NI 
approved for treatment of chronic hepatitis C, is a ProTide that overcomes this limitation by 
adding one phosphate during synthesis.’°° All NI including SOF have pan-genotypic antiviral 
activity and a high barrier to resistance because they bind the functionally conserved catalytic 
pocket of the polymerase.*!°*°” One RAS, Ser282Thr, provides escape from SOF in a cell 
culture model, but it substantially impairs virus replication (Fig. 8.18).4°° Selection of RAS 
including Ser282Thr by SOF is rarely observed in clinical studies.!°94°’* Nonnucleoside 
inhibitors (NNI) bind allosteric sites in the NSSB thumb and palm domains outside of the 
catalytic pocket. They act noncompetitively by preventing RdRp conformational changes 
after binding to one of five allosteric sites outside of the catalytic grove (Fig. 8.18).4° The 
only NNI licensed for treatment of chronic hepatitis C is dasbuvir that binds a site at the 
junction of the palm and thumb subdomains to block a step before RNA chain elongation.°?9 
Unlike NI, NNI readily select for RAS that do not impose a high fitness for HCV replication. 
Failure to achieve SVR with early DAA combinations containing dasbuvir was associated 
with emergence of NSSB RAS Met414Thr and Ser556Gly in genotype 1a viruses (Fig. 
8.18).204998.835 Several NSSB NNI RAS occur naturally at high frequency.!°° For instance, 
the RAS Ser556Gly was found in approximately 8% of HCV-1b sequences and a remarkable 
97% (genotype 4) to 100% (genotypes 2, 3, 5) of other clinically significant genotypes.!°? 


Host-targeting agents 


HCV has a pervasive impact on the infected hepatocyte, subverting and repurposing multiple 
cellular pathways to support entry, translation and replication, assembly, and export of 
virions. Development of host-targeting agents (HTA) to inhibit HCV replication has occurred 
in parallel with DAA development, with the objective of finding alternative or 
complementary pan-genotypic antivirals with a high barrier to resistance. HTA designed to 
block almost every stage of the virus replication cycle have been developed, and a small 
number were assessed in clinical studies. They include small molecules designed to block 
HCV binding to the SR-BI entry receptor,°*>»’** the cyclophilin A:NS5A interaction required 
for replication and membranous web formation,*>°”* and core protein trafficking to lipid 
droplets.2°* None were sufficiently potent against HCV when compared with DAA 
combinations. One potential exception is an inhibitor of miRNA-122 designated miravirsen 
(SPC3549). Miravirsen is an antisense locked nucleic acid—modified phosphorothiate 
oligonucleotide that demonstrated strong pan-genotypic suppression of HCV replication in 
cell culture models.*°°79!429 Weekly dosing of patients with chronic hepatitis C 
demonstrated that the compound is safe, an important consideration given the role of miR- 


122 in host lipid metabolism. It was highly effective in dose-dependent suppression of HCV 
replication. Virological relapse within 14 weeks of completing treatment and wide variation 
in patient responsiveness indicated that miravirsen will only be effective in combination with 
other agents.?!8.786 


Public Health Measures and Treatment to Reduce Transmission 


A global strategy to eliminate HCV and HBV by 2030 was adopted by the World Health 
Organization (WHO) in 2016 (see www.who.int/hepatitis/strategies2016-2021/ghss-hep/en). 
This goal is aligned with a 2017 recommendation from the National Academy of Sciences to 
undertake elimination of these viruses in the United States.°°” Elimination of infection is 
distinct from eradication and is defined as the reduction of infection and/or disease in a given 
geographic area through deliberate control efforts that must be continued indefinitely to 
prevent reemergence. The 2030 elimination target for viral hepatitis is a 90% reduction in 
new chronic infections caused by HCV and HBV and a 65% reduction in deaths when 
compared with a 2015 baseline. HCV elimination programs have been initiated in a number 
of countries but are most advanced in Egypt, Georgia, Iceland, and Australia.!°!172.° 

Safety of the blood supply has improved dramatically with implementation of effective 
screening measures for HCV antibodies and nucleic acid testing to identify contaminated 
units. In countries with effective screening measures, the estimated risk of HCV infection 
from blood transfusion is now 1:1,900,000 donated units, a dramatic reduction from the era 
before the discovery of HCV when the risk was approximately 1:10.!°7°!9°> Further 
progress in reducing transfusion-associated infections in low-income countries will require 
more uniform adoption of effective blood screening measures.!°’ Unsafe injection practices 
caused by reuse of needles and an absence of sterile equipment in medical settings also 
continue to be a source of HCV infections in many parts of the world despite 
improvement.°0>°794 As noted above (Epidemiology), new HCV infections are increasing 
globally and in the United States because of needle sharing associated with injection of 
opioids and heroin. Needle exchange and opioid substitution therapy sharply reduce the risk 
of HCV transmission,°*!°%° but these programs have not been instituted in much of the 
world. Regional disparities in availability exist in many developed countries including those 
in Europe and the United States.272-°49-8°° Availability of DAA to treat HCV safely and with 
fewer side effects can reduce prevalence.*?!?!° It also has the potential to interrupt 
transmission,“°?°*° but will require a commitment to diagnosis and treatment in many 
regions of the world where new HCV infections still outpace cure of chronic hepatitis C.7%° 
Expanded treatments, along with other harm reduction strategies discussed above, are 
comerstones of national elimination programs in Egypt, Australia, Iceland, and Georgia that 
may provide models for the future.1©5172.28.669 


Vaccines 


Vaccines to prevent and treat chronic HCV infection have been a major research focus since 


discovery of the virus. Therapeutic vaccines directed at restoring HCvV-specific T-cell 
immunity were assessed in chronically infected humans, but they provided no significant 
control of persistent virus replication.*/’°* Two studies demonstrated the challenge in 
restoring T-cell immunity under conditions of persistent HCV infection. Chronically infected 
chimpanzees that received a genetic vaccine expressing HCV nonstructural proteins NS3- 
NS5B while viremia was transiently suppressed with DAA failed to clear the virus.°° The 
HCV genes, delivered by priming and boosting with recombinant adenoviruses, elicited a 
CD8+ T-cell response against epitopes that were unique to the vaccine or had acquired escape 
mutations earlier in infection.2° The same highly immunogenic vaccine also failed to elicit 


CD8+ T cells targeting the circulating virus in humans treated with pegIFN/riba.°°+7?! 
Therapeutic vaccines are no longer a priority with the advent of DAA therapy. 


A preventive vaccine is considered a high priority for prevention of primary infection and 
reinfection after DAA cure, especially in those who remain at risk for reexposure to the 
virus.461-462,901,992 Modeling studies indicate that even a partially effective vaccine would 
reduce HCV transmission?’?4°+°°®7!6 and contribute directly to the goal of global HCV 


elimination that for now relies entirely on public health measures and expanded access to 
DAA therapies. 


The objective of vaccination is to prevent persistent infection. As detailed above (see 
Clinical Features), acute hepatitis C is often subclinical, and so there is no apparent 
requirement to induce sterilizing immunity by vaccination. Two observations support the 
concept that a vaccine to prevent persistence, but not necessarily infection, is feasible. Most 
importantly, spontaneous resolution of infection elicits long-lasting adaptive immunity that 
responds rapidly upon reexposure to the virus. Duration and magnitude of viremia are 
reduced, and the risk of persistent infection is sharply lower in individuals with naturally 
acquired immunity. Protection against an array of HCV genotypes has been observed in 
chimpanzees after clearance of primary infeciton.°?! In addition, there is clear evidence that 
control of acute primary and secondary infection is associated with onset of sustained HCV- 
specific neutralizing antibody and T-cell responses (discussed in detail in Immune 
Responses). 


Two parallel approaches to vaccine development have been pursued. The first is 
immunization with envelope glycoproteins to induce protective humoral immunity. This 
approach is exemplified by immunization with recombinant HCV genotype la envelope 
glycoproteins E1 and E2 produced in CHO cells and formulated in an oil/water emulsion 
adjuvant (designated MF59) for induction of neutralizing antibodies.*°? This strategy, 
developed at Chiron Corporation, elicited antibodies that provided apparent sterilizing 
immunity to HCV challenge in some chimpanzees.*?? Breakthrough infections were 
observed, but virus replication was attenuated and spontaneous resolution was more likely 
when compared with mock vaccination controls.*°’ The vaccine induced strong CD4+ T-cell 
immunity and antibodies that had broad neutralizing activity against most HCV genotypes in 
cell culture studies.*9” Safety and immunogenicity of this vaccine was assessed in human 
volunteers with no risk factors for HCV infection. Pan-genotypic neutralizing antibodies and 


robust CD4+ T-cell memory were also elicited in the human volunteers.**?*°? Expanded 
immunogenicity and efficacy trials have not yet been undertaken. 


The second approach to preventive vaccination involves induction of T-cell immunity 
with a nonstructural NS-NS5B gene cassette delivered using a prime boost strategy with 
virus vectors. This vaccine is unlike others developed for protection against virus infections, 
as it was designed to prime CD4+ and CD8+ T cells that are resistant to exhaustion during 
acute infection. Preclinical studies demonstrated that this vaccine elicited strong memory T- 
cell immunity in chimpanzees that was rapidly recalled upon HCV challenge.*!* A typical 
pattern of robust acute phase HCV replication observed in mock-vaccinated animals was 
suppressed by several orders of magnitude in the group that received the vaccine.*'* Safety 
and immunogenicity of this vaccine was assessed in human volunteers. Vaccinees who 
received two immunizations with serologically distinct adenovirus vectors developed robust 
T-cell immunity targeting class I and II epitopes encoded by the NS3-NSSB gene cassette.*7 
The second adenovirus vector was replaced with a modified vaccinia Ankara (MVA) vector 
in a immunogenicity second trial. The MVA vector provided substantially stronger boosting 
of HCV-specific T-cell immunity.”7? The combination of adenovirus and MVA vectors 
containing the HCV NS3-NSSB gene cassette has been assessed in a staged phase I/II clinical 
trial in Baltimore, San Francisco, and Santa Fe, New Mexico (see Clinical Trials.gov 
NCT01436357). The objective of the trial was to assess protection from HCV persistence in 
participants who are HCV-naive but at risk for infection. An initial report of results was 
provided on the ClinicalTrials.gov Web site (NCT01436357) in 2019. The frequency of 
incident persistent infections (5.1%) was identical in the vaccine and placebo arms. Analysis 
of a subset of subjects in both arms revealed that HCV-specific immune responses were 
present in 97% of vaccinees versus 4% of subjects who received the placebo. Why this 
vaccine failed to protect against HCV persistence is not known. A detailed analysis of 
immunogenicity in vaccinated subjects at risk of HCV exposure, as well as the nature of the 
recall response in those who were infected, sequencing matching between the vaccine and 
circulating virus, and evolution of HCV genomes in acute and chronic phases of infection 
should provide critical insight into this question. 


PERSPECTIVE 


The landscape of HCV research and treatment has changed dramatically over the past 6 to 7 
years. From a research perspective, the discovery of new rodent and equine hepaciviruses 
provides new opportunities to study key elements of the host—virus relationship that are 
difficult to approach in humans. Important unanswered questions about Hepacivirus 
subversion of hepatic innate and adaptive immune responses can be addressed in these 
tractable animal models. Whether immune responses recover or afford protection after DAA 
cure is also unknown and will be assessed in humans and possibly the new animal models. 
Understanding failure and recovery of virus-specific T cells is likely to provide general 
knowledge relevant to other persistent human infections and diseases where immune 


exhaustion is a barrier to cure. 


The rapid evolution of DAA to pan-genotypic regimens of 8- to 12-week duration with a 
single daily pill has revolutionized treatment for chronic HCV infection. It has also made the 
concept of HCV elimination a possibility, although it is clear that the task will be difficult 
with enhanced public health measures and antiviral treatment alone. Mathematical modeling 
indicates that a vaccine with 30% efficacy would have a measurable impact on 


transmission.2/°494%8716 A detailed understanding of why the first efficacy trial of a 
preventive HCV vaccine failed is an imperative. New animal models may also provide 
guidance on the critical unanswered question of what constitutes protective immunity. 
Success will ultimately also require a sustained commitment to assess vaccines in humans, 
and to learn from setbacks, in an era of highly effective DAA therapy. 
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Flaviviruses acquired their name from the jaundice associated with the liver dysfunction 
caused by yellow fever virus (YFV) infections. YFV played an important historical role in 
defining the nature of viruses. Seminal studies by Walter Reed and colleagues demonstrated 
that the etiology of yellow fever was a filterable agent that could be transmitted through the 
bite of a mosquito, confirming the postulates of Carlos Finlay.!°°* YFV was the first 
flavivirus isolated (in 1927), the first flavivirus to be propagated in vitro,‘°’*"""° and the first 
flavivirus for which a vaccine was developed and deployed.’’? Experiments with louping-ill 
virus (LIV) in 1931 established that ticks also could transmit viruses associated with human 
disease.!°* The discovery that flavivirus-immune sera could be cross-reactive with other 
flaviviruses that caused similar diseases (e.g., encephalitis) provided a method to investigate 
relatedness among these viruses.!©7-'©9.!!88 These evolutionary concepts were refined further 
with new serologic assays that allowed them to be distinguished from alphaviruses.'°° 
Advances in the molecular genetics of flaviviruses confirmed and advanced an understanding 
of the evolution, biology, pathogenesis, and immunity to these viruses. Fifty-four species 
within the Flavivirus genus have since been defined by the International Committee on 
Taxonomy of Viruses. 


FLAVIVIRUS EVOLUTION, DIVERSITY, AND 
DISTRIBUTION 


Molecular Phylogeny and Evolution 


Phylogenetic relationships among viruses within the Flavivirus genus reflect key features of 
the biology and ecology of these viruses (Fig. 9.1). Four groups of flaviviruses cluster 
according to their natural host and mode of transmission, including tick-borne flaviviruses 
(TBFVs), mosquito-borne flaviviruses (MBFVs), those with no known vector (NKV), and 
insect-specific flaviviruses (ISFs).°’”7°!°4® Flaviviruses have an African origin. Efforts to 
determine the date of the appearance of the first flavivirus using molecular clock approaches 


vary considerably depending on analysis parameters, including the event used for calibration 
in time.?”?-79> For example, a recent study hypothesized the introduction of the TBFV 
Powassan virus (POWV) into North America occurred 11 to 15 thousand years (kyr) ago and 
was linked to use of the Beringian land bridge that once connected Alaska and Asia. Analysis 
of the timing of the origin of flaviviruses with respect to this reference led to the conclusion 
that flaviviruses are older than previously appreciated and emerged approximately 80 kyr.°’ 
Flaviviruses diverged from an ancestor that was not vectored by arthropods into groups 
containing the TBFV and MBFV; two groups of NKV viruses cluster among both branches 


of the phylogenic tree, as detailed below.°°° 
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FIGURE 9.1 Phylogenetic tree of viruses in the Flavivirus genus. A maximum- 
likelihood (ML) tree was generated using the complete polyprotein amino acid 


sequence of the indicated flaviviruses. The polyprotein amino acid sequence 
alignment was generated using Clustal W2 provided in Geneious v11.1.2, and the 
ML tree was constructed using PhyML v3.2.2. The tree is midpoint rooted, and 
vertical length is arbitrary. The scale bar represents substitutions per site. The 
viral taxa are abbreviated and colored according to their mode of transmission. 
Apoi virus; MODV, Modoc virus; RBV, Rio Bravo virus; MMLV, Montana 
myotis leukoencephalitis virus; TYUV, Tyuleniy virus; MEAV, Meaban virus; 
SREV, Saumarez Reef virus; KADV, Kadam virus; GGYV, Gadgets Gully virus; 
KSIV, Karshi virus; RFV, Royal Farm virus; DTV, deer tick virus; POWV, 
Powassan virus; KFDV, Kyasanur Forest disease virus; AHFV, Alkhurma 
hemorrhagic fever virus; LGTV, Langat virus; OHFV, Omsk hemorrhagic fever 
virus; TBEV-FE, tick-borne encephalitis virus Far Eastern subtype; TBEV-S, 
tick-borne encephalitis virus-Siberian subtype; TSEV, Turkish sheep encephalitis 
virus; GGEV, Greek goat encephalomyelitis virus; TBEV-E, tick-borne 
encephalitis virus-European subtype; LIV, louping ill virus; SSEV, Spanish sheep 
encephalomyelitis virus; YOKV, Yokose virus; ENTV, Entebbe bat virus; EHV, 
Edge Hill virus; BOUV, Bouboui virus; UGSV, Uganda S virus; BANV, Banzi 
virus; JUGV, Jugra virus; POTV, Potiskum virus; SABV, Saboya virus; WESSV, 
Wesselsbron virus; SEPV, Sepik virus; YFV, yellow fever virus; DENV-4, 
dengue virus serotype 4; DENV-1, dengue virus serotype 1; DENV-3, dengue 
virus serotype 3; DENV-2, dengue virus serotype 2; KEDV, Kedougou virus; 
SPOV, Spondweni virus; ZIKV, Zika virus; KOKV, Kokobera virus; BSQV, 
Bussuquara virus; AROAV, Aroa virus; IGUV, Iguape virus; ILHV, Ilheus virus; 
ROCYV, Rocio virus; TMUV, Tembusu virus; NTAV, Ntaya virus; BAGV, Bagaza 
virus; SLEV, St. Louis encephalitis virus; MVEV, Murray Valley encephalitis 
virus; JEV, Japanese encephalitis virus; USUV, Usutu virus; KUNV, Kunjin 
virus; WNV, West Nile virus; NKV, species with no known vector. The tree was 
created by Ms. Katherine Burgomaster (NIAID, NTH). 


Mosquito-Borne Flaviviruses 


MBFVs diverged early into two lineages that principally use Aedes or Culex genus 
mosquitoes as vectors*°%.°°° (Fig. 9.1). Viruses in these two MBF'V clades generally cause 
hemorrhagic disease or encephalitis, respectively, in humans and livestock. While many of 
the viruses in the Culex clade infect avian hosts, Aedes viruses do not. Conversely, Culex 
viruses are not maintained in infection cycles involving primates. Viruses of the Aedes clade 
are a paraphyletic group thought to predate and give rise to the Culex viruses.°°°°9 One 


branch of the MBFV phylogenic tree includes viruses of the YFV group, the recently 
proposed Edge Hill virus (EHV) group, and three NKV viruses discussed in detail below. 
The YFV group includes Wesselsbron virus (WESSV), Sepik virus (SEPV), and YFV. 
WESSV is a veterinary pathogen transmitted by Aedes mosquitoes that causes a nonfatal 
febrile illness in humans. Very little is known about the clinical significance and vector 
biology of SEPV infection. Both SEPV and WESSV are found in Africa and Asia.°°? YFV 
biology and pathogenesis are detailed below. The seven viruses of the EHV group are 
transmitted predominantly by Aedes mosquitoes, found primarily in Africa (except for EHV, 
which is present in Australia), and share the unique property of encoding five (instead of six) 
disulfide bridges in the envelope (E) glycoprotein. Among this group, human cases have 
been associated only with Banzi virus (BANV) infection.°°? The second branch of the MBFV 
phylogenic tree contains dengue viruses (DENV), which are transmitted by Aedes 
mosquitoes, a large group of viruses vectored by Culex mosquitoes (e.g., Japanese 
encephalitis virus [JEV], West Nile virus [WNV]), and a group of Aedes-vectored viruses 
closely related to the Culex flaviviruses including Spondweni virus (SPOV) and Zika virus 
(ZIKV).°°° The biology, pathogenesis, and diversity of viruses in the JEV serocomplex, 
ZIKV, and DENV are described in detail below. 


Tick-Borne Flavivirus 


The TBFVs include three groups that differ with respect to their vertebrate host and tick 
vectors.°°°°°° The largest group of TBFVs infect mammalian hosts (typically rodents), are 
vectored by Ixodes ticks, and can cause encephalitis (e.g., tick-borne encephalitis viruses 
[TBEVs]) or hemorrhagic fever (e.g., Kyasanur Forest disease virus [KFDV]) in humans. 
Mammalian TBFVs that are not linked to human disease include Royal Farm virus (RFV), 
Karshi virus (KSIV), and Gadgets Gully virus (GGYV). Analysis of the evolution of viruses 
of the TBEV serocomplex has demonstrated that the rate of nonsynonymous nucleotide 
changes in the E protein correlates with geographic distance from the point of origin of these 
viruses.'*°’ This is reflected by the asymmetrical, stepwise branching pattern of the 
phylogenetic tree of the mammalian viruses!**8 (Fig. 9.1). This pattern of evolution has been 
confirmed using larger datasets.*°? These studies conclude that TBFVs evolved from a 
common ancestor in Africa approximately 28 kyr ago. The subsequent distribution and 
spread of early TBEVs, such as GGYV and POWV, may have been constrained by climate 
conditions of Asia until the glacial retreat at the outset of the Holocene epoch. POWV 
diverged further in North America into two lineages, which now includes deer tick virus 
(DTV).*°8 These two viruses remain the only autochthonous TBFVs in the New World. 
Viruses of the TBEV serocomplex emerged into central Russia approximately 5 to 7 kyr ago, 
at which time they spread and diversified in eastward and westward directions.*>* 

The second group of TBFVs replicates within seabirds and ornithophilic ticks but does 
not cause disease in humans. Viruses in this group include Meaban virus (MEAV), Saumarez 
Reef virus (SREV), and Tyuleniy virus (TYUV).!°° These viruses have a broad geographic 
range that presumably reflects the migratory patterns of their avian hosts.*°°°" A serological 


surveillance study for MEAV-reactive antibodies in residents of southern France, where the 
virus was first discovered, proved negative,'®° whereas SREV and TYUV may be capable of 
causing mild disease in humans. ’°! 


The TBFV Kadam virus (KADV) is the sole representative of a third lineage that arose 
early in the evolution of these viruses. An understanding of the relationship between KADV 
and other members of the TBFVs has emerged. While KADV was assigned to both the 
mammalian and seabird groups of flaviviruses, a more recent analysis of the complete coding 
sequence of TBFVs places KADV in its own group, which is supported by unique features of 
its E protein and the fact that it encodes a polyprotein that is smaller than the rest of the 
TBFV.°??.45 KADV is found in Africa, vectored by hard ticks that feed on mammals, and 


typically infects livestock.°8° KADV has not been associated with human infections. 


No Known Vector Flavivirus 


In comparison to the vector-borne flaviviruses, relatively little is known about viruses of the 
NKV group. These flaviviruses are reviewed comprehensively by Blitvich and Firth.!°° The 
14 known NKV-like viruses are found in rodents or bats, in which they do not appear to 
cause disease or a high viremia. NKV viruses of rodents are found only in the New World, 
whereas those infecting bats are found globally.?”? Several NKV viruses can cause human 
disease following occupational exposure, and while natural infection resulting in clinical 
illness has been reported, it appears uncommon. Two groups of NKV flaviviruses have been 
defined. The first cluster forms a clade that is more closely associated with TBFV than those 
vectored by mosquitoes and may contain the common ancestor from which both groups 
arose. This group of NKV flaviviruses can be divided further into two lineages that define 
those infecting rodents and bats. 


The Entebbe bat virus group (Yokose virus [YOKV], Sokoluk virus [SOKV], and 
Entebbe bat virus [ENTV]) forms a lineage within the Aedes-vectored MBFV from which the 
YFV and EHV groups may have evolved. That some of these viruses can replicate in 
mosquito cell cultures raises the possibility that they, or their ancestors, were once 
transmitted by mosquitoes and then lost this trait?”?°7°1097 (Fig. 9.1). This concept is 
supported by sequence features in the untranslated regions (UTR) of the viral genome that 
are similar to those present in MBFVs. However, one study reported the isolation of SOKV 
from a field-caught tick, suggesting that a capacity to replicate in arthropods has not been lost 
completely. A recent analysis of dinucleotide frequency among viruses of this group suggests 
greater adaptation to arthropods than mammals.‘°° The natural history and vector 
competence of this group require further study to reconcile these observations. 


Insect-Specific Flavivirus 


The last 15 years has brought progress in the identification of ISF and insights into their 
biology.*!* The first ISF cell-fusing agent virus (CFAV) was discovered in 1975 as the 
causative agent of cytopathology in insect cell cultures occurring when exposed to materials 


derived from other mosquito cells.!°”° The isolation of Kamiti River virus (KRV) from Aedes 
mosquitoes in Kenya in 2003°°’ was the first discovery of ISFs from mosquito populations. 
A detailed discussion of the molecular phylogeny is provided by Moureau and colleagues.’?° 


Global Distribution 


Flaviviruses are found on six continents where they are responsible for endemic and 
epidemic disease each year (Fig. 9.2). The geographic distribution of flaviviruses has proven 
dynamic, enabling emergence in new areas and with increased disease incidence.®° Many 
examples of flavivirus emergence with impacts on global health have occurred. The recent 
materialization of ZIKV from a virus of minimal clinical significance in Africa to a pathogen 
of global health concern following its introduction into the Americas in 2015 is a clear 
demonstration of the threat posed by the shifting distributions of flaviviruses. Likewise, it 
took only 4 years for WNV to spread across the United States, where it is now an endemic 
pathogen, following its introduction into New York City in 1999.°*° The contribution of 
human activity toward the spread of flaviviruses is significant.*°° Prior to the development of 
rapid intercontinental transportation, the movement of flaviviruses between the Old World 
and New World was uncommon. YFV (and potentially the Aedes aegypti mosquito) was 
introduced into the Americas during the slave trade 300 to 400 years ago.'*” The distribution 
of DENV was enhanced as a consequence of the large-scale troop movements during World 
War II.°9° The continued spread of flaviviruses globally due to enhanced travel, urbanization, 
and climate change presents a persistent threat and highlights a need for the countermeasures 
against this genus of viruses. 
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FIGURE 9.2 Global distribution of flaviviruses. The distribution of flaviviruses 
with significant impact on global health. 


FLAVIVIRUS COMPOSITION 


Flavivirus Structural Proteins 


Flaviviruses encapsulate a positive-stranded RNA genome encoding a single open reading 
frame flanked by two structured UTRs. The single viral polyprotein is processed by host and 
viral proteases into three structural (capsid [C], premembrane [prM], and E) and seven 
nonstructural proteins (NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NSS), the latter of which 
mediate genome replication, viral polyprotein processing, and modulation of the host 
response. Flavivirus virions are spherical particles composed of three viral structural 
proteins, an approximately 11-kb genomic RNA, and a lipid envelope. The E protein is an 
approximately 53-kDa structural protein that functions in multiple steps of the virus 
replication cycle including virion assembly and budding, attachment of the virus to target 
cells, and viral membrane fusion (reviewed by Ref.***) It is also the major target of 
neutralizing antibodies (reviewed by Ref.!°**) The E protein ectodomain structure has been 
solved for several flaviviruses, revealing an elongated finger-like protein composed of three 
domains connected by flexible hinges (Fig. 9.3). This structural organization is similar to 
other class II viral fusion proteins, such as alphavirus E1 proteins.?*4 The E protein domain I 
(E-DI; shown in red) is an eight-stranded f-barrel located in the center of the E protein 
molecule. This central domain contains two of the six disulfide bonds present in the E 
protein, as well as a site for the addition of an asparagine-linked (N-linked) carbohydrate. E 
protein domain II (E-DH; shown in yellow) is an elongated structure that mediates 
dimerization of E proteins on the mature virion. A glycine-rich loop composed of 13 amino 
acids is located at the tip of E-DII, called the E-DII fusion loop (E-DII-FL; shown in green). 
In the context of the E protein dimers present on mature virions, the E-DII-FL sits in a 
hydrophobic pocket formed at the interface of E-DI and E protein domain II (E-DII; shown 
in blue). The highly conserved fusion loop plays a key role in viral membrane fusion by 
inserting into the membranes of target cells.'9-!*°:°® The introduction of mutations into the 
fusion loop blocks fusion between virions and the membranes of synthetic liposomes.*!° For 
some flaviviruses, E-DII contains a second N-linked glycosylation site, which facilitates 
attachment to host lectins during virus entry. E-DII adopts an immunoglobulin-like fold and 
is stabilized by a single disulfide bridge. The E protein ectodomain is tethered to the viral 
membrane by a helical stem (the stem anchor) and two antiparallel transmembrane 
domains.??.!*44 


FIGURE 9.3 Structure of the flavivirus E protein. The envelope (E) proteins 
of flaviviruses are elongated class II viral fusion proteins composed of three 
structurally distinct domains. 


A: Ribbon diagram of the DENV E protein dimer as seen from the top; individual domains of 
each E protein monomer are indicated (domain I, E-DI, red; domain II, E-DII, yellow; and 
domain III, E-DII, blue). The fusion loop at the tip of E-DII is shown in green. 

B: DENV E protein as viewed from the side. The stem anchor connecting the E protein 
to the viral membrane is not shown. The two N-linked carbohydrate modifications at 
positions Asn67 and Asn154 are shown. We thank Mr. Phong Lee (NIAID, NIH) for 
preparation of the figure. 


The precursor to membrane protein (prM) is an approximately 20-kDa protein that 
facilitates E protein folding and trafficking.°°° Interactions with the E protein also prevent the 
adventitious fusion of the virus during egress.*°* Virion maturation is regulated by the 
proteolytic cleavage of prM, which results in the formation of a “pr” protein and is ultimately 
released from the virion, and an approximately 8-kDa membrane associated M peptide. The 
structure of the “pr” peptide has been solved at the atomic level and is composed of seven [- 
strands held together by three disulfide bonds.°*? prM interacts with the E protein near the tip 
of E-DII adjacent to the E-DII-FL.!**°-!**8 prM is anchored into the viral membrane via two 


antiparallel transmembrane domains.’°”!*“4 


The flavivirus capsid (C) protein is an approximately 12-kDa protein that orchestrates the 
encapsidation of the viral genome into the virus particle during morphogenesis.'“° The C 
protein contains four helical domains that interact as homodimers.?’?:49° 681017 Tn this 
arrangement, one surface is highly basic and capable of interacting with membranes.’°* The 
opposite face of the protein is concave, is positively charged, and binds nucleic acids.°** The 
amino terminus of the protein exists in an ensemble of different states.!°° Flavivirus capsid 
proteins also have other roles in the replication cycle including interactions with host lipid 
droplets,?°* modulations of host signaling,'! and antagonism of innate immune responses.!1°? 


Flavivirus Assembly and Structure 


Flaviviruses assemble on a network of highly organized virus-induced membranes derived 
from the endoplasmic reticulum (Fig. 9.4). Virions bud into the lumen of these membrane 
structures as immature virus particles on which E and prM proteins interact as trimers of 
prM-E dimers that project as spikes away from the viral membrane. The structure of the 
immature noninfectious form of the virion has been solved at high resolution for WNV, YFV, 
DENV, and ZIKV.°°4892-1234,1245,1248 These studies reveal that each virus particle contains 60 
trimers arranged with icosahedral symmetry (Fig. 9.5). Analysis of the immature virion 
structure using methods that do not assume symmetry demonstrates that the capsid core of 
the virion is not located in the center of the virus particle, but positioned close to one side, 
with a disruption of the structural protein shell on the opposing pole. Although further studies 
are required to explore the functional significance of these “imperfections” in symmetry, 
these features may have implications for mechanisms of virus assembly and fusion.!!!7 
Transit of the immature virion through the acidic compartments of the trans-Golgi network 
(TGN) triggers an extensive rearrangement of E proteins on the immature virion. Under these 
conditions, E proteins lie flat against the viral membrane as antiparallel dimers, analogous to 
the arrangement of E proteins on the mature virions discussed below.!*** In this 
configuration, prM remains associated with the fusion loop and protrudes as a bump from the 
surface of an otherwise smooth virus particle. This pH-dependent conformational change 
exposes a cleavage site on prM recognized by host serine furin-like proteases.!°°! Cleavage 
of prM by furin-like proteases is the hallmark of the virion maturation process and a required 
step in the virus replication cycle.°°* The release of the virion into the neutral conditions of 
the extracellular milieu results in the dissociation of the pr peptide.°*?:!744 
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FIGURE 9.4 The replication cycle of flaviviruses. Flaviviruses bind cells via 
interactions with one or more cell-surface molecules. Viruses are internalized via 
clathrin-mediated endocytosis and fuse with membranes of the late endosome in 
a pH-dependent manner. Viral RNA replication begins shortly thereafter in 
association with cellular membranes. Infected cells reveal striking host 
membrane rearrangements thought to coordinate the processes of genomic RNA 
replication and virus assembly. Virus particles assemble at and bud into the 
endoplasmic reticulum and are secreted from the cell. During egress, virion 
maturation occurs in the acidic compartments of the Golgi and is characterized 
by cleavage of the prM protein by a furin-like protease. The cleaved “pr” peptide 
is released from the virus particle once released into the neutral pH of the 


extracellular space. 


A 


Mature ZIKV 


FIGURE 9.5 The structure of flaviviruses. Flaviviruses assemble as immature 
virus particles decorated by trimers of prM-E dimers. During virion egress, prM 
is cleaved by a host furin-like serine protease in a pH-dependent process. Release 
of the virus particle into the neutral environment of the extracellular space results 
in the disassociation of the cleaved “pr” fragment and formation of the mature 
virion. Surface and cross-sectional view of the structure of the mature ZIKV (A 
and B). The thin black arrows depict the three symmetry axes of the herringbone 
arrangement of E proteins on the relatively smooth surface of the virion. The 
virion is colored radially. Surface and cross-sectional view of the structure of the 
immature ZIKV virion (C and D). The thick black arrows highlight the 
interactions between the core of the virion and the inner leaflet of the virion, 
whereas double-ended arrows mark the inner and outer layers of the viral 


membrane. 
(This image was published by Prasad VM, Miller AS, Klose T, et al. Structure of the immature Zika virus at 9 A resolution. 


Nat Struct Mol Biol 2017;24:184—186, and included with permission.) 


Pioneering cryoelectron microscopic studies of DENV by the Kuhn and Rossmann 
laboratories revealed that mature virions are relatively smooth in appearance and incorporate 
180 copies of the E protein arranged in a herringbone pattern (Fig. 9.5).°°? Subsequent 
studies of WNV, JEV, and ZIKV confirmed this organization, and advances in cryoelectron 
microscopy now allow the interactions among structural proteins of the virion to be viewed 
with atomic resolution.?°%°°?1019,1041L,1172,1247 One striking structural feature of the virion is 
that virtually the entire surface of the membrane is covered by viral proteins. This dense 
arrangement likely is linked to the structural mechanisms that orchestrate viral fusion but 
presents unresolved steric challenges for host factors that bind directly to the viral lipid 
envelope during virion attachment, such as TIM-1 or Gas6 as detailed below. A second key 
feature of the mature virion structure is that E proteins are not arranged with true icosahedral 
symmetry. The significance of this is that E proteins of the virion exist in three chemically 
distinct dimer environments defined by their proximity to the two-, three-, or fivefold 
symmetry axes. An important biological implication of this arrangement is that antibodies®*° 
and host factors may be capable of engaging only a subset of E proteins that constitute the 
virion. 


Subviral Particles 


Expression of the flavivirus structural proteins prM and E is sufficient for the production of 
subviral particles (SVPs) that share many functional and antigenic features with infectious 


virions.2°! SVP expression systems have been used to examine the cell biology of structural 
protein folding and trafficking, virus particle morphogenesis, mechanisms of viral membrane 


fusion, and antibody epitope mapping.**)°°.%9.98! The atomic structure of SVPs remains 
uncertain. Early cryoelectron microscopic reconstruction studies of TBEV SVPs revealed an 
icosahedral structure of roughly 30 nm in diameter composed of 30 antiparallel E protein 


dimers.*!9 A similar structure was recently reported for a variant of DENV SVPs that 
encoded an optimized furin cleavage site.!°*° However, other studies demonstrate SVPs are 
heterogeneous in structure and size.*! Because SVPs are used as vaccine candidates for 


multiple flaviviruses,??1°49-9°0°61710,880 4 more detailed understanding of the structures of 
these virus-like particles is needed. 


Virion Heterogeneity and Dynamics 


Implications of Inefficient prM Cleavage 


While atomic resolution structures of the mature virion exist, it is now clear these images do 


not capture all biologically active forms of the infectious virus.°”© Cleavage of prM is a 
required step in the flavivirus replication cycle; mutation of the RRXR/S motif in prM 


recognized by furin-like proteases renders TBEV noninfectious.°°* However, biochemical 
studies of preparations of flaviviruses produced in vitro indicate that a substantial amount of 
prM remains uncleaved; greater than 90% of DENV virions could be precipitated with anti- 
prM antibodies.°°° Electron microscopy studies identified virus particles with structural 
features of both mature and immature virions (hereafter referred to as “partially mature 
virions”).°°” Several lines of evidence indicate that partially mature virions are infectious: (a) 
virions that retain significant uncleaved prM are less sensitive to inactivation by acid pH 
conditions sufficient to trigger the E-protein rearrangements that drive viral membrane 
fusion, presumably because pH-mediated changes in the arrangement of E protein are 
reversible when in complex with prM*°!; (b) uncleaved prM can modify the efficiency and 
mechanism of virion attachment to cells*4!7°*-7%°; (c) antibodies that target prM can enhance 
virus infection in vitro and in vivo?*7°!!*4°, and (d) the efficiency of prM cleavage may 
influence the sensitivity of virions to neutralization by antibodies targeting the E 
protein.*°!8!8 Although these studies demonstrate that virions containing prM may be 
infectious, the stoichiometric requirements of prM cleavage have not yet been determined. 
Thus, virion infectivity, antibody recognition, and host—factor interactions have the potential 
to be influenced by levels of uncleaved prM. The efficiency of prM cleavage in vivo remains 
an important question and should be considered for both vector and mammalian hosts. Of 
interest, recent analysis of DENV serotype one (DENV-1) isolates from human plasma 


demonstrated that viruses in this compartment are largely mature.?'* 


Implications of Dynamic Virions 


Flaviviruses present a dynamic antigenic surface that is not fully captured by static models of 
virion structure. It has long been appreciated that proteins are in constant motion and sample 
an ensemble of conformations at equilibrium.'°° Proteins incorporated into virus particles 
also are structurally dynamic.*9*!*°” Conformational dynamics, or virus “breathing,” has 
been demonstrated for several unrelated classes of viruses!!*°!4,89! and may affect antibody 
recognition.“4!°*7!**6 The first example of the impact of conformational dynamics on the 
structure of flaviviruses arose from studies of the recognition of a DENV serotype 2 (DENV- 
2) virus by a neutralizing E-DIII-reactive monoclonal antibody (mAb) 1A1D-2.°* Analysis 
of the binding interface of 1A1D-2 suggested occupancy of this site would be prevented by 
steric clashes arising from the dense arrangement of E proteins on the virion. Binding of 
1A1D-2 Fab fragments was possible only at physiological temperatures. Cryoelectron 
microscopic reconstruction of mature DENV-2 bound by the 1A1D-2 Fab fragment revealed 
changes in the arrangement and orientation of E proteins on the surface of the virus particle, 
suggesting antibodies can trap the virion in states distinct from the herringbone arrangement 
found on mature virions. Subsequent structural studies of this strain at physiological 
temperatures in the absence of mAb revealed a heterogeneous population of virions that 
included an expanded “bumpy” conformation more permissive for 1A1D-2 
recognition,’**!**9 although not all DENV strains adopt this configuration. Neutralization 
studies with multiple flaviviruses suggest that the conformational dynamics of virions 


frequently contributes to the efficiency of antibody recognition, although the degree to which 
this is observed correlates with the accessibility of the antibody epitope on the mature virus 
particle.*’-*°! Virions that retain prM also sample multiple states at equilibrium.7°!9°° That 
temperature, viral strain, and even single amino acid substitutions influence the structural 
ensemble of flaviviruses highlights the importance of understanding how interactions among 
viral structural proteins determine the average state of the virion, its stability, antigenicity, 
and capacity for fusion.2”°°”* The recent application of hydrogen/deuterium exchange mass 
spectrometry (HDX-MS) to explore these issues is a promising technical advance.°?©°?7 


CLINICAL AND PATHOLOGIC SYNDROMES OF 
THE FLAVIVIRUSES 


Dengue Virus 


History, Global Distribution, and Epidemic Cycle 


The natural cycle of epidemic DENV infection is between the mosquito vector (Aedes 
aegypti or Aedes albopictus) and humans (Fig. 9.6). After mosquito inoculation, DENV 
infection causes a spectrum of clinical disease ranging from self-limited dengue fever (DF) to 
a life-threatening hemorrhagic and capillary leak syndrome (dengue hemorrhagic fever 
[DHF ]/dengue shock syndrome [DSS], now termed “severe dengue”). Globally, there is 
significant diversity among DENV strains, including four serotypes (DENV-1, DENV-2, 
DENV-3, and DENV-4) that differ at the amino acid level in the viral envelope proteins by 
25% to 40%. DENV causes an estimated 390 million infections and 500,000 cases of 
DHEF/DSS per year worldwide, with 2.5 billion people at risk.9°4!9-76° 
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FIGURE 9.6 Life cycle of dengue virus. DENV circulates in nature in two 
relatively distinct transmission cycles vectored by Aedes spp. mosquitoes. DENV 
infection of humans results in a sufficiently high viremia to support infection of 
feeding mosquitoes; DENV transmission cycles do not require an enzootic 
amplifying host. DENV may also replicate in a sylvatic cycle. While 
incompletely understood, the contribution of sylvatic strains of DENV to human 
infections appears minimal. 


Although a dengue-like syndrome may have occurred in China several times during the 
first millennium AD, the initial description of a DENV epidemic is attributed to Benjamin 
Rush, a physician in Philadelphia, in his article reporting a febrile outbreak in 1780.9°! 
Primary DENV infection and epidemics were common in North America, the Caribbean, 
Asia, and Australia during the 18th and 19th centuries, presumably due to the widespread 
distribution of the mosquito vectors. During World War II, DENV spread to and through 
Southeast Asia. Troop movement and the destruction of the environment and human 
settlements are believed to have promoted the spread of DENV and their mosquito 
vectors.°’° Since 1950, the number of people infected has risen steadily, such that today 
dengue is the most prevalent arthropod-borne viral disease in the world. With the spread and 
cocirculation of multiple DENV serotypes, secondary infection with heterologous serotypes 
and epidemic DHF/DSS emerged 50 years ago in Southeast Asia**’ and more recently in the 
Americas in 1981°°° and South Asia in 1989.”4° Since the 1950s, epidemics involving 
thousands of people with multiple DENV serotypes and strains occur annually in multiple 
parts of the world including the Americas, Asia, Africa, and Australia, in essence wherever 
the primary mosquito vector Aedes aegypti is present. Indeed, after an outbreak of DENV in 
Key West, Florida, in 2009, a serosurvey conducted by the CDC reported that 5.4% of 


households had evidence of recent DENV infection.*® As a reflection of this, the global 
incidence of DHF/DSS has increased over 500-fold, with more than 100 countries affected 
by outbreaks of dengue.°®° 


DENV Diversity 


Globally, there is significant diversity among DENV strains. The four serotypes of DENV 
(DENV-1, DENV-2, DENV-3, and DENV-4) are genetically distinct but cause similar 
diseases and share epidemiological features. All DENV strains are members of the dengue 
antigenic complex; inclusion of a strain as DENV is based on antigen cross-reactivity, 
sequence homology, and genomeorganization.!°* The four serotypes of DENV were 
historically distinguished by limited cross-neutralization or hemagglutination inhibition using 
serum from infected individuals. Subsequent sequencing analysis revealed that individual 
serotypes of DENV can differ from one another at the amino acid level significantly with 
30% to 40% variation in the viral envelope proteins. Thus, individual DENV serotypes (e.g., 
DENV-1 vs. DENV-4) vary far more than distinct viruses in the Japanese encephalitis 
serocomplex (e.g., WNV and JEV vary by 10%—15% at the amino acid level), which has led 
some to consider DENV as a group of four different viruses that are linked by serology, 
epidemiology, and disease pathogenesis. Notwithstanding these sequence differences, recent 
analysis suggests that some DENV strains have greater antigenic resemblance to viruses of a 
different serotype than to some viruses of the same serotype, which has implications for 
clinical disease and DENV evolution.°!! Differences in severity associated with individual 
serotypes or particular sequences of serotypes in sequential infection have been observed, 
and it still is unclear whether some serotypes are inherently more pathogenic than others. 
DENV-2 viruses are most commonly associated with DHF/DSS,*?47!""5 as are DENV-1 and 
DENV-3.°°4442:749 In comparison, DENV-4 appears more commonly to be clinically mild, 
although it can cause severe disease.°*? 


Genetic variation of DENV, however, is not limited to serotype. Geographic variants 
within a serotype were initially identified by RNAse fingerprint assays.?7>!!°4 Subsequently, 
nucleic acid sequencing confirmed differences within each serotype, allowing for 
classification of genotypes that vary further by up to approximately 6% and 3% at the 
nucleotide and amino acid levels, respectively.4’°°?! DENV genotype classification 
originally was defined by sequence variation within a given genomic region (e.g., E and NS1 
sequences). More recent analysis has used full-genome sequencing to assign a phylogenetic 
classification. Although there remains some dissonance among investigators because of a 
lack of defined, formal definitions,22° most classification schemes include five DENV-1 
genotypes, four or five DENV-2 genotypes, four DENV-3 genotypes, and two or three 
DENV-4 genotypes.?°*!!8° Beyond serotype and genotype, two further types of DENV 
complexity should be mentioned: strain variation and quasispecies. DENV strain variation 
refers to the limited amino acid change that occurs among isolates of a given genotype. Strain 
variation may be functionally important as it can affect antibody neutralization, presumably 
due to changes at key sites within or that affect the display of antigenic 


epitopes, 124.1078,1162,1258 


In addition to serotype, genotype, and strain variation, DENV has the capacity to 
accumulate variation rapidly within an individual host. Viral quasispecies is composed of a 
cloud of variants that are linked by a spectrum of mutations. It is observed during infection 
by many RNA viruses (e.g., HCV, HIV, and influenza) and creates the diversity that allows a 
viral population to adapt rapidly to dynamic environments and evolve resistance to immune 
responses, vaccines, and antiviral drugs.°°°!!°° DENV (and other flaviviruses) exist as a 
collection of highly similar variants forming a quasispecies!!”? by virtue of its error-prone 
NS5 polymerase, which has an estimated mutation rate of 10° to 10° substitutions per 
nucleotide copied per round of replication.'”?'!°7 DENV intrahost diversity in humans 
appears to be driven by immune pressures as well as replicative success in cells.°°9 Hot spots 
for intrahost variation were identified in the viral E and prM/M proteins and appeared to be 
immune escape variants. In other studies, DENV quasispecies generation was associated with 
the development of rapid drug resistance against nucleoside inhibitors of the RNA-dependent 
RNA polymerase.’!* Apart from these reports, the study of genetic and intrahost diversity for 
DENV is still in its relative infancy, and thus more analysis is warranted to define how 
mutation and variation impact fitness, tropism, and drug or immune system resistance. 


Clinical Features of Acute Dengue Fever: Primary DENV 
infection 

DENV infection of humans after mosquito inoculation causes a spectrum of clinical disease 
ranging from inapparent disease (~50% of infections? '4*°*) and self-limited DF to severe 
dengue. A classical presentation of DF is an abrupt onset of a debilitating febrile illness 
characterized by headache, retro-orbital pain, myalgias, arthralgias, and a maculopapular rash 
that occurs 2 to 7 days after mosquito inoculation.2°° Some individuals experience severe 
bone and joint pain (“breakbone fever”) and develop petechial hemorrhages that are 
associated with mild to severe thrombocytopenia. There is no specific constellation of signs 
or symptoms to differentiate DF from other acute flu-like viral syndromes, so a health care 
provider must have a high index of suspicion for diagnosis in the setting of the appropriate 
epidemiology. DF also may present in a less classical form as an undifferentiated febrile 
illness with rash along with mild upper respiratory symptoms (cough, pharyngitis, rhinitis), 
particularly in children. DF is usually self-limited, lasting 1 to 2 weeks, although some (up to 
25% of hospitalized patients) experience a prolonged postinfectious fatigue and depression 
syndrome that can persist for weeks, akin to that seen after Epstein-Barr virus infection and 
mononucleosis.!°°° Because of the debilitating fever and musculoskeletal symptoms, the 
morbidity toll is high in clinically apparent DF, although the mortality rate is exceedingly 
low. 


Clinical Features of Severe Dengue: Secondary and Infant 
DENV Infection 


The incidence of severe dengue (which includes DHF/DSS) varies considerably between 
primary and secondary infections. A secondary DENV infection results when a person 
previously infected with one serotype is exposed to a different serotype and is the single most 
important risk factor for severe dengue disease. /47°044!2,428 Epidemiologic data in Thailand 
have shown greater than 10-fold higher rates of DHF/DSS during secondary compared to the 
primary infection of children.''4® It should be pointed out that even during secondary 
infection, severe dengue is quite rare, with only 0.5% of secondary infections progressing to 
this disease. Severe dengue is characterized by rapid onset of capillary leakage accompanied 
by thrombocytopenia and mild to moderate liver damage reflected by increases in serum 
levels of hepatic enzyme (e.g., aspartate aminotransferase and alanine aminotransferase).*7* 
Severe dengue usually occurs as a second phase of the illness, after a short period of 
defervescence from the initial fever. Hemorrhagic manifestations are observed in a subset of 
cases and include petechiae, epistaxis, gastrointestinal bleeding (hematemesis or melena), 
menorrhagia, and a positive tourniquet test. Use of the term hemorrhagic fever instead of 
dengue capillary leak syndrome has led many to anticipate that bleeding is the greatest threat. 
Rather, fluid loss into tissue spaces with hemoconcentration and hypotension can result in 
shock, which carries the highest risk of mortality.°** From a diagnostic standpoint, an 
elevated hematocrit and upper abdominal ultrasonogram showing a thickened gallbladder 
wall, hepatomegaly, ascites, or pleural effusions are evidence of fluid shifts associated with a 


capillary leak syndrome. 
Whereas severe dengue occurs largely after secondary infection by a different DENV 
serotype in children and adults,*** in infants less than age 1 born to dengue-immune mothers, 


a primary infection can cause significant morbidity and mortality.42°48°!0°® In clinical 
studies, maternal anti—dengue neutralization antibody titers and age of the infant correlated 
with disease. The actual age at which severe dengue occurs in infants (peak at 7 months) 
corresponds to the age at which serum antibodies most efficiently enhance the infection of 
primary monocytes observed in vitro via a mechanism called antibody-dependent 
enhancement (ADE) of infection, described below.°°® Clinical manifestations of severe 
dengue are more prevalent in infants,4°° and there is an approximately fourfold higher 
mortality rate compared to other age groups.°°° Infants represent approximately 5% of 
children hospitalized with severe dengue in many parts of Southeast Asia.'®*78+4*5 The more 
prevalent or severe clinical manifestations associated with infant dengue include seizures, 
hepatic dysfunction, thrombocytopenia, high-grade fever, diffuse rash, peripheral edema, 
ascites, and frank shock.*®° 

More recent clinical studies have suggested that severe DENV infection also can have 
neurological manifestations including transverse myelitis, Guillain-Barré syndrome (GBS), 
encephalitis, and encephalopathy,!°!!'*° occurring in as many as 1% to 6% of severe 


dengue cases.!°’4°°-4 In contrast to other encephalitic flaviviruses (e.g., JEV, WNV, or 
TBEV), DENV historically has not been considered as neuroinvasive. However, the 
discovery of DENV and anti-dengue IgM in the cerebrospinal fluid of patients with 


encephalopathy suggests that it may be capable of causing central nervous system infection 
as part of a severe syndrome, at least in a subset of individuals.°””!°°! In support of this, 
focal imaging abnormalities have been detected in brain MRI scans of DENV-infected 
patients.!°”1!84 Although it is increasingly appreciated that neurological involvements of 
DENV in the CNS peripheral nervous system can occur,°** a more complete understanding 
of the molecular determinants of neurotropism remains to be defined. 


Pathological Features of Severe Dengue 


Although DENV is the most prevalent mosquito-transmitted viral infection in the world, 
there are few detailed autopsy series of patients who succumbed to severe dengue, and fewer 
performed with newer molecular techniques and markers. Detailed histopathological studies 
that might inform a basic understanding of DENV pathogenesis are rare because much of the 
lethal disease occurs in regions lacking sophisticated laboratory infrastructure, highly trained 
personnel, and repositories for long-term tissue storage. Forensic studies also are complicated 
by the lack of standardization of histological procedures and variation in the quality of 
specimen preparation and storage. 


A summary of the autopsy literature from a total of 160 fatal DHF/DSS cases occurring 
primarily in children and adolescents has been published.’°° Pathological findings in the liver 
include centrilobular necrosis, changes in fatty tissue, inflammatory leukocyte infiltration, 
and Kupffer cell hyperplasia.°?!*! Gross macroscopic examination revealed multiple 
hemorrhagic foci. Microscopic analysis has shown increased inflammatory infiltrates around 
the portal vessels, sinusoidal congestion, small hemorrhages, midzonal hepatocyte necrosis, 
and microvesicular steatosis.°°°*"! In other tissues (spleen or lung), hemorrhage, tissue 
edema, and plasma leakage have been observed.°° 


A key to understanding the pathogenesis of severe DENV infection is defining the 
cellular tropism of infection, which could influence the host inflammatory response that 
results in the capillary leak syndrome. Autopsy series have shown the presence of DENV 
antigen or nucleic acid in cells of the skin, liver, spleen, lymph nodes, kidney, lung, thymus, 
or brain.?'6°.216.411,508,525,744,945 However, several of these studies used in situ hybridization 
or RI-PCR-based assays and thus have not definitively shown that infectious virus is 
produced in a given cell of a target tissue. Infectious virus can be isolated reliably from 
blood, lymphoid tissues, and the liver, although the cellular source of the virus remains 
controversial. Studies in humans, nonhuman primates, and small animal models support a 
role for infection of myeloid cells (blood monocytes, tissue macrophages, Kupffer cells) and 
possibly other cells including hepatocytes*!’ and endothelial cells.°'**° 


Zika Virus 


History, Global Distribution, and Epidemic Cycle 


ZIKV was first isolated in 1947 in the Zika Forest of Uganda.7°7°7!04 Over the next 60 
years, ZIKV was isolated from mosquitoes in East Africa, West Africa, and Southeast Asia, 
and serological surveys suggested that ZIKV circulated sporadically in humans in these 
regions (reviewed in Ref.'*°°). Despite evidence of ZIKV circulation, reports of human cases 
were rare, with the first known significant ZIKV outbreak occurring in 2007, in 
Micronesia.7°”°9* The introduction of ZIKV into a small island population without prior 
immunity may have provided an opportunity to observe ZIKV disease that went unnoticed in 
endemic transmission settings. This outbreak marked the emergence of ZIKV as a globally 
significant human pathogen, as over the next decade the virus spread throughout Oceania, 
causing a large outbreak in French Polynesia,‘°? and then in Latin America. The first 
autochthonous ZIKV cases in the Americas were reported in Northeast Brazil in 2015, 
though the virus most likely was introduced at least 1 year prior.!°8?!7741,!*9° Within a year 
of the first reports, the virus had spread throughout Latin America and the Caribbean, in 
explosive fashion with infection rates of 50% to 90% in many areas. With more than 200,000 
confirmed cases and more than 500,000 suspected cases from 2015 to 2017, and only 
approximately 25% to 50% of ZIKV infections being symptomatic,°°787°/17"4 it is likely 
that millions of people were infected. The rapid and intense spread of ZIKV in the Western 
Hemisphere likely was enabled by an abundance of Aedes aegypti mosquito vectors and 
immunologically naive populations in urban areas. While ZIKV transmission has waned in 
the Americas (possibly due to herd immunity), infections continue to occur in Africa and 
Asia??4-499.1039,1220- the attention resulting from the emergence of ZIKV in the Americas is 
likely to bring greater recognition of ZIKV-associated disease in areas where it previously 
went unnoticed. 


ZIKV initially was isolated from a sentinel rhesus macaque, an Asian monkey not 
necessarily representative of primate hosts native to the Zika Forest. ZIKV subsequently was 
isolated from Aedes africanus mosquitoes, and multiple monkey species in the Zika Forest 
were found seropositive for ZIKV, implying that ZIKV circulates in a sylvatic cycle between 
mosquitoes and monkeys.*!*’*? Small mammals in the Zika Forest did not show serological 
evidence of ZIKV infection.*!° Other historical studies have reported ZIKV seropositivity in 
a variety of vertebrate species, but analyses that detect antibody binding (e.g., 
hemagglutination inhibition, complement fixation, or ELISA) should be interpreted with 
caution, as antigenic cross-reactivity between flaviviruses can make it difficult to ascertain 
specificity, particularly in areas where multiple flaviviruses co-circulate. Recent work using 
more specific serological assays found ZIKV-seropositive grivets and ZIKV-seropositive 
baboons in Tanzania and the Gambia.!* Altogether, these studies are consistent with a model 
in which primates (both humans and monkeys) are the primary vertebrate hosts for ZIKV. 


Both Old World and New World primates can be infected with ZIKV experimentally (see 
“Animal Models”). However, it remains an open question whether ZIKV will establish a 
nonhuman primate reservoir in Latin America, as did YFV. Alternatively, ZIKV may behave 
more like DENV, which has a sylvatic cycle in Old World monkeys but in Latin America is 
maintained exclusively through transmission between humans and mosquitoes. 


ZIKV Diversity 


ZIKV is classified in the Spondweni serogroup, and to date, these two viruses are the only 
members of this clade. ZIKV strains form a single serotype~’’ but are genetically divided into 
African and Asian lineages. The African lineage includes the prototype strain isolated in 
1947, as well as strains isolated from mosquitoes in Senegal and the Central African 
Republic in the 1970s and 1980s. This lineage continues to circulate, as African lineage 
strains were detected in contemporary samples from West Africa.*°? Asian lineage strains 
include ZIKV strains isolated from Southeast Asia and all outbreak strains from Oceania and 
Latin America.*!”74! Following the emergence of ZIKV in the Americas, Asian lineage 
strains were detected in individuals in Africa, suggesting that both Asian and African lineage 
strains now may circulate in Africa.?’? Furthermore, while American ZIKV strains have been 
reintroduced to Asia by travelers, Asian lineage strains distinct from those in the Americas 
continue to circulate in Southeast Asia and were responsible for a 2016 outbreak in 
Singapore and a 2018 outbreak in India.!°°9:!9%9-'*29 ZIKV strains associated with disease in 
the Americas, particularly congenital Zika syndrome (CZS), have genetic differences 
compared to earlier African and Asian strains not associated with significant disease. The 
causal role for these variants in ZIKV pathogenesis remains unclear, but they may have the 
potential to enhance neurovirulence or the efficiency of mosquito transmission. !849:!295 


ZIKV Transmission 


ZIKV endemic and epidemic transmission can be sustained by direct transmission between 
humans and Aedes aegypti mosquitoes in an urban/peridomestic cycle without a requirement 
for other vertebrate animals as amplifying hosts (Fig. 9.7). ZIKV has been isolated from 
many species of Aedes mosquito, but only a subset are competent vectors for transmission 
(reviewed in Ref.°°°). Aedes aegypti is a key vector for ZIKV transmission because of its 
high competence, abundance throughout the tropics and subtropics, and anthropophilic 
nature. During the emergence of ZIKV in the Americas, autochthonous transmission in the 
United States occurred in southern Florida and Texas, where Aedes aegypti mosquitoes are 
found.*?”°*4 Subsequent spread to regions where Aedes albopictus mosquitoes dominate did 
not occur, but it is difficult to ascertain whether this was because Aedes albopictus is not an 
efficient ZIKV vector or because interventions that limit mosquito exposure prevented 
extensive spread. 
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FIGURE 9.7 Transmission cycle of Zika virus. ZIKV infection in humans 
produces sufficiently high viremia to allow direct transmission between humans 
and Aedes spp. mosquitoes; this transmission mechanism is similar to other 
Aedes-borne flaviviruses and is responsible for most ZIKV infections. Unlike 
other flaviviruses, ZIKV also can be transmitted directly between humans 
through congenital and sexual routes. These vector-independent transmission 
mechanisms are notable because they involve distinct tissue tropism compared to 
mosquito-borne transmission and can produce distinct disease outcomes, most 
notably neurodevelopmental defects in infants infected in utero (congenital Zika 
syndrome). 


ZIKV outbreaks are driven by mosquito transmission. However, ZIKV is unusual 
compared to other flaviviruses in also being transmitted directly between humans through 
sexual contact. While ZIKV sexual transmission became evident through travel-associated 


cases in the Americas,*’“°° the first reported case predates this epidemic and resulted from 
ZIKV infection in Africa.*°4 Even with decades of comparable travel-associated DENV 


cases, !71,490,933,1204 there is no evidence of DENV sexual transmission. As it is difficult to 


evaluate ZIKV sexual transmission in regions that also support mosquito transmission, the 
epidemiologic significance of ZIKV sexual transmission remains uncertain. However, vector- 
independent transmission may broaden the geographic area over which ZIKV outbreaks can 
be sustained. The mechanisms that enable ZIKV sexual transmission are unknown, but likely 
include tropism for tissues in the male and female reproductive tracts. ZIKV infects human 
testicular cells in culture’!®1°°° and targets the testes in mouse models.°°*°°:'!49 However, 
sexual transmission from vasectomized men and mice implies that tissues other than the 
testis contribute to the presence of ZIKV in semen.**2°°.398 ZIKV RNA can be detected in 
semen for months following the resolution of acute infection,’*°**°°°*!!°> suggesting that 
ZIKV infection may persist in the testes or other tissues of the male reproductive tract. ZIKV 
also has been detected in vaginal secretions of infected women®?>®°38°7 and replicates in the 
vaginal epithelium of experimentally inoculated mice and macaques. !49-169.1103,1228 


ZIKV can traverse the placental barrier and cause fetal infections, producing congenital 
ZIKV syndrome (CZS) in a subset of exposed pregnancies. While other arboviruses are 
known to be teratogenic in livestock,*’* and other flaviviruses have been associated with 
adverse pregnancy outcomes,®°’ ZIKV is the first example of a flavivirus with clear evidence 
of teratogenicity in humans. Congenital infection is a transmission dead end for arboviruses, 
so fetal/placental infection likely is an incidental outcome rather than an adaptive trait. 
However, congenital infection is associated with prolonged maternal viremia,7°>7778471005 
potentially extending the period during which infected individuals can transmit the virus to 
mosquitoes. 


Clinical Features of ZIKV Infection 


Most ZIKV infections are asymptomatic, with approximately 25% to 50% progressing to 
febrile illness. Maculopapular rash is the most common manifestation of ZIKV infection, 
along with fever, headache, myalgia, and conjunctivitis.”°*°°” Symptoms typically manifest 
within 3 to 7 days of a mosquito bite and usually are self-limited. Prior to its emergence in 
the Western Hemisphere, ZIKV was considered a benign infection, but large-scale outbreaks 
after 2013 revealed more serious disease manifestations. ZIKV infection has been associated 
with GBS, a postinfectious autoimmune peripheral neuropathy.'!*-!°%8°5 There also are 
isolated reports of more severe manifestations of ZIKV including meningitis, encephalitis, 
and thrombocytopenia, usually in individuals who are immunocompromised or have other 
comorbidities.!°°°°9 ZIKV also can target tissues in the eye, leading to uveitis and other 
ophthalmological diseases.**1°*°”°? ZIKV also targets tissues in the male reproductive tract, 
allowing for sexual transmission and causing urogenital disease including 
hematospermia.*°*°°° Although ZIKV generally is considered to be an acute illness, 


infection of immune-privileged tissues such as the eye and male reproductive tract allows for 
viral persistence. 10.466.726.825,863,1135 


Although ZIKV infection in adults rarely causes significant or durable morbidity, 


infection during pregnancy can result in intrauterine growth restriction and a spectrum of 
neurodevelopmental defects.*!® The teratogenic effects of ZIKV were first noted in 2015 in 
Northeast Brazil as an increase in cases of microcephaly following the ZIKV outbreak in that 
region.®°° Subsequently, microcephaly and other neurodevelopmental defects were associated 


with the ZIKV outbreak throughout Latin America, !°°197:249:247,248,335,471,605, 755,851,971 and 
retrospective studies found an increase in similar outcomes associated with the 2013 to 2014 


ZIKV outbreak in French Polynesia.®°'”? Studies in nonhuman primates corroborate the 
teratogenic effects of ZIKV during pregnancy.*?209286.408,465,687,708,761,823,1007 Though the 
mechanisms that cause congenital anomalies are still being determined, ZIKV appears to 
target neural progenitor cells in the developing brain,**.°>'°! eliciting a range of 
neurological effects including microcephaly, seizures, impaired motor function, vision and 
hearing loss, arthrogryposis, and cognitive impairment. Neural progenitor cells could be 
damaged directly by viral infection or indirectly by inflammatory responses, which can 
inhibit cell proliferation, trafficking, and differentiation.°’® ZIKV infection also can damage 
the placenta, resulting in intrauterine growth restriction and impaired fetal 
development.7©:80,908,916,1096 The long-term effects of ZIKV exposure in utero remain to be 
determined, but the 2-year follow-up of the earliest cohorts of CZS cases has found severe 
motor impairment, seizure disorders, hearing and vision abnormalities, and sleep difficulties; 
these children are developmentally delayed and likely will require long-term support.’°*+?”4 
Congenital ZIKV infection also may result in subtle cognitive or functional deficits that 
could become apparent as affected children develop. The rate at which ZIKV infection during 
pregnancy results in CZS is still under investigation, as are the factors modulating this risk, 
with one study identifying rates as high as 42% of ZIKV-infected pregnant women!” and 
other studies finding rates of approximately 5%.!°!® ZIKV infection at any gestational stage 
can result in CZS, although exposure earlier in pregnancy seems to produce more severe 
manifestations. Fetal outcome does not depend on maternal disease severity, and even 
asymptomatic maternal infection can result in CZS. Although ZIKV can circumvent the 
placental barrier and access the fetal compartment, the mechanism by which it does so 
remains unclear.*!® ZIKV can infect placental macrophages,”’® but the syncytiotrophoblasts, 
which form the interface between the placenta and maternal circulation, do not support viral 


replication.°**!4_ ZIKV may access susceptible cytotrophoblasts at sites of placental 


implantation into the decidua,!°%° or the maternal immune response may compromise the 
integrity of the placental barrier. 


The extensive antigenic cross-reactivity between ZIKV and DENV creates the possibility 
that prior DENV exposure could modulate the outcome of ZIKV infection. The emergence of 
ZIKV in regions with high DENV seroprevalence implies that prior DENV infection does not 
provide durable protection against ZIKV. However, cross-reactive immunity may provide 
short-term protection or reduce disease severity.2”4°9°:’”9°4° Although cross-reactive 
nonneutralizing antibody responses between different DENV serotypes can exacerbate 


DENV disease via ADE,”!* currently there is no evidence that DENV antibodies enhance 


ZIKV infection in humans or nonhuman primates.?”*’/98°8 A greater risk may be that cross- 
reactive antibodies from a prior ZIKV infection could exacerbate subsequent DENV 
infection, which will become apparent now that the two viruses are coendemic in Latin 
America and Southeast Asia. 


Pathological Features 


Since ZIKV disease in adults typically is self-limited and benign, it is not generally 
associated with significant pathology beyond erythematous maculopapular lesions and 
petechiae.*’! Although the range of manifestations that constitute CZS is not fully known, 
pathological features have been described, particularly for severe presentations.!9724>>706 
Overall, the pathological features of CZS are similar to other congenital infection syndromes, 
such as those caused by human cytomegalovirus or rubella virus. The brains of severely 
affected fetuses and infants exhibit lissencephaly, hypoplasia, calcifications, and 
ventriculomegaly, most often seen when ZIKV exposure occurred early in gestation. Other 
commonly reported lesions include microglial nodules, gliosis, neurodegeneration, and 
necrosis. Affected fetuses also may exhibit microphthalmia, and infants may present with 
ophthalmological disease including focal pigment mottling, chorioretinal atrophy, and optic 
nerve atrophy.**®°22!!5! The ophthalmological effects of ZIKV infection may not be limited 
to in utero exposure, as ZIKV-associated uveitis has been reported in adults, including 
chorioretinal lesions.°*°»’29 Congenital ZIKV infection is associated with placental damage, 
which likely is an additional source of fetal damage beyond direct viral-induced 
pathology.!97749-7° Placental findings include chronic villitis, stromal fibrosis and 
calcifications, and chorionic vasculitis. In a subset of affected fetuses, ZIKV RNA and 
antigens have been detected by in situ hybridization and immunohistochemistry. 


Yellow Fever Virus 


History, Global Distribution, and Epidemic Cycle 


Several reviews have described the historical details and epidemiology of YFV 
infection.°”799-**8 The causative agent of yellow fever (YF), YFV, was first isolated (strain 
Asibi) in 1927 after inoculation of a rhesus monkey with the blood of a patient from 
Ghana.!?”4 YFV originated in Africa, was imported into the Americas during the slave trade, 
and had the first reported epidemic in the Yucatan in 1648.°! Historically, large epidemics of 
YF disease occurred beyond these regions and were described in the 17th through 20th 
centuries as far north in the Americas as Canada, as well as in parts of Europe including 
Spain, Italy, France, and England.’°* Despite the presence of an effective vaccine (17D 
strain), with more than 500 million doses administered to humans,°*“? YFV infection has 
remained a public health threat in some parts of the world. Currently, YFV is endemic in 
tropical regions of Africa and the Americas, infects humans and nonhuman primates, and is 
transmitted by mosquitoes including Aedes aegypti. The WHO estimates an incidence of 


200,000 YF cases per year, leading to approximately 30,000 to 60,000 deaths with the 


majority occurring in sub-Saharan Africa.®4© Overall, 47 countries in Africa and the 
Americas are considered within the modern YFV-endemic zone, with 600 to 700 million 


people at risk of infection.*99°*8 


The sylvatic or jungle cycle of YFV in which transmission occurs between mosquitoes 
and monkeys explains why extensive vaccination campaigns have reduced but not eradicated 
infection. In East Africa, YFV infection is maintained in monkey transmission cycles in the 
jungle with the Aedes africanus mosquito vector. Periodically, infection may cross into 
humans during an intermediate savannah cycle, with transmission by several different Aedes 
mosquito species (e.g., Aedes bromeliae). Indeed, in the Americas, most cases appear to be a 
result of humans exposed to the jungle cycle of YFV.° Epidemic YFV infection (human— 
mosquito—human cycle) ensues in urban or domestic areas with Aedes aegypti as the 
principal mosquito vector. Rapid urbanization in Africa and the Americas with population 
shifts from rural to urban settings combined with the collapse of mosquito eradication 
programs has allowed the Aedes aegypti vector to repopulate many parts of the world and 
caused YFV to be classified as a reemerging threat.24® 


Unfortunately, dramatic increases in YFV incidence have occurred recently in areas that 
had been considered essentially free of YF.°%°°° In 2013, YFV infection resulted in 130,000 


cases and 78,000 deaths in Africa.*°° In Uganda and Brazil in 2016, YFV infections and 
deaths were associated with a lack of vaccination and likely were due to sylvatic 


transmission.?!©°8 In 2016, urban YF occurred in Angola and the Democratic Republic of 
the Congo and was difficult to contain due to vaccine shortages. 


YFV Diversity 


YFV does not belong to an antigenic subgroup based on plaque reduction neutralization 
assays,/°? but shows greater genetic relationship to other African flaviviruses including 
Banzi, Wesselsbron, and Bouboui viruses. Indeed, cross-protection against YFV infection in 
monkeys has been shown after immunization with some of these related viruses.*°° Although 
there is only one serotype of YFV, there is significant diversity within the genus. Seven 
genotypes have been proposed including two West African genotypes, a single Central/South 
African genotype, two East African genotypes, and two South American genotypes.*”” These 
genotypes of YFV were originally defined based on nucleotide variation of greater than 9% 
in the prM, E, and 3’ UTR gene regions®!°.'"!®* and have been confirmed with full-genome 
sequencing of YFV isolates.''°? Phylogenic studies suggest that YFV originated in East or 
Central Africa and was introduced subsequently into West Africa and South America.°°9°!0 
Beyond genotypes, sequence analysis of 135 YFV strains isolated from 1935 to 2016 in 
Brazil revealed further strain divergence into clades that differ at the nucleotide and amino 
acid level by up to 7% and 5%, respectively.''*° The physiological basis for genotype- 
specific amino acid variation between YFV isolates remains uncertain although it is likely 
that selection confers a phenotypic advantage in a given host. 


Clinical Features of YF V Infection 


In humans, YFV infection causes a variable clinical syndrome ranging from no symptoms to 
mild febrile flu-like illness to fulminate and possibly fatal disease. Approximately 15% of 
people who become infected develop a severe visceral disease, and in this group, there is a 
20% to 50% case fatality rate.”°” Symptoms occur within 3 to 6 days of mosquito inoculation 
and include an abrupt onset of fever, chills, myalgia, back pain, and headache during the 
initial period of infection, which usually lasts 3 days and corresponds to peak viremia. 
During this phase, individuals are infectious to mosquitoes. In some, this stage may be 
followed by a short “period of remission,” with defervescence and improvement of clinical 
sign and symptoms. Shortly after, in a subset (20%) of patients, fever and symptoms worsen 
(“period of intoxication”) with vomiting, epigastric pain, and jaundice; this is associated with 
YF'V replication in the liver, an absence of viremia, and measurable anti-YFV antibodies in 
serum. As time progresses, severe YFV infection evolves into a hemorrhagic fever 
characterized by severe hepatitis, renal failure, hemorrhage, shock, and multiorgan failure. A 
bleeding diathesis manifests with melena, hematemesis, epistaxis, ecchymosis, menorrhagia, 
petechial hemorrhages, and blood oozing from mucus membranes. Renal failure is associated 
with an abrupt decrease in urine output and albuminuria. Laboratory tests show leukopenia, 
thrombocytopenia, and a coagulopathy. Death occurs on the 7th to 10th day of illness and is 
preceded by hemodynamic and cardiovascular instability, acute liver failure, hypothermia, 
hypoglycemia, and coma. For those individuals surviving severe YFV_ infection, 
convalescence is prolonged with hepatitis and associated constitutional symptoms persisting 
sometimes for months. 


Pathological Features of YF V Infection 


Macroscopic gross pathology of tissues from YFV infection autopsy studies shows an 
enlarged and icteric liver and edematous and enlarged kidneys and heart. Microscopic 
pathologic analyses of the liver reveal six major features,?4°°4!,’8 which occur primarily 
during the “period of intoxication”: (a) eosinophilic degeneration of hepatocytes and Kupffer 
cells; (b) midzonal hepatocellular swelling and necrosis, with sparing of the cells in the portal 
area; (c) the presence of Councilman bodies coincident with hepatocyte cell death; (d) 
absence of leukocyte inflammatory infiltrates; (e) microvesicular fatty changes and lipid 
accumulation, likely secondary to decreased apoprotein synthesis by hepatocytes; and (f) 
retention of the reticulin structure. YFV antigen and RNA are demonstrable in hepatocytes by 
immunohistochemistry or in situ hybridization,*“* and this, coupled with the absence of 
inflammation, suggests that cell death is mediated directly by virus infection, likely via an 
apoptotic mechanism.’°%-9°° 

In the kidney, severe eosinophilic degeneration and a microvesicular fatty change of renal 
tubular epithelium are observed, analogous to that seen in the liver. Viral antigen can be 


detected by immunohistochemistry in renal tubular cells.*** Glomerular damage and 
albuminuria with changes in the basement membrane and degeneration of cells lining the 


Bowman capsule may be due to direct viral injury’°® or secondary to decreased blood flow 
during the sepsis syndrome.*“° The spleen shows an overall loss of lymphocytes, hyperplasia 
of the follicle, appearance of large mononuclear tissue histiocytes, and degeneration of cells 
with accumulation of fragmented nuclei.°** In monkeys, necrosis of B-cell follicular areas of 
the spleen is more apparent.’°? In the heart, myocardial cells also undergo apoptotic changes 
as in other organs, in the absence of a significant cellular inflammatory response. Patchy 
lesions have been described in the sinoatrial (SA) node and bundle of His,°°* which could 
explain the paradoxical bradycardia and late cardiac death observed in some severe YFV 
cases. 


Hemorrhagic manifestations and plasma leakage from capillaries are characteristic 
findings of severe YFV infection.’°° The bleeding manifestations are attributed to decreased 
synthesis of vitamin K—dependent coagulation factors by the injured liver, disseminated 
intravascular coagulation, and reduced platelet numbers and function. Beyond direct 
bleeding, there is additional vascular dysfunction, with pleural and peritoneal effusions, and 
edema of several other organs, including the brain. At present, the precise pathogenesis of the 
vascular leakage syndrome associated with YFV remains unknown, although highly elevated 
levels of proinflammatory and vasoactive cytokines are observed. !108 


West Nile Virus 


History, Global Distribution, and Epidemic cycle 


WNYV was first isolated in 1937 in the West Nile district of Uganda from a woman with an 
undiagnosed febrile illness.!°4 Historically, WNV caused sporadic outbreaks of a mild 
febrile illness in regions of Africa, the Middle East, Asia, and Australia. Indeed, in the 1950s, 
detailed studies of WNV showed recurrent outbreaks in Israel®*°°° and high levels of 
seroconversion in adults from Egypt*®~’°°; these outbreaks and others in Africa generally 
were not associated with severe human disease. However, in the 1990s, the epidemiology of 
infection changed. New outbreaks in Eastern Europe were associated with higher rates of 
neurological disease.*”® In 1999, WNV entered North America and caused seven human 
fatalities in the New York area as well a large number of avian and equine deaths. Since then, 
WNV has been present throughout the continental United States as well in parts of Canada, 
Mexico, the Caribbean, and South America. Because of the increased range, the number of 
human cases has continued to rise: in the United States between 1999 and 2019, 51,684 cases 
were confirmed (48% of which were neuroinvasive) and associated with 2,374 deaths 
(https://www.cdc.gov/westnile/statsmaps/index.html). The highest incidence (3.4 cases per 
100,000 individuals) of WNV infection in the United States has occurred in South Dakota. 


WNYV cycles in nature between Culex mosquitoes and birds but also infects and causes 
disease in humans, horses, and other mammals (Fig. 9.8). Although its enzootic cycle is 
overwhelmingly between mosquitoes and birds, with mammals serving as “dead-end” hosts 
because of low-level and transient viremia, nonviremic transmission of WNV between 


cofeeding mosquitoes*®* suggests that mammals could act as reservoirs for mosquito 
infection. Most (~85%) human infections in the Northern Hemisphere occur in the late 
summer with a peak number of cases in August and September. This reflects the seasonal 
activity of Culex mosquito vectors and a requirement for virus amplification in the late spring 
and early summer in avian hosts. In warmer parts of the world, virtually year-round 
transmission is observed. Although more than 100 avian species are susceptible to WNV 
infection, in the United States, some are particularly vulnerable with a large number of deaths 
in crows, jays, and hawks. Ecology studies suggest that Culex pipiens, the dominant enzootic 
(bird-to-bird) and bridge (bird-to-human) vector of WNV in urbanized areas in the northeast 
and north central United States, shifts its feeding preferences from birds to humans during 
the late summer and early fall, coincident with the dispersal of its preferred host, the 


American robin (Turdus migratorius).°~° 
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FIGURE 9.8 Transmission cycle of West Nile virus. WNV is maintained in 
nature in an enzootic transmission cycle between mosquitoes and birds. Many 
vertebrate species, including humans, may also be infected as “dead-end” hosts 
for WNV. The resulting transient low-level viremia in mammalian hosts does not 
support sufficient infection of the mosquito vector to continue the transmission 
cycle. 


WNV Diversity 


Sequencing and phylogenic analysis of full-length genomes have resulted in a division of 
WNV strains into four or more distinct lineages.°+497°9!°8! However, most severe 


neuroinvasive WNV infections are attributed to strains from lineages 1 and 2. Lineage 1 
strains are separated into three clades (1a, 1b, and 1c). Clade 1a is composed of isolates from 
Europe, the Middle East, Russia, and the Americas and includes all strains from the United 
States and Canada. Clade 1b contains the naturally attenuated Australian variant, Kunjin 
virus, which forms a tight cluster with approximately 2% to 3% difference at the amino acid 
level from North American WNV strains.?°° Clade 1c is composed only of isolates from 
India, sometimes referred to as lineage 5 strains. Historically, lineage 2 isolates were isolated 
from sub-Saharan Africa and Madagascar and generally showed less ability to cause disease 
in humans and animals’!*”8; lineage 2 isolates now circulate in parts of Eastern Europe®”° 
where they have caused severe neurological disease and fatalities‘! There are fewer 
sequenced strains from lineage 3 and 4 WNYV, with only one lineage 3 isolate from Austria in 
1997*° and several lineage 4 isolates®*! from Russia between 2002 and 2006. A putative 6th 
WNV lineage has been described from Spain and is based on a small gene fragment.!!°? 
Koutango virus, which was initially classified as a different virus, is now considered a 7th 
lineage of WNV; it is unusual, as it has been isolated from ticks and rodents.*!° Within a 
given ecological niche, possibly because of its enzootic cycle, WNV has remarkable genetic 
stability despite its error-prone RNA-dependent RNA polymerase; full-length sequencing 
analysis of North American isolates over the past decade has revealed a rate of approximately 
5 nucleotide and less than 1 amino acid mutation per genome per year, with little geographic 
subdivision.240.1104 


Clinical Features of WNV Infection 


Seroprevalence studies suggest that most (~80%) cases are subclinical, without significant 
symptoms. Among clinical cases, many develop a self-limiting illness termed “WNV fever.” 
This syndrome begins after a 2- to 14-day incubation period and is characterized by fever 
accompanied with myalgia, arthralgia, headache, fatigue, gastrointestinal complaints (nausea, 
vomiting, and diarrhea), maculopapular rash, or lymphadenopathy. This nonneuroinvasive 
form of WNV infection can be severe as 38% of patients with WNV fever were hospitalized 
with a mean length stay of 5.4 days.*°° A subset of the symptomatic cases progress to the 
neuroinvasive forms of WNV infection, including acute flaccid paralysis, meningitis, 
encephalitis, and ocular manifestations*®!°!°; in many instances, a combination of these 
syndromes is present. Overall, about 1 in 150 WNV infections result in the most severe and 
potentially lethal form of the disease. During an epidemic, the seroconversion rate is 
approximately 3%,’9*1!%* and the attack rate for severe disease during an epidemic is 
approximately 7 per 100,000.4°° The risk of severe WNV infection is greatest in the 
elderly.2°'8!41152 At least two studies have estimated a 20-fold increased risk of 
neuroinvasive disease and death in those over 50 years of age.*°-8!4 Persistent movement 
disorders, cognitive complaints, and functional disability may occur after West Nile 
neuroinvasive disease. West Nile poliomyelitis-like disease may result in limb weakness or 
paralysis. Moreover, even patients with apparently mild cases of acute disease have sustained 
subjective and somatic sequelae following WNV infection. Thus, the neurological and 


functional disability associated with WNV infection represents a considerable source of 
morbidity in patients long after their recovery from acute illness.!0°8-!0"! 
Although most human WNV infections occur after the bite of an infected Culex 


mosquito, other routes have been reported including via transfusion, organ transplantation, 
congenital, and breast milk transmission. In 2002, 23 cases of WNV infection were identified 


after transfusion of blood products.°°* These cases led to the development and 
implementation of nucleic acid amplification tests, which have been used to identify infected 
pools or individual blood product samples!**°7! and largely prevent transmission by 
transfusion. Nucleic acid screening of blood donors has not completely eliminated 
transfusion-transmitted WNV infections as “breakthrough” infections have occurred and 
were attributed to units that had levels of viremia below the sensitivity of the screening 
assay.‘“4 In addition to transfusion-associated WNV infection, organ transplantation— 
associated cases have been reported.°°°°”° Because of the relatively low incidence of WNV 
infection in organ transplantation and risk of false positives that can occur with wide-scale 
testing, screening is not mandated. 


Pathological Features of WNV Infection 


WNYV causes encephalitis in several vertebrate species including humans, horses, and birds, 
by virtue of its ability to infect and cause injury to neurons through direct (viral-induced) and 


indirect (immune response induced) mechanisms.!’* Pathologic observations in humans, 
however, are limited by the small number of autopsy studies on individuals succumbing to 
WNYV infection. Gross macroscopic examination of organs (brain, lung, kidney, and spleen) 


tends to be unremarkable.°*? Microscopic examination of the brain in humans and other 


animals reveals histological changes that are consistent with the clinical disease.*?°-°*? This 
includes neuronal cell death, activation of resident microglia and infiltrating macrophages, 


perivascular and parenchymal accumulation of CD4* and CD8* lymphocytes and CD138* 
plasma cells, and the formation of microglial nodules. These lesions, which tend to be patchy 
in distribution, occur in the brainstem, cerebral cortex, hippocampus, thalamus, and 


cerebellum.®*? Additionally, overt meningitis with cellular infiltrates in the meninges can be 
apparent. In some cases, destruction of vascular structures with focal hemorrhage is present, 
suggestive of a vasculitis; this may be associated with local compromise of the blood—brain 


barrier.2°*!!8° Immunohistochemical analysis and in situ hybridization confirm that WNV 
antigen and RNA are present in neurons from multiple regions of the brain, although other 


cells (e.g., astrocytes or CD11b* myeloid cells) may be infected to lesser degrees.27°7” 


WNV infection also causes a_ poliomyelitis-like syndrome of acute flaccid 


paralysis.*°°°'? Patients show markedly decreased motor responses in the paretic limbs, 
preserved sensory responses, and widespread asymmetric muscle denervation without 


evidence of demyelination or myopathy.°!? Microscopically, in the spinal cord, an intense 
inflammatory infiltrate around large and small blood vessels is observed with large numbers 


of microglia in the ventral horn. Anterior horn motor neurons are targeted by WNV,°!2:1028 


and studies suggest that axonal transport from peripheral neurons can mediate WNV entry 
into the spinal cord and induce acute flaccid paralysis.°™ 


A recent study in mice suggested that WNV infection in pregnancy, similar to ZIKV, 
might have the potential to cause congenital anomalies in fetuses. WNV replicated efficiently 
in human placental explants and caused similar levels of placental infection, transplacental 
transmission, and fetal demise in immunocompetent mice.®°° Several prior studies examined 
small cohorts of women infected with WNV during pregnancy and their offspring,°?2°99. 1042 
including one study of 77 pregnant women. Among infants born to WNV-infected mothers, 
two had microcephaly, one had lissencephaly, and eight exhibited abnormal postnatal growth, 
suggesting a microcephaly rate of 2.6% in this group of WNV-infected neonates. Although a 
Statistically significant link between congenital WNV infection and microcephaly was not 
established given the small numbers, more study of this possibility may be warranted. 


Although most mammalian WNV infections are cleared by the adaptive immune 
response, persistence in the kidney has been described, albeit infrequently. Hamsters 
experimentally infected with WNV developed chronic renal infection and viruria for up to 8 
months despite clearance from blood and the appearance of neutralizing antibodies. Although 
minimal histopathology was reported, WNV antigen staining was detected in the renal 
epithelium, interstitial cells, and tubules.!!!? Interestingly, these persistent viruses evolved 
genetically and no longer caused neuroinvasive disease on challenge of naive animals.!?!4 
Analogous to the studies in hamsters, WNV RNA was demonstrated in 5 of 25 urine samples 
from convalescent humans 1.6 to 6.7 years after the initial infection, although infectious virus 
was not successfully isolated.°°° In separate studies, higher viral RNA copy numbers were 
measured in the urine samples compared with the serum sample from the same patient during 
the acute phase,°!? although only a small fraction tested positive approximately 5 months 
later.” 


Persistent WNV infection in the CNS also has been suggested by experimental infection 
studies in monkeys, hamsters, and mice. In monkeys, WNV persisted at least 5.5 months 
after initial infection and was isolated in the cerebellum and cerebral subcortical ganglia but 
had lost its neurovirulence and cytopathic properties.°°° In hamsters, persistent WNV RNA 
and foci of WNV antigen—positive cells were identified in the CNS of hamsters between 28 
and 86 days after infection, !°*° and this was associated with long-term neurological sequelae. 
In mice, infectious WNV persisted in the brains of wild-type animals up to 4 months, and 
viral RNA could be detected at 6 months in up 12% of mice, even in animals with subclinical 
infection.°° Consistent with this observation, a model of persistent WNV disease was 
identified in a panel of genetically diverse mice, with virus in the brain observed for 
approximately 2 months.°°° The authors postulated that regulatory T-cell responses restrained 
the immune response, preventing clearance of the infection. 


Japanese Encephalitis Virus 


History, global Distribution, and Epidemic Cycle 


JEV is a mosquito-transmitted flavivirus and the prototype virus of the JEV antigenic 
serocomplex. JEV causes severe neurological disease, primarily in Asia, where it accounts 
for approximately 35,000 to 50,000 cases and 10,000 to 15,000 deaths annually.!!*? JEV 
epidemics originally were described in Japan in the 1870s, and the virus initially was 
recovered in 1935 from the brain of an infected human in Tokyo; this isolate was established 
as the prototype JEV strain (Nakayama).°!° While most human infections are asymptomatic, 
greater than 50% of the symptomatic cases are fatal or result in devastating long-term 
neurological sequelae.!°°' Moreover, as JEV-induced disease largely occurs in children living 
in rural areas, it is likely vastly underreported in most regions of Asia.1001105° 


The enzootic cycle of JEV is between waterbirds (e.g., egrets and herons) and 
mosquitoes, with pigs also serving as an amplifying host. JEV is transmitted primarily by 
Culex mosquitoes (principally Culex tritaeniorhynchus) that breed in rice fields and stagnant 
water. Humans are considered incidental targets and dead-end hosts, as they do not produce a 
viremia sufficient to infect mosquitoes. Two epidemiological patterns are observed: in 
northern temperate areas, JEV infections occur during the summer months, whereas as in 
tropical climates, year-round transmission of JEV has been described.*2! 


Globally, despite the introduction of several inactivated and live attenuated vaccines (see 
below), JEV remains an important cause of arthropod-transmitted viral encephalitis. Disease 
caused by JEV is widely distributed in Asia with outbreaks occurring in Japan, China, 
Taiwan, Korea, the Philippines, India, parts of Southeast Asia, and the Far Eastern region of 
Russia. While cases in China appear to be declining, possibly due to vaccination campaigns, 
epidemic activity in India, Nepal, and other parts of Southeast Asia appears to be escalating. 
More recently, JEV has been described in Pakistan, Papua New Guinea, and Australia, 
suggesting that its geographic range may be expanding.*°°.*°" 


JEV Diversity 


Phylogenetic analysis suggests that JEV evolved from an ancestral flavivirus in Africa, 
within the last few centuries.*”” Based on sequence analysis primarily of the viral structural 
genes, JEV was initially classified into a single serotype with four genotypes (I- 
IV), 197193.1134 with as much as 12% variation at the nucleotide level. These divisions have 
been confirmed by full-length genome sequencing on a subset of isolates. Genotype I 
includes isolates from Thailand, Cambodia, Korea, China, Japan, Vietnam, Taiwan, and 
Australia from 1967 to the present. Genotype II includes strains from Thailand, Malaysia, 
Indonesia, Papa New Guinea, and Australia from 1951 to 1999. Genotype III includes 
isolates recovered from mostly temperate areas of Asia including Japan, China, Taiwan, the 
Philippines, and the Asian subcontinent between 1935 and the present. Finally, genotype IV 
includes strains from Indonesia that were isolated only in 1980 and 1981. A fifth, more 
divergent genotype (V) was defined based on full-genome sequencing of a 1952 isolate from 
a patient in the Muar region of Malaysia’°? and a second isolate from Culex 


tritaeniorhynchus mosquitoes from 2011.°*! Genotype V strains have approximately 20% 
and 9% nucleotide and amino acid divergence, respectively, and showed significant variation 
with respect to neutralization by JEV-specific monoclonal antibodies.**° Additional sequence 
fragments of genotype V strains have been detected more recently in Korea,°*’ suggesting 
the possible emergence of this more diverse JEV clade. 


Because genotypes I and III largely were isolated in epidemic regions, and genotypes II 
and IV were associated with endemic transmission, differences in strain virulence were 
hypothesized to explain the epidemiological patterns of JEV.'°? However, as the geographic 
range of JEV has expanded, there are now several examples in which strains of individual 
genotypes cause either epidemic or endemic disease depending on the region or country.!°>* 


Clinical Features of JEV Infection 


In humans, JEV infection can be asymptomatic or produce a range of syndromes including a 
mild nonspecific febrile illness, aseptic meningitis, seizures, encephalitis, and poliomyelitis- 
like flaccid paralysis. Disease onset usually begins with a 1- to 2-week period of flu-like 
symptoms including headache, fever, cough, and upper respiratory symptoms as well as 
gastrointestinal complaints such as nausea, vomiting, and diarrhea. In infants and young 
children, the disease can progress rapidly as the virus invades the CNS and infects and 
injures neurons. CNS invasion is heralded by nuchal rigidity, photophobia, and altered mental 
status. JEV infection in the CNS can share features with Parkinson disease including mask- 
like facies, hypertonia, tremor, and cogwheel rigidity. Other CNS symptoms include seizures 
(more common in children than adults), ataxia, involuntary movements (e.g., choreoathetosis, 
facial grimacing, and lip smacking), and cranial nerve palsies. Associated with this are 
elevated white blood cell counts and pressure in the CSF and abnormal EEG examinations. 
Imaging studies in the brain have revealed thalamic and basal ganglia abnormalities during 
the acute phase of the disease.!°° Upper rather than lower extremity paralysis is more 
common, and lower motor neuron disease of the spinal cord can develop. Death can occur, 
especially in children, within 3 to 5 days of CNS symptoms or much later due to 
complications associated with hospitalization or cardiopulmonary status. A prospective study 
evaluated the clinical features and long-term prognosis of 118 children with encephalitis due 
to JEV in Malaysia.**° Only 44% of patients had a full recovery, with 8% dying during the 
acute phase of the illness and 31% having persistent and severe neurological sequelae. These 
included chronic seizures, motor dysfunction, and neuropsychiatric symptoms such as mental 
retardation and psychiatric disorders. 


Pathological Features of JEV Infection 


JEV infection in the brain results in neuronal degeneration, necrosis, microglial nodule 
formation, and perivascular and parenchymal leukocyte infiltrates as well as focal 
hemorrhage. Parenchymal damage in the CNS is attributed to both direct cytopathic effect of 
the virus in nonrenewing populations of neurons and the resultant inflammatory state induced 


by activated microglia and infiltrating leukocytes. While these histological findings can occur 
throughout the brain, they usually are more restricted to the gray matter in the cortex, 
midbrain, and brainstem, providing anatomical correlates for the tremor and dystonias 
associated with CNS infection. Focal lesions are seen predominantly in the thalamus and 
cerebral peduncles but also are observed in the substantia nigra, cerebral and cerebellar 
cortices, and the anterior horn of the spinal cord,!”°° the latter of which is associated with a 
poliomyelitis-like acute flaccid paralysis.'°°° In patients that die rapidly, there may be little 
histological evidence of inflammation, but instead, high levels of JEV antigen can be 
detected in morphologically intact neurons.*%4 


St. Louis Encephalitis Virus 


History, Global Distribution, and Epidemic Cycle 


St. Louis encephalitis virus (SLEV) is a mosquito-borne member of the JEV serocomplex 
capable of causing severe neurological disease in humans. SLEV was first discovered in 
1933 following a large epidemic of encephalitis in St. Louis, Missouri (1,095 cases and 225 
deaths).747°79-°!9 More than 10,000 cases of severe illness and 1,000 deaths have since been 
attributed to SLEV infection, reflecting annual endemic transmission (~50 cases/year) 
punctuated by epidemic periods that occur every 5 to 15 years.’°* At least 41 epidemics of 
SLEV have occurred in the United States since 1933,°4* the largest of these in 1975.27? 
During this epidemic, SLEV cases were reported in 29 states and the District of Columbia; 
the greatest number of illnesses occurred in Ohio, Mississippi, Indiana, and Illinois. Roughly 
1,500 confirmed cases were reported, resulting in 171 fatalities. The most recent large 
outbreak of SLEV occurred in central Florida during 1990, resulting in 222 laboratory- 
confirmed cases and 14 deaths.’*? A more contemporary study reviewed the SLEV 
surveillance data in the United States for 2003 through 2017, including human disease cases 
and nonhuman infections.**° Over the 15-year period, 198 counties from 33 states reported 
SLEV activity; 94 of those counties reported SLEV activity only in nonhuman species and 
193 human SLEV infections were documented, including 148 cases of neuroinvasive disease. 
Among these cases, clusters of infections were reported in Arizona and California in 
2015," 


SLEV distribution ranges from Canada to Argentina and across North America.?!? SLEV 
is maintained in nature in enzootic cycles between Culex mosquitoes and birds (primarily 
songbirds and pigeons). The transmission cycle of this virus varies by region due to 
differences in the biology of the primary vector mosquitoes.?!? In the eastern and central 
United States, the principal vectors of SLEV are Culex pipiens and Culex quinquefasciatus 
mosquitoes. Culex tarsalis is the primary vector for SLEV in Western states, whereas Culex 
nigripalpus transmits SLEV in Florida. The avian hosts of SLEV in these transmission cycles 
include house finches, house sparrows, and mourning doves. The mechanism of virus 
transmission and amplification in South and Central America is less clear. SLEV has been 


isolated from 11 different mosquito genera, many of which feed primarily on mammals. 


Both WNV and SLEV are antigenically related members of the JEV serogroup that share 
a similar transmission cycle between Culex mosquitoes and birds. How the introduction of 
WNYV in North America has impacted the epidemiology of SLEV is of significant interest. 
Analysis of the number of neuroinvasive cases attributed to SLEV reported to the CDC 
between 1999 and 2007 revealed a threefold reduction by comparison to data in the pre- 
WNV era.?!® Interpretation of this finding is complicated by changes in the intensity of 
surveillance and local testing for arboviral diseases in the years after the introduction of 
WNYV. Because major epidemics of SLEV have occurred infrequently in the past, the modest 
number of clinical cases may simply reflect a nadir in the natural cycle of this virus. 
Alternatively, the existence of cross-reactive antibodies in WNV-immune avian reservoirs 
may disrupt the transmission cycle of SLEV via competition for avian hosts. While the 
infection of house finches with WNV has been shown to confer protection from subsequent 
infection by SLEV, the reciprocal is not true. Prior exposure of finches to SLEV prevents 
mortality following WNV infection but not the level of viremia that is sufficient for 
transmission of WNV.*!* Similar findings were reported in a golden hamster model of 
infection.!'"! The disappearance of SLEV from regions of California following the 
introduction of WNV is consistent with the notion that competition may allow for the local 
displacement of the virus from historically endemic areas.97° 


SLEV Diversity 


Phylogenetic studies grouped SLEV isolates into seven genetic lineages (I-VII), many of 
which were divided further into clades of related genotypes.°°®’!” These groups correspond 
roughly to the geographic distribution of each lineage of SLEV.'!*° For example, lineage I 
includes viruses isolated in the western United States, whereas lineage V contains South 
American strains and an isolate from Trinidad. However, the relationship between 
phylogenetic relatedness and geographic region is imperfect. SLEV strains vary considerably 
with respect to virulence in avian and mammalian hosts; these differences correlate roughly 
with geographic distribution.!'+’”* In addition to regional persistence, sequence analysis 
reveals that SLEV may be transported between regions.°”® 


Clinical and Pathological Features of SLEV Infection 


As is the case for both WNV and JEV, the majority of SLEV infections of humans are 
clinically asymptomatic. The ratio of apparent to inapparent infections has been reported to 
range from 1:16 to 1:425.7°° Increasing age is a significant factor influencing susceptibility to 
severe illness. Symptomatic illness is noted after an incubation period of 5 to 15 days and is 
characterized by mild malaise, fever, headache, nausea, myalgia, sore throat, and cough.!78 
Severe neurological manifestations including encephalitis and aseptic meningitis may occur 
and can be fatal. Case fatality rates for SLEV range from 5% to 20%, with fatalities 
increasing in the elderly.?'? While most SLEV cases resolve spontaneously and without 


sequelae, many patients (30%-—50%) experience an extended convalescence lasting up to 3 
years. This phase is characterized by headache, depression, memory loss, and 
weakness, !28:919 


Tick-Borne Encephalitis Viruses 


History, Global Distribution, and Epidemic Cycle 


TBEV causes a fatal neurological syndrome that primarily occurs in northern China and 
Japan, through Russia, to parts of Northern Europe.°°® TBEV infection was first described in 
1931 after a pattern of seasonal meningoencephalitis cases in Austria.°9* In 1939, 
experiments confirmed that this seasonal encephalitis in humans was caused by a virus 
transmitted by the tick, Ixodes persulcatus.'*°° Although a highly effective formalin- 
inactivated vaccine has been implemented in some European countries (e.g., Austria) with 
marked reductions in case numbers,*?! TBEV-induced morbidity and mortality continue to 
rise.'°8° Between 1990 and 2012, over 65,500 cases of TBE were reported in 18 European 
countries.'*4* TBEV is believed to cause several thousand human cases per year, the majority 
of which occur in parts of Russia.” This increase is thought to be due to changes in climate, 
population dynamics and range of permissive ticks, and shifts in land usage. Seroprevalence 
in domestic animals in Eastern Europe has shown good spatial correlation with TBEV 
incidence in humans.*®? Within Russia, Siberia has the highest number of TBEV cases, 
whereas outside of Russia, the Czech Republic has the greatest incidence.®” The relative 
virulence of TBEV increases with its eastward spread, with the Far Eastern subtype having a 
case fatality rate of almost 40%. 

In the enzootic cycle, TBEV is maintained between ticks and different vertebrate hosts, 
with humans as incidental hosts (Fig. 9.9). TBEV is primarily transmitted by the hard tick 
Ixodes ricinus, although in Eastern Europe and Russia, the principal vector is Ixodes 
persulcatus. Infection is seasonal, usually occurring between March and November,“ and 
coincides with peaks of feeding activity of the particular tick vector. TBEV is endemic from 
Central Europe to Far East Asia with cases reported in 34 countries.!°° Ticks can become 
chronically infected after ingesting viremic blood or by transstadial or transovarial 
transmission. In addition, infected ticks can transmit virus to uninfected ticks during 
cofeeding on rodents.*?°°” This is because the local skin environment supports TBEV 
replication, and migratory infected cells transport virus within the skin allowing for 
transmission in the absence of viremia.?°° 
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FIGURE 9.9 Transmission cycle of tick-borne encephalitis virus. TBEV 
transmission is connected to the life cycle of the vector due to a requirement for 
the tick to feed prior to transition through each of its developmental stage. Ticks 
are infected during this blood meal, molt, and then may infect a mammalian host. 
Nonviremic transmission between cofeeding ticks has also been shown to be an 
important mechanism of transmission and is not pictured. 


One exception to TBEV transmission by tick inoculation is the syndrome of biphasic milk 
fever, which results from oral infection and was first identified in Russia between 1947 and 
1951. During milk fever epidemics, whole families contracted TBEV infection, and this was 
associated with the consumption of goat milk. Goats develop subclinical TBEV infection 
after tick bite and become the source of infectious virus after secretion into milk. 
Analogously, TBEV transmission to humans has been reported after consumption of 


unpasteurized cow or sheep milk or dairy products.*°° These findings are supported by 
experiments in mice in which TBEV infection was established after oral feeding.°°* 


TBEV Diversity 


Based on sequence similarity, three main subtypes of TBEV exist: the Far Eastern genotype 1 
(previously Russian spring and summer encephalitis), European genotype 2 (previously 
Central European encephalitis), and Siberian genotype 3 (previously West Siberian). Within 
these three genotypes, there is approximately 1.2% to 1.7% difference at the amino acid 
level. The Far Eastern, European, and Siberian genotypes 1, 2, and 3 differ from each other 
by approximately 5% to 7% at the amino acid level. In addition to these three TBEV 
genotypes, two additional genotypes (4 and 5) have been described based on nucleotide and 
amino acid differences.*°° Other viruses that are antigenically related across Europe, Asia, 
and North America are classified as part of the TBEV serocomplex,!°! also termed the 
mammalian group of TBFVs. Besides TBEV, this group includes Omsk hemorrhagic fever 
virus (OHFV), louping-ill virus, Langat virus (LGTV), Powassan virus (POWV), Kyasanur 
Forest disease virus (KFDV), Kadam virus (KADV), Royal Farm virus (RFV), Gadgets 
Gully virus (GGYV), Alkhurma hemorrhagic fever virus (AHFV), and Karshi virus (KSIV). 
Of these viruses, TBEV, LIV, and POWV cause encephalitis in humans and animals, whereas 
OHFV, KFDV, and AHFV cause hemorrhagic fever.?9°9°* LGTV is a naturally occurring 
avirulent virus (analogous to Kunjin virus among WNV strains), and no clinical disease has 
been reported for KSIV, RFV, or GGYV. 


Clinical Features of TBEV Infection 


About one-third of patients after inoculation by an infected tick will become symptomatic,” 
with men affected twice as frequently as women, although this could reflect exposure bias. 
The incubation period for TBEV infection in humans varies but for most individuals is 
approximately 1 to 2 weeks. A prodrome of fatigue, musculoskeletal pain, and headache lasts 
a few days and is followed by an abrupt onset of fever, nausea, vomiting, and myalgia; this 
phase is associated with thrombocytopenia, leukopenia, and mildly elevated levels of liver 
enzymes in the serum. Subsequent to this, several clinical syndromes of TBEV infection 
develop, as reviewed previously*?°*: (a) Febrile syndrome. This illness is characterized by 
high fever (39°C) with no evidence of neuroinvasion. It lasts from 1 to 5 days, and upon 
defervescence, patients recover completely; (b) Meningitis. This is the most common form of 
clinically apparent TBEV infection occurring in approximately 50% of individuals. After the 
onset of fever, symptoms worsen with progressive headache, nausea, vomiting, and 
photophobia. Patients exhibit cerebrospinal fluid leukocyte pleocytosis after lumbar 
puncture. Fever lasts 1 to 2 weeks, with gradual recovery; (c) Meningoencephalitis. This 
form occurs in approximately 10% of cases, is more severe, and is associated with damage to 
the CNS. Individuals become weak and lethargic and develop focal signs of disease including 
hemiparesis, hemiplegia, seizures, and autonomic instability. Up to 30% of these cases are 
fatal, and survivors have long-term neurological sequelae with slow convalescence; (d) 
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Poliomyelitis-like disease. This is characterized by a prodrome of limb weakness or 
numbness that progresses to paralysis. Paralysis occurs more frequently in the upper limbs, 
with the proximal segments affected more often. Recovery is slow, is partial, and occurs in 
only one-half of patients, with the remainder showing progressive deterioration; (e) 
Polyradiculitis. This syndrome has a biphasic course with fever, headache, and myalgia 
followed by defervescence. Approximately one week later the second phase starts and is 
characterized by pain and damage in peripheral nerves, sometimes coupled with meningitis. 
Recovery from this form of TBEV infection is usually complete; (f) Chronic or persistent 
infection. This form has been described in Siberia and Far East Russia although not in Europe 
and is believed to associate uniquely with the Siberian subtype of TBEV. Chronic or 
persistent infection is characterized by a late phase (months or even years later) deterioration 
of the neurological sequelae that developed during the acute illness. Alternatively, chronic 
TBEV infection can begin with the acute phase of disease, such that neurological symptoms 
occur years after a tick bite. Clinical symptoms can include epilepsy, parkinsonian movement 
and cognitive disorders, and progressive muscle atrophy, ultimately with dementia and death 
ensuing. Although infectious virus has not been routinely recovered in autopsy studies, a 
TBEV strain was isolated from a patient who died of a progressive (2-year) form of tick- 
bore encephalitis 10 years after experiencing a tick bite*°*; and (g) Postencephalitic 
syndrome. Both retrospective and prospective clinical trials have shown that TBEV infection 
is associated with a slow recovery period that has considerable long-term morbidity.402°07-7*° 
This postencephalitic syndrome occurs in approximately 40% to 60% of patients and 
includes memory disturbances, headache, and affective and gait disorders. The frequency of 
these symptoms was proportionately higher in more severe cases. 


Pathological Features of TBEV Infection 


Gross pathologic analysis of the brain of humans who succumb to lethal TBEV infection 
shows edema and hyperemia. Microscopic lesions occur in a patchy distribution throughout 
the CNS but are most prominent in the brainstem, basal ganglia, thalamus, cerebellum, and 
spinal cord. The cerebral and spinal meninges show a diffuse leukocyte infiltration, 
predominantly with lymphocytes. In the parenchyma of the brain and spinal cord, 
perivascular infiltrates, microglial nodules, and necrosis of neurons are observed. Notably, 
Purkinje cell neurons in the cerebellum and anterior horn motor neurons in the spinal cord 
are preferentially targeted and injured by TBEV.°°* Immunohistochemical analysis of brains 
from 28 autopsy cases*°? showed prominent TBEV antigen staining in Purkinje cells, 
neurons of the dentate gyrus, the brainstem, and basal ganglia, with T lymphocytes detected 
in direct apposition to TBEV-infected neurons. 


Emergence of POWV in the United States 


POWV is a tick-borne flavivirus that was first isolated from the brain of a child who died of 
encephalitis in Powassan, Ontario, in 1958.7/° Human cases of POWV have been reported in 
the United States, Canada, and Russia.*°® Although POWV infections are relatively rare, they 


can cause severe neuroinvasive disease including meningitis and encephalitis. Approximately 
10% of neuroinvasive POWV cases are fatal, and 50% of survivors suffer long-term 


neurological sequelae.*°? POWV is emerging, as increasing numbers of cases have been 
diagnosed in the United States over the past decade*®* and up to 3% to 5% of Ixodes 
scapularis ticks isolated in parts of the United States now test positive for POWV.!8°42 


Two genetic lineages of POWV circulate in North America, lineage I and lineage II (also 
called deer-tick virus [DTV]), that share at least 96% amino acid identity in their E 
proteins.*°° POWV lineage I strains are predominantly maintained in Ixodes cookei ticks and 
include isolates from New York and Canada, whereas lineage II strains are found in Ixodes 
scapularis deer ticks and include strains from regions infested by these ticks.*°° Although 
POWYV has been found predominantly in north central and northeastern parts of the United 
States in Ixodes species ticks, POWV also has been isolated from Dermacentor andersoni 
ticks, indicating the vector and geographical range may be larger than estimated. 


PATHOGENESIS AND IMMUNITY 


Virus Attachment 


Flavivirus entry into cells is mediated by the E proteins and can be considered in three 
discrete steps (Fig. 9.10). The first step involves the attachment of the virion to the target 
cell. Collisions between virions and target cells are not always productive. “Attachment 
factors” promote infection by increasing the duration of contact between the virion and cell 
surface and thereby increase the likelihood that subsequent steps in the virus entry pathway 
will occur. Attachment factors are not strictly required for infection. In contrast, interactions 
with viral “receptors” promote required events during virus entry. While the distinction 
between these two types of cellular factors is clear for some viruses (e.g., HIV), the cell 
biology of flavivirus entry remains poorly understood, as no cellular factor is required for 
fusion between the virion and membranes once exposed to an acidic environment.2°°9 
Several cellular factors have been shown to function as attachment factors or receptors during 
the flavivirus entry as discussed below. 
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FIGURE 9.10 Flavivirus entry into cells. The entry of flaviviruses into 
mammalian cells is mediated by interactions with a variety of cell surface— 
expressed host factors. These include heparan sulfate, C-type lectins (DC-SIGN, 
DC-SIGNR, and mannose receptor), and members of the phosphatidylserine 
receptor family including TIM-1 and AXL. Viruses complexed with antibodies 
also efficiently attach to cells expressing Fc receptors. Flaviviruses enter cells via 
clathrin-mediated endocytosis and then traffic to endosomal compartments in 
which fusion occurs. The mechanism of fusion is depicted in the inset. Exposure 
of the E protein dimers present on mature virions (A) to a mildly acid 


environment results in their disassociation and a conformational change that 
projects E-DII away from the virion membrane (B). This orients the E-DII-FL in 
a position where it may insert in the target cell membrane. E proteins in this 
extended conformation next form trimers (C). The stem anchor packs into 
grooves of the core trimer (D-F) as the molecule folds back on itself and pulls 
viral and host membranes into proximity. Antibodies have the potential to block 


multiple steps in this virus entry pathway. 
(This figure was modified from Pierson TC, Kielian M. Flaviviruses: braking the entering. Curr Opin Virol 2013;3:3-12.) 


Glycosaminoglycans 


The interactions between flaviviruses and glycosaminoglycans (GAGs) have been 
documented.!91464,509.694 The binding site on the virion for these sulfated polysaccharides 


has been mapped to positively charged surfaces of the E protein.!91°°4 GAGs promote more 
efficient attachment to cells via electrostatic interactions with the virus particle. Passage of 
virus in cell culture selects for variants that bind more efficiently to GAGs, although this 


adaptation appears to be associated with reduced fitness in vivo.°°%°!0°4 Treatment of cells 
with soluble heparin sulfate can inhibit infection.19°!*%7 


Lectins 


The prM and E proteins of flaviviruses may be modified by the addition of one or two N- 
linked complex- or high-mannose-type sugars. Host lectins may contribute to more efficient 
virion attachment through interactions with these viral sugars. CD209 (DC-SIGN) is a 
calcium-dependent (C-type) lectin that serves as an attachment factor for several classes of 
viruses (reviewed in Ref.''*), including some flaviviruses.*41°!7!!4 CD209 is expressed in 
vivo on a subset of dendritic cells (DCs) and macrophages.!!** The infectivity of DCs by 
DENV correlates with CD209 expression; immature DCs express CD209 and are more 


permissive to infection than mature DCs expressing lower levels of CD209,1!04!10 
Antibodies against CD209 or soluble forms of this lectin can block DENV infection of 


DCs.®!7-1104 Experiments with truncated forms of CD209 suggest that internalization of 
CD209 is not required to increase the efficiency of virus attachment to selected cell types.°”” 


CD209L (DC-SIGNR)**!)"" and the mannose receptor (MR)’“’ also have been identified as 
attachment factors for flaviviruses. The genetic linkage between DENV disease severity and 
polymorphisms in the CD209 promoter is consistent with a role for this attachment factor in 


humans.®° 


Phosphatidylserine Receptor Family 


Genetic complementation experiments first identified members of two phosphatidylserine 
receptor families as capable of enhancing interactions of flaviviruses with target cells.’79 


These molecules bind negatively charged phosphatidylserine lipids incorporated into the 
inner leaflet of the plasma membrane that become exposed on the outer leaflet during the 
process of apoptosis.?!° Incorporation of phosphatidylserine into the lipid envelopes of 
viruses allows virions to hijack this pathway via a process referred to as apoptotic mimicry.*? 
Many viruses exploit this pathway.*?! Molecules in the T-cell immunoglobulin domain and 
mucin domain (TIM) family of receptors bind phosphatidylserine directly and have been 
shown to facilitate virus entry, including TIM-1 and TIM-4. These molecules are expressed 
on lymphocytes and antigen-presenting cells (macrophages and dendritic cells) of the 
immune system and function as signaling molecules that coordinate immune functions. 
TYRO3 and AXL of the TAM (TYRO3, AXL, MERTK) family of tyrosine kinases indirectly 
mediate virus attachment through interactions with phosphatidylserine-binding proteins Gas6 
or protein S. AXL is expressed widely and plays multiple roles in immune regulation, and in 
human diseases, including cancer and autoimmunity, when dysregulated. The signaling 
functions of TAM receptors are required to promote more efficient virus infection, although 
virus binding remains unaffected.’*9°”° 

A role for host factors of the TIM/TAM family in flavivirus infection in vivo was studied 
extensively in the wake of the emergence of ZIKV. Multiple studies demonstrated that 
expression of AXL enhanced ZIKV infection in vitro,*°*”°° and this molecule was expressed 
on target cells in vivo with the potential to contribute to the unique pathogenesis of 
ZIKV.°°°-85! Studies in knockout mice demonstrated that AXL was not required for ZIKV 
infection in mice deficient in interferon (IFN) receptor signaling**®°*°"'8! or for WNV 
infection in mice with intact IFN signaling.”°! A role for AXL in pathogenesis may relate to 
its capacity to dampen the innate immune response in target cells or affect the blood-brain 
barrier.!°4;7°! It remains possible that human AXL may have a more significant role in 
flavivirus infectivity than its mouse ortholog.9*°9”° 


The Cell Biology of Flavivirus Entry 


Flaviviruses enter cells via clathrin-mediated endocytosis.*:2077°%°% 114! Single-particle 
tracking studies of DENV suggest that virions move across the surface of cells until they 
encounter preformed clathrin-coated pits. Virus particles are then internalized and traffic into 
endosomal compartments where viral fusion occurs. Fusion between viral and cellular 
membranes is triggered by the acidic environment of endosomes. The conformational 
changes in the E proteins that orchestrate membrane fusion have been studied using 


biochemical and structural approaches (reviewed in Ref.®”’). 


Flavivirus Tropism 


The molecular basis for the tropism of flaviviruses is incompletely understood. A wide 
variety of cell lines representing different lineages and species can be infected in vitro. This 
suggests that cellular factors involved in virus entry are either highly conserved (from 
arthropods to vertebrate hosts) or redundant. Alternatively, the adaptation of cell lines to 


continuous culture may select for expression of host factors used by virions in vitro distinct 
from those used in vivo. Targets for flavivirus infection in vivo appear more restricted. Target 
cell types infected by flaviviruses include monocytes, macrophages, DCs, hepatocytes, 
neurons, and endothelial cells.°'%°* Insights that followed emergence and unique 
pathogenesis of ZIKV identified the importance of placental cells and those of the male and 
female reproductive tract as important targets of infection.!*9-78* Tropism may be regulated at 
a postentry level through the activities of IFN and IFN-stimulated genes (ISGs).!49.9° 


Mechanisms of Dissemination 


Viscerotropic Viruses 


For both viscerotropic (e.g., DENV, ZIKV, and YFV) and encephalitic (e.g., WNV, JEV, and 
TBEV) flaviviruses, the skin is the likely initial infection site after vector inoculation, with 
resident dendritic cells!*”7°° or epidermal keratinocytes®*° believed to be the primary target 
cells. Subsequently, recruitment of monocytes and monocyte-derived dendritic cells to the 
underlying dermis may provide additional targets for infection.2°'°°! The dose of virus 
inoculated by mosquitoes under conditions of natural infection is not known precisely, but 
likely ranges from 10? to 10° plaque-forming units (PFU),?°°-!°’° depending on the flavivirus 
and vector species. Active WNV replication can be detected at the subcutaneous site of 
infection within one day of inoculation,!** and viral spread to the lymph node occurs in 
animals infected by mosquitoes or with mosquito salivary extracts.99°!°7” Factors in 
mosquito saliva alter cytokine levels and other components of innate immunity, leading to 
local immunosuppression or dysregulation,’?° and enhanced viral spread and replication. One 
exception to this paradigm is the sexual transmission of ZIKV, where epithelial cells in the 
vagina (male-to-female) or rectum (male-to-male) likely are the initial targets of infection. 


Flaviviruses disseminate to local lymph nodes either associated with migratory infected 
dendritic cells°°° or as free virus that transudates directly into lymphatic fluid.°?! 
Macrophages on the floor of the subcapsular sinus and in the medulla of lymph nodes capture 
viral particles, serving as additional targets of virus amplification and initiators of innate and 
adaptive immune responses.°’! Virus produced in the draining lymph nodes likely spreads to 
intravascular venous compartments via efferent lymphatic drainage. Virus in the bloodstream 
can directly infect blood cells or visceral tissues, which can result in further dissemination 
and secondary viremia. 


The infectivity of flaviviruses in plasma, the fluid component of blood, appears 
remarkably short, with a half-life in mice ranging from 2 to 10 minutes for DENV and WNV, 
respectively.’ The loss of infectivity is due in part to complement (C3 and C4 components) 
opsonization via mannose-binding lectin (MBL) recognition of N-linked glycans on the 
surface of virions**? and binding by antibodies. The short half-life of an infectious flavivirus 
in plasma may also reflect sequestration and removal by different visceral organs.*®° 
Alternatively, flaviviruses may transit rapidly into the cellular compartment of blood. One 


study of patients with DENV infections of different disease severity showed DENV antigen 
(prM and NS3) predominantly in cells of monocyte (CD14*, CD32") lineage, with up to 80% 
to 90% of cells of expressing viral antigen.*°* Analogously, CD14* monocytes are principal 
targets of ZIKV infection in peripheral blood mononuclear cells.*°*:”4° The finding of DENV 
in blood monocytes is consistent with prior literature®’? but contrasts with studies in rhesus 
macaques suggesting that platelets become positive for dengue antigen during the course of 
infection.*“* Finally, another explanation for the rapid drop of plasma infectivity is that 
flaviviruses adhere readily to erythrocytes in whole blood.?** 


Neurotropic Viruses 


Flavivirus neuropathogenesis requires neuroinvasiveness, the capacity to enter the CNS, and 
neurotropism, the ability to propagate efficiently within cells of the CNS. In classical studies, 
phenotypic distinctions were made among different arthropod-borne viruses on the basis of 
replication efficiency and pathogenic potential in peripheral versus CNS tissues.'° A main 
principle was the relationship between peripheral viral burden and propensity for 
neuroinvasion. Viruses with a low capacity to replicate in the periphery generally had less 
neuroinvasive potential, regardless of their intrinsic neurovirulence. Aerosol-acquired 
infections are possible exceptions, as these may use alternate routes of CNS entry (e.g., 
accessing the olfactory bulb via the cribriform plate). Also, in the context of ZIKV vertical 
transmission, the viral burden in the mother likely facilitates infection of the maternal 
decidua, seeding of the fetally derived placenta, and dissemination to the fetal brain.*!® 


Data from several studies indicate that the time of onset, magnitude, and duration of 
viremia, as well as the integrity of the host immune system, influences the risk of entry into 
the CNS. Thus, the neuropathogenic potential of most flaviviruses is a balance between 
replication efficiency and the effectiveness of early host defenses in clearing viremia. 
Neuroinvasiveness is affected by both viral and host factors. Based on genetic analysis of 
virulent and attenuated strains of JEV, TBEV, YFV, ZIKV, and WNYV, viral determinants of 
neuroinvasiveness generally map to the E protein.’)7°-!72.724.826.827 However, NS1 also may 
contribute to neuroinvasiveness of certain flaviviruses by modulating endothelial barrier 
function in a tissue-specific manner and influencing virus dissemination across tissue 
barriers.°°° The precise mechanisms associated with these viral genetic determinants have not 
been determined but are believed to relate to increased viral infectivity of key target cells 
through enhanced binding and penetration or induction of proinflammatory cytokines and 
disruption of the endothelial glycocalyx-like layer.?*! 

Animal models of infection of encephalitic flaviviruses have begun to define factors that 


govern virus entry into the CNS. Blood—brain barrier (BBB) crossing likely occurs through a 
hematogenous route, as increased viral burden in the serum correlates with earlier and 


enhanced neuroinvasion.*°° Accordingly, changes in endothelial barrier permeability may 
facilitate CNS entry; these may be triggered by vasoactive cytokines (e.g., TNF-a)°°°!!®° or 
activation of matrix metalloproteinases that degrade the BBB extracellular matrix.!!°?!!°9 


Nonetheless, other cytokines and signaling pathways, including type I and IIT IFNs and TAM 
receptors, can tighten the BBB and prevent virus and immune cell crossing.*°©°9%7°! 
Additional mechanisms may contribute to CNS infection of flaviviruses, including (a) direct 
infection of or passive transport through the endothelium?®*+%*1!°; (b) infection of olfactory 
neurons and rostral spread from the olfactory bulb.!°* Access through the olfactory bulb is 
believed to occur after infection by aerosol or intranasal routes®!*,828909 as well as in the 


context of peripheral inoculation.’*? The olfactory bulb is vulnerable to direct infection 
because of the exposure of its nerve terminals within the olfactory mucosa; (c) virus is 
transported by infected immune cells trafficking into the CNS'!®*; (d) Access to the CNS 
after breakdown of BBB integrity!®*°*4; and (e) Retrograde axonal transport from infected 
peripheral neurons.*°!)78.964,1179 Although much has been learned from infection studies in 
mice and hamsters, the precise mechanisms of CNS entry of encephalitic flaviviruses in 
humans and other animals require additional study. 


Mechanisms of Immune Control—Innate Immunity 
Cellular Innate Immunity 


Monocytes and macrophages 


Monocytes and macrophages play key roles in orchestrating control of flaviviruses but also 
can become targets and reservoirs of infection. Recent studies of human patients infected 


with ZIKV showed that CD14*°CD16* monocytes are principal targets of infection in 


peripheral blood.’*° Because monocytes can infiltrate many tissues, they may act as “Trojan 
horses” for the spread of infection across tissue compartments. Analogously, after DENV 


infection, sorting of peripheral blood mononuclear cells revealed that CD14* monocytes 
were infected with DENV and produced the inhibitory cytokine IL-10.'°*° In a mouse model 
of primary infection, Ly6C™ monocytes were recruited to the DENV-infected dermis and 
differentiated to monocyte-derived DCs, which then became targets for DENV replication.?7! 
During secondary DENV infection, DENV can be opsonized with non- or subneutralizing 
antibody levels that augment entry and infection of monocytes through activating Fc-gamma 
receptors (FcyRs).**°°" In this context of enhanced infection, DENV immune complexes 
activate Syk to mediate elevated secretion of proinflammatory cytokines including IL-1B.'°4 
Macrophages can limit infection through direct viral clearance, enhanced antigen 
presentation to B and T cells, and production of proinflammatory or antiviral cytokines and 
chemokines.°°’°° The protective role of macrophages is highlighted by studies in mice, 
which demonstrated exacerbated WNV, TBEV, DENV, or YFV disease after selective 
macrophage depletion.®!136226522,900,1257 Macrophages may control flaviviruses through the 
production of nitric oxide (NO) and other reactive oxygen intermediates after stimulation of 
inducible nitric oxide synthase (NOS2).°°?%46978979 Activation of macrophages in response 


to flavivirus infection also promotes the release of type I IFN, TNF-a, IL-1, IL-8, and other 
cytokines, some of which have antiviral activity.‘°°! Despite their protective role in innate 
defense, macrophages and microglia also are targets of infection by some 
flaviviruses?**.°84.9°° and have the potential to contribute to pathogenesis through ADE 
mediated by Fcy and complement receptors.!©*°°76° The macrophage cell-surface receptor 
CLECSA has been reported to interact with DENV and JEV directly, resulting in DAP12 
phosphorylation, activation of the NLRP3 inflammasome, and the release of 
proinflammatory  cytokines.'®9-1991209 Anti-CLECSA mAb inhibited JEV-induced 
proinflammatory cytokine release from microglia and prevented bystander damage to 
neuronal cells. Thus, in some circumstances, macrophages can contribute to flavivirus- 
induced disease, although the contribution to clearance versus pathogenesis may vary 
depending on the specific virus, the presence of preexisting nonneutralizing antibodies, and 
the specific proinflammatory molecules that are produced. 


Neutrophils 


Although neutrophils are among the first circulating leukocytes to respond to infection or 
inflammatory stimuli, their function in flavivirus infection remains uncertain. While some 
studies suggest a protective function, others indicate that neutrophils can contribute to 
flavivirus pathogenesis. A protective role was reported in the context of WNV infection, as 
macrophages produced neutrophil chemoattractive chemokines (CXCL1 and CXCL2), 
neutrophils rapidly migrated to the site of infection, and mice depleted of neutrophils 1 or 2 
days after virus infection developed higher viremia and experienced earlier death.*° 
Paradoxically, if neutrophils were depleted prior to infection, viremia was reduced and 
survival was enhanced.** Analogously, depletion of neutrophils resulted in prolonged 
survival and decreased mortality in Murray Valley encephalitis virus-infected mice, and 
neutrophil infiltration and disease correlated with iNOS expression within the CNS.*° 
Moreover, WNV burden, proinflammatory cytokines, and apoptotic cells in the CNS of [1/227 
~ mice were reduced, and this was associated with decreased neutrophil migration into the 
brain.''8 Finally, transcriptional gene signatures from whole blood showed a greater 
abundance of neutrophil transcripts in patients who progressed to severe dengue, a finding 
supported by higher plasma levels of proteins associated with neutrophil degranulation.*©? 
Although further studies are warranted, neutrophils may prevent or promote flavivirus 
disease, depending on the specific virus and immunological context. 


Dendritic cells 


Human peripheral blood contains two major classes of dendritic cells (DCs), plasmacytoid 
DCs (pDCs) and myeloid DCs (mDCs), which can be distinguished based on function and 
surface markers. pDCs lack phagocytic capacity, are less efficient in capturing and presenting 
antigens to T cells, but produce extraordinarily high levels of type I IFN in the presence of 
viruses or bacteria,!°°* and are thus considered to have a crucial sentinel role in antiviral 


immunity.!°9°-1°9! In pDCs, flaviviruses can stimulate either TLR7 or RIG-I signaling in the 
same cell, depending on how its nucleic acid content is delivered (i.e., via internalization or 
active replication).!°° 


Low levels of DENV replication are observed in pDC, but proinflammatory cytokines are 
produced rapidly and can accumulate to high levels. This cytokine response was not 
dependent on viral replication, but was dependent on endosomal TLR7, and could be induced 
by purified DENV RNA.!°3:!174 Immature virus particles, which carry viral RNA to the 
endolysosome-localized TLR7 sensor, may contribute to progression of dengue disease by 
eliciting a strong innate immune response in pDCs.*°° In prospective clinical studies, the 
absolute number of circulating pDC remained stable early in moderately ill children with 
dengue fever or other nondengue, febrile illnesses. However, there was an early decrease in 
circulating pDC in children who subsequently developed DHF, as a blunted blood pDC 
response was associated with an altered innate immune response, higher viremia levels, and 
severe disease.°”* Interestingly, the host origin of the flavivirus influences the response 
generated by pDC as WNV grown in mammalian cells was a potent inducer of IFN-@ 
secretion in pDCs, whereas pDCs failed to produce IFN-a when exposed to WNV grown in 
mosquito cells.!077 


mDCs reside and circulate throughout the body, enabling them to transport antigens from 
the periphery to lymphoid tissues. They are professional antigen-presenting cells that 
transmit incoming infectious signals to B and T cells, to orchestrate rapid and efficient 
adaptive immune responses.!°°” mDCs are more readily infected by flaviviruses ex vivo and 
are thought to contribute to viral spread and early immune system priming depending on the 
particular virus. For example, WNV efficiently infects mouse mDCs and induces a type I IFN 
and proinflammatory cytokine response through RIG-I-like pattern recognition receptors 
(PRRs) and MAVS-dependent signaling cascade.*°!!°88 In comparison, JEV induced 
impaired responses in mice through MyD88-dependent and MyD88-independent pathways, 
with blunted costimulatory molecule expression and production of the anti-inflammatory 
cytokine IL-10, which resulted in poor T-cell priming." DENV productively infects human 
mDCs and induces the release of high levels of chemokines and proinflammatory cytokines, 
with the notable exception of type I IFN,’*)°*? although this latter finding has not been 
observed with all strains of DENV.4”°°° As an example, DENV-4 replication peaks earlier 
and promotes stronger innate immune responses, with increased expression of DC activation 
and migration markers and increased cytokine production, compared with DENV-2.*** Apart 
from this, mature mDCs were capable of supporting ADE of DENV, whereas immature DC, 
due to the expression of higher levels of DC-SIGN, did not support ADE."!° 

Despite an accumulating wealth of data on purified mDCs ex vivo, few studies have 
assessed their direct function in vivo in the context of flavivirus infection. Selective genetic 
deletion of Batf3 or Wdfy4, which affect CD8a* mDC (DC1) homeostasis or function, 
resulted in defective cross presentation and virus-specific CD8* T-cell responses to WNV in 
mice.**:!!'© However, JEV infection appears to actively suppress in vivo cross presentation 


of soluble and cell-associated antigens, resulting in diminished CD8* T-cell responses.” 


Natural killer cells 


Natural killer (NK) cells are innate immune lymphocytes that serve as a first line of defense 
against a variety of infections.2°? NK cells mediate protection through the recognition and 
killing of target cells and the production of immunomodulatory cytokines, particularly IFN-y, 
which enhances innate immunity and shapes the subsequent adaptive immune response.*!° 
Unlike adaptive T and B lymphocytes, NK cells do not rearrange their receptor genes 
somatically but rely on inhibitory and activating cell receptors that recognize MHC class I 
and class I-like molecules, as well as other ligands.'°° The function of NK cells in flavivirus 
infection remains uncertain. Some in vitro studies suggest that human NK cells can inhibit 
WNV infection through both cytolytic (ADCC) and noncytolytic (IFN-y) activities.'**° The 
activating human NK cell receptor, NKp44, has been reported to bind directly to domain III 
of DENV and WNV E proteins. This interaction induced IFN-y secretion and lysis of WNV- 
infected targets by NK cells.4°° However, flavivirus infection may inhibit NK cell killing by 
increasing the cell-surface expression of class I MHC molecules,*”®°°0461°3 which sends an 
inhibitory signal to NK cells.*°” In vivo, the function of NK cells in flavivirus infection also 
remains unclear. While NK cells expand and become activated in YFV- and DENV-infected 
humans and mice,!®*-829.!022 antibody depletion of NK cells in mice did not alter morbidity 
or mortality after WNV infection.'°*? In humans infected with TBEV, highly differentiated 
CD57* NK cells were activated, but this was associated with decreased expression of 
perforin and granzyme B, as well as diminished NK cell responses to target cells.!4 
However, in ex vivo experiments, the combination of type I IFN, TNF-a, and cell-surface 
receptor engagement with DCs enabled NK cells to overcome immune evasion by DENV.°? 


yo T cells 


y6 T cells contribute to the innate defense against several viruses by virtue of their abundance 
in epithelial and mucosal tissues and ability to respond rapidly to nonpeptide antigens by 
secreting proinflammatory cytokines and chemokines. As they lack classical MHC 
restriction, y6 T cells can react with viral antigens in the absence of conventional antigen 
processing.!°° y§ T cells are divided into functionally distinct subsets, which have disparate 
effects on host immunity to pathogen infection.’!° As an example, Vy4* y5 T cells enhance 
Th1 cell activation through IFN-y— and CD1-dependent mechanisms.*”? To date, much of the 
initial analysis of yé T-cell function during flavivirus infection has focused on studies with 
WNYV in mice, although recent studies confirm that human and monkey y6 T cells also are 
activated rapidly after YFV infection.2°°°*! Mice deficient in yS T cells were more 
susceptible to WNV infection,!!”’ and this was in part due to their ability to produce IFN-y, 
which has direct antiviral effects.‘°°° Moreover, mice depleted of Vy1* y5 T cells have 
enhanced viremia and higher WNV mortality, whereas the opposite is observed with 


depletion of Vy4* y T cells.!!°* Subsequent work showed that y5 T cells also contribute to 
the development of a protective CD8* T-cell response against WNV as TCRS~ mice were 


more susceptible than wild-type mice to secondary WNV challenge.!!”° This priming effect 
may reflect DC maturation (increased expression of surface costimulatory and class II MHC 


molecules and secretion of IL-12) that is promoted by yé T cells after activation by WNV.7!° 


Mast cells 


Mast cells contribute to a variety of inflammatory reactions and host defense against 
pathogens by secreting chemokines, cytokines, and inflammatory lipid mediators and 
granule-associated products.°°* Mast cells express Fc receptors, reside primarily in tissues, 
and associate closely with vascular beds.!°!* Infection or activation of mast cells by DENV 
can promote viral clearance!°°? or have immunopathological consequences that contribute to 
the vasculopathy associated with secondary infection. DENV infection of mast cells ex vivo 
resulted in increased secretion of chemokines including CCL5 without inducing 
degranulation,°*! and production of vasoactive cytokines was enhanced in the presence of 
subneutralizing concentrations of antibody that promote ADE.°°° Mast cells also are targets 
of DENV in human skin, and this induces degranulation and alters cytokine expression 
profiles.‘!7® Antibody-enhanced DENV infection of mast cells in culture also resulted in 
significant production of TNF-a that can stimulate endothelial cells!?' as well as massive 
mast cell apoptosis that occurs via global caspase activation.!** Preexisting anti-DENV IgG 
can enhance both mast cell degranulation and vascular leakage during DENV infection.!°% 
Thus, mast cells may contribute to a second mechanism of antibody-enhanced immune 
pathology during DENV infection that is dependent not on enhanced virus replication but on 
FcyR-mediated augmented degranulation responses. Drugs (e.g., ketotifen or leukotriene 
receptor antagonists) that stabilize mast cells diminished metabolic dysregulation, 
complement activation, and inflammation associated with DENV infection and pathogenesis 
‘in mice es 


Cell-Intrinsic Immunity 


Recognition and control of flaviviruses by host sensors 


IFN responses are an essential host defense program against many viruses, including 
flaviviruses. IFNs are produced during the earliest stages of viral infection after recognition 
of pathogen-associated molecular patterns (PAMPs) by specific PRRs. Mammalian cells 
primarily detect and respond to RNA virus infection by recognizing non-self viral RNA or 
viral RNA structural elements through several distinct PRRs including the cell-surface and 
endosomal RNA sensors toll-like receptors 3 and 7 (TLR3 and TLR7) and the cytoplasmic 
RNA sensors retinoic acid—inducible gene I (RIG-I) and melanoma differentiation—associated 
gene 5 (MDAS) (Fig. 9.11). Binding of single- and/or double-stranded viral RNA to PRRs 
results in downstream activation of transcription factors, such as IFN-regulatory factors 3 and 


7 (IRF3 and IRF7) and NF-«B, and induction of IFN-a and f. Secretion of IFNs followed by 
engagement of the IFN-af receptor (IFNAR) in an autocrine and paracrine fashion activates 
JAK-STAT-dependent and JAK-STAT-independent signal transduction cascades°** that 
induce the expression of hundreds of ISGs, a subset of which have antiviral activity against 


flaviviruses (Fig. 9.12).9%° 
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FIGURE 9.11 Detection of flavivirus RNA by cytosolic sateen recognition 
receptors (PRRs) and mechanisms of viral evasion. Cytoplasmic PRR and 
signaling cascade. Infection by flaviviruses produces dsRNA replication 
intermediates that display motifs recognized by RIG-I and MDAS. Binding of 
viral RNA promotes an interaction with MAVS that results in recruitment of 
signaling proteins (NEMO and TRAF3) that activate IRF3 and NF-KB. These 
transcription factors translocate to the nucleus and bind to the promoter region of 
the IFN-f gene leading to transcription and translation. Mechanisms of evasion 
by flaviviruses include the following: (a) a delay in recognition of WNV RNA by 


RIG-I; (b) impairment of RIP-1 signaling by high-mannose carbohydrates on the 
structural E protein; (c) reduction in IFN-£ gene transcription by the KUNV 
NS2A protein; (d) reduction of type I IFN production by catalytically active 
DENV NS2B-NS3 protein; and (e) viral dsRNA intermediates localize to 
specialized membrane vesicles, which prevent rapid detection by intracellular 
sensors such as RIG-I. 
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FIGURE 9.12 Type I interferon (IFN) signaling and mechanisms of disruption 
by flaviviruses. Secretion of IFN by a flavivirus-infected cell results in autocrine 
and paracrine signaling through the heterodimeric IFN-af receptor (IFNAR). 
IFN binding results in activation and tyrosine phosphorylation of JAK family 
members (JAK1 and Tyk2) and the cytoplasmic tail of IFNAR. This promotes 
recruitment of STAT1 and STAT2, which themselves become phosphorylated by 
the JAKs. Phosphorylated STAT1 and STAT2 proteins heterodimerize, associate 
with IRF9, and translocate to the nucleus, where they bind ISRE sequences to 
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induce expression of hundreds of interferon-stimulated genes (ISGs). 
Mechanisms of evasion by flaviviruses include the following: blockade of 
phosphorylation of (a) Tyk2 and (b) JAK1 by flavivirus NS5; (c) activation of a 
phosphotyrosine phosphatase by JEV NS5; (d) reduction in STAT2 gene and 
protein expression by DENV and YFV NSS; (e) attenuation of STAT signaling 
by flavivirus NS4B; (f) down-regulation of IFNAR through virus-induced 
redistribution of cellular cholesterol; and (g) antagonism of IFIT family gene 
effector functions by 2'-O-methylation of flavivirus RNA. 


RIG-I and MDAS contribute to the induction of host IFN and antiviral response to 
flaviviruses. The highly structured 5’ region of the DENV and ZIKV genomes are recognized 
by RIG-I.!°° Fibroblasts deficient in RIG-I and MDA5 showed decreased IRF3 activation, 
delayed induction of IFN and ISG responses, and augmented WNV and DENV 
replication.°°°37,°78!5 RIG-I primes the early type I IFN response, whereas MDAS has a 
role in a second phase of ISG expression that occurs later in the course of infection, possibly 
due to accumulation of dsRNA replication intermediates. A genetic deficiency of MAVS, an 
essential RIG-I and MDA5 adaptor molecule that is anchored to mitochondria, completely 
disabled the IFN response in fibroblasts**!°” and was associated with enhanced WNV 
lethality and dysregulated immune responses in mice./°°° RIG-I—dependent signaling appears 
dominant in mice as animals deficient in RIG-I were more vulnerable to JEV infection,?!® 
and a deficiency of proteins that regulate the TRIM25-mediated ubiquitination and activation 
of RIG-I resulted in enhanced WNV replication and mortality.'!°” Consistent with this, JEV 
and DENV induce the type I IFN response through a mechanism involving RIG-I/IRF3 and 
NF-«B.!7° Nonetheless, higher mortality rates, altered CD8* T-cell responses, and increased 
viral infection in primary macrophages were observed after WNV infection in mice and cells 
lacking MDAS5.°°7%? Despite data suggesting that RIG-I and MDAS recognize flavivirus 
RNA and induce type I IFN responses, IFN-a and IFN-f£ production in some cell types 
appears independent of MAVS!°°8 or the downstream transcription factor IRF3.1!°:72729° 


TLR3, which is expressed on the surface of fibroblasts and in the endosomes of myeloid 
cells, promotes IRF3 phosphorylation after binding double-stranded viral RNA through a 
signaling cascade that includes recruitment of TRIF and activation of the kinases TBK1 and 
IKKe.’!+°°9 [nitial studies with TRIF-deficient fibroblasts suggested that TLR3 may be 
dispensable for recognition of flaviviruses in cells,*°° although subsequent cell culture 
studies showed a_ proinflammatory and protective effect of TLR3 after DENV 
infection.2!°!!9° Experiments in Tir3’~ mice have had conflicting results. Tir37/~ mice 
injected by an intraperitoneal route paradoxically showed decreased WNV lethality despite 
higher peripheral viral titers, presumably because of blunted cytokine responses (e.g., TNF- 
a) that normally facilitate neuroinvasion.''®° Consistent with a possible pathological role, 
preliminary studies suggest a functional TLR3 allele is a risk factor for severe human TBEV 


infection.°°° In comparison, other studies with Tir3~ mice and a different WNV strain or 
with JEV showed increased viral burden in the brain and enhanced lethality,?*°4°’ as might 
be anticipated for a PRR that triggers a protective host immune response. Ex vivo and in vivo 
experiments suggest a cell-specific role of TLR3, as it protected against WNV largely by 
restricting replication in neurons. More recent studies have defined a link between ZIKV- 
mediated TLR3 activation, perturbed cell fate, and a reduction in the volume of cerebral 
organoid cultures, which suggests TLR3 activation may lead to disrupted neurogenesis.*°° 


Although TLR4 is a PRR best known for its ability to recognize lipopolysaccharide 
present in many gram-negative bacteria, it may functionally impact flavivirus infection, 
immunity, and pathogenesis. A possible pathogenic role of TLR4 was suggested in studies 
with JEV, as Tir4’’" mice showed enhanced resistance to infection.*°’ Genetic ablation of 
TLR4 resulted in enhanced type I IFN, humoral, and T-cell responses, which were mediated 
by increased numbers of pDCs and NK cells and reduced numbers of Tregs in lymphoid 
tissues. A second pathogenic role of TLR4 signaling was suggested when studies showed that 
DENV NS1 devoid of bacterial endotoxin activity directly activated human peripheral blood 
mononuclear and endothelial cells via TLR4, which induced the release of proinflammatory 
cytokines and chemokines. The importance of TLR4 activation in vivo was confirmed by the 
reduction in capillary leakage by a TLR4 antagonist in a mouse model of DENV 
infection”®”°’ and suggested by analysis of TLR4 gene polymorphisms in human DENV 
patients.!°'9 However, a second group did not corroborate these findings and observed that 
DENV NS1 induced vascular leakage in Tlr4-/- mice at similar levels to wild-type 
animals.°° 


TLR7 is an endosomal PRR that detects guanosine- and uridine-rich single-stranded 
RNA?*® and activates IRF7 via the adaptor molecule MyD88 IRF7 was identified as a 
primary regulator of antiviral gene induction after YFV infection,*°! with some of this 
activation occurring through TLR7 recognition of viral RNA.90%9071083,1174 Similarly, 
DENV stimulates IFN production in pDC in a TLR7-dependent manner after virus 
uncoating.!!”4 The antiviral IFN-a response against WNV is primarily mediated by IRF7,°*° 
and at least some of this signal is attributed to recognition of viral RNA by TLR7. Indeed, 
both Tir7~ and Myd887~ mice show increased susceptibility to WNV infection, and this 
was associated with increased local infection and yet decreased production of IL-1, IL-6, 
IL-12 and IL-23 and several chemokines, which altered leukocyte trafficking and control in 
several tissues.1994+1!74,1195 Studies in aged mice showed that dysregulation of TLR7 
signaling contributes to impaired innate and adaptive T-cell responses and an enhanced 
vulnerability in old mice during WNV infection.!*!° 

In addition to using RNA sensors to detect flaviviruses, immune cells use the DNA- 
sensing machinery to detect intracellular damage generated early during infection by 
flaviviruses.° DENV infection induces mislocalization of mitochondrial DNA into the 
cytoplasm of infected cells.’ The leaked mitochondrial DNA is detected by the DNA sensor 
cyclic GMP—AMP synthase (cGAS), which triggers the stimulator of IFN genes (STING) 


pathway and induction of type I IFN production. This mechanism likely explains why cGAS’ 
~ and STING mice and cells showed greater susceptibility to WNV infection.2?”!°0 


Type I IFN signaling pathway 


Type I IFNs induce an antiviral state by up-regulating genes with both direct and indirect 
inhibitory functions.®** In humans and mice, there are multiple IFN-a genes (13 in humans, 
14 in mice) and one IFN-f gene, in addition to multiple other subtypes.!!*? IFN-a and IFN-B 
are considered the dominant functional type I IFNs in humans and are secreted by many cell 
types following virus infection. Type I IFN primes adaptive immune responses through 
stimulation of DCs, through activation of B and T cells, and by prolonging survival of 
recently activated T cells.0341068 Pretreatment of cells with IFN-a or IFN-f inhibits 
flavivirus replication in  vitro,®”%25+°49673.1157 but treatment after infection is less 
effective.*>:219.264,963,1062 Although flaviviruses can antagonize IFN-induced responses after 
infection, IFN still restricts replication and spread in vivo. Mice lacking the type I IFN 
receptor (Ifnar1~-) or downstream signaling components (e.g., STAT1 or STAT2) show 
enhanced lethality and replication after WNV,?!7°° DENV,!0? YEFV,’/°° ZIKV,°01!27 or 
MVEV°° infections. Increased replication occurred in normally resistant cell populations 
and tissues after flavivirus infection of Ifnar1~~ mice, suggesting that IFN acts in part to 
restrict viral tropism. The importance of type I IFN in controlling flavivirus infection has 
been confirmed in therapeutic disease models. Pretreatment of animals with IFN-a@ or 
inducers of IFN-a attenuates infection by SLEV, WNV, YFV, and Modoc 


viruses. !°0.499,616,617,883,1105 The relevance of these pathways has been confirmed in vivo, as 
transcriptomic analyses show that animals or primary cells infected with flaviviruses produce 


a potent innate antiviral transcriptional signature characterized by ISGs.47468.906.970 


Type I IFN-induced genes that control flavivirus infection 


Substantial progress has been made in defining the specific IFN-induced antiviral genes that 
limit flavivirus infection (reviewed in Ref.9°) (Fig. 9.12). Initial studies showed that dsRNA- 
dependent protein kinase (PKR) and 2’-5’'-oligoadenylate synthase (Oas) proteins mediate 
intrinsic cell resistance to WNV.°°° PKR is activated by binding dsRNA and phosphorylates 
the eukaryotic translation initiation factor 2 (eIF2-qa) resulting in attenuation of protein 
synthesis.’“? PKR also may have independent antiviral effects by activating signaling 
pathways that augment type I IFN production®*+*°° and directly regulating IFN-~7 mRNA 
stability.'°°° RNase L is activated by 2'-5’-linked oligoadenylates that are synthesized by Oas 
enzymes. RNase L inhibits viral infections by functioning as an endoribonuclease that 
cleaves viral RNA!*°-!*94 and by generating small self-RNA PAMPs that amplify antiviral 
immunity through a RIG-I- and MDA5-dependent pathway.°”°°9! Rnasel’~ fibroblasts and 
macrophages support increased WNV replication in vitro,9°°®° and knockdown of RNase L 
enhanced infection in human cells.®°! Moreover, mice deficient in RNase L showed increased 


lethality following WNV infection, with higher viral loads in peripheral tissues at early time 
points after infection.?°° 

Flavivirus resistance is one of the earliest examples of a genetic determinant of pathogen 
susceptibility defined in mice. In 1937, flavivirus resistance was shown to be inherited in a 
single-gene autosomal dominant manner.'!®” In 2002, susceptibility to flaviviruses in mice 
was mapped to a mutation in the gene Oas1b (found in most common laboratory mouse 
strains), resulting in the expression of a nonfunctional truncated Oas1b isoform.’°%-8°° Oas1b 
restricts flavivirus replication by a cell-intrinsic post-entry mechanism independent of RNase 
L°°3 and the type I IFN signaling pathway.'*? Knock-in of the wild-type Oas1b allele into a 
flavivirus-susceptible mouse generated a resistant phenotype,”°* and murine cells that 
ectopically expressed Oas1b resisted WNV infection by preventing viral RNA accumulation 
inside infected cells.°°° While biochemical studies have shown that Oas1b itself is an inactive 
2'-5'-Oas, other experiments suggest that Oas1b inhibits Oas1a activity resulting in reduced 
2'-5'-oligoA production in response to poly(I:C).*?’ Negative regulation of 2'-5'-Oas by 
inactive Oas1b proteins may tune the RNase L response that could cause significant damage 
in cells, if it were not tightly controlled. OAS orthologs in other species also restrict 
flavivirus replication, and OAS1 polymorphisms are associated with WNV disease in 
humans?*®9 and horses. ©9.869.935 


Ectopic expression and siRNA or knockdown or CRISPR-Cas9 gene editing have been 
used to identify novel ISGs that restrict infection of multiple different flaviviruses.?7”-997°9% 
The ISG viperin has inhibitory activity against TBEV, WNV, DENV, and ZIKV (reviewed in 
Ref.°°7). Viperin inhibits flavivirus infection and virulence by diminishing RNA synthesis 
and replication,''°9 inducing assembly of defective virions,!'© and targeting the NS3 protein 
for proteasomal degradation.®°’ JEV appears to counteract the antiviral actions of viperin by 
targeting it for proteasomal degradation.!”* The interferon-inducible transmembrane (IFITM) 
proteins inhibit multiple enveloped viruses, including flaviviruses.!'? IFITM3 suppressed 
WNYV replication in nonneuronal cells, and Ifitm3/" mice were vulnerable to lethal WNV 
infection.°’”° Cell culture studies have shown that IFITM3 can restrict infection and cell death 
associated with ZIKV infection’’”®°’° and that IFITM3 contributed to both the baseline and 
IFN-induced inhibition of DENV infection and entry.!*°> Members of the IFI-6-16 family of 
ISGs (e.g., human IFI-6; mouse [fi27l2a) also have antiviral activity against multiple 
flaviviruses. Ifi27]2a initially was identified in neuronal subsets as antiviral gene against 
SLEV and WNV.!%? Consistent with these data, Ifi2712a~" mice were more susceptible to 
lethal WNV infection and sustained higher viral burden in specific brain regions.°”? A 
CRISPR-Cas9 screen identified the human ortholog, IFI-6, as an inhibitor of WNV, ZIKV, 
YFV, and DENV infections by preventing the formation of virus-induced ER membrane 
invaginations required for replication.9*” Cholesterol 25-hydroxylase is an ISG that catalyzes 
the formation of 25-hydroxycholesterol (25-HC) from cholesterol and was shown to block 
entry of ZIKV, DENV, YFV, and WNV.°!® Studies in nonhuman primates and mice showed 


that 25-HC treatment suppressed ZIKV-induced viremia and infection and tissue damage in 
the embryonic brain of mice.®!® Although the field is rapidly advancing with respect to 
identifying antiviral ISGs against flaviviruses, definitive studies in genetically deficient 
animals may be required to establish the cell- and tissue-specific nonredundant effects of 
individual ISGs in controlling flavivirus infection in the context of a robust type I IFN 
response. 


Type III IFN signaling pathway 


Recent studies have identified important immunomodulatory and antiviral effects of the type 
III (IFN-A) signaling pathway against flaviviruses. IFN-A functions at barrier surfaces and is 
induced downstream of pathogen recognition receptor sensing and activation of MAVS.°! 
IFN-A binds to and signals through a selectively expressed heterodimeric receptor 
(IFNLR1/IL10Rf), distinguishing it from type I IFNs, which bind to the more broadly 
expressed IFNAR1/IFNAR2 heterodimeric receptor. IFN-A has antiviral functions against 
ZIKV in the context of infection of the maternally derived decidua and fetally derived 
placenta during pregnancy in mice and humans.®*!®8.214,484 A K154E coding variant of 
human IFN-A4, which is restricted to certain African populations, remarkably has greatly 
enhanced in vitro activity against ZIKV infection.°° Apart from its direct antiviral effects,°°* 
IFN-A also inhibited neuroinvasion and infection of WNV and YFV by tightening the blood— 
brain barrier.27°°°? 


Inflammasome 


The NOD-like receptors (NLRs) detect danger signals within cells, leading to formation of 
the inflammasome signaling complex and secretion of proinflammatory cytokines of the IL- 
1B family.°’* Pathogens can be detected by NLRs NLRP3 or AIM2, which leads to activation 
of caspase-1 via multiprotein complexes known as inflammasomes. Activation of procaspase 
1 enables processing of pro—IL-16 and pro—IL-18 and subsequent release of the 
proinflammatory cytokines IL-18 and IL-18 from cells.” WNV, DENV, and ZIKV 
infections of humans are associated with elevated levels of systemic IL-1f, suggesting that 
flavivirus infection can activate inflammasome signaling.?'!"'’! In mice, IL-1 signaling and 
the NLRP3 inflammasome are involved in control of viral replication and CNS disease 
associated with WNV infection, and WNV infection triggers production of IL-16 from 
cortical neurons.?!! Consistent with these observations, mice deficient in the inflammasome 
adaptor protein ASC, which is essential for IL-1f6 production, showed reduced survival and 
enhanced WNV replication in peripheral tissues and the CNS.°’! Subsequent studies showed 
that IL-1R1 signaling promotes control of WNV infection within the CNS via modulation of 
local DC-mediated T-cell reactivation and T-cell localization.*9+79° 

Inflammasome activation also has been implicated in enhancing protective immune 


responses or contributing to immunopathology of other flaviviruses including DENV and 
ZIKV. Type I IFNs and IL-18 regulate the antiviral response of primary human y6 T cells 


against DCs infected with DENV, and antagonizing inflammasome activation significantly 
inhibited the anti-DENV IFN-y response of y6 T cells.!!2! In macrophages, the cell-surface 
signaling receptor, CLEC5a, appears to be important for DENV-induced inflammasome 
activation, which might contribute to the febrile syndrome in DENV patients.'*°° Platelets 
appear to enhance the vascular permeability associated with DENV infection through 
inflammasome-dependent release of IL-1f.*/* In the context of ZIKV infection, silencing of 
NLRP3 in cells and knockout of NLRP3 in mice inhibited IL-1 secretion, indicating an 
essential role for NLRP3 in ZIKV-induced IL-1f activation and inflammatory responses in 
the brain and peripheral organs.!'7! ZIKV NS5 protein reportedly facilitates the assembly of 
the NLRP3 inflammasome complex, leading to IL-1f activation through interaction with 
NLRP3 and induction of reactive oxygen species production.**? ZIKV NS1 recruits the host 
deubiquitinase USP8 to cleave polyubiquitin chains from caspase-1 to inhibit its degradation 
by the proteasome.'*°* An analysis of the neural parenchyma from ZIKV-positive 
microcephaly cases found higher expression levels of NLRs NLRP1, NLRP3, and AIM2; 
cytokines IL-1, IL-18, and IL-33; and enzymes caspase-1, iNOS, and arginase 1 compared 
to healthy controls. These results suggest that inflammasome activation might cause 
damaging neuroinflammatory responses that contribute to CZS.**9 


Chemokines 


Depending on the specific flavivirus infection, individual chemokines and cytokines can 
either protect or contribute to pathogenesis. For encephalitic flaviviruses, production of 
inflammatory chemokines in the brain by neuronal and nonneuronal cells coordinates 
recruitment of lymphocytes for clearance of viral infection. Chemokines that have been 
detected in the brain or CSF after WNV, JEV, or TBEV infection of mice include CXCL9 
(MIG), CXCL10 (IP-10), CXCL11 (I-TAC), CCL2 (MCP-1), CCL3 (MIP-1a@), CCL4 (MIP- 
1B), and CCL5 (RANTES).247:40.997,1021L1121 WNV infection in the brain is associated with 
the early expression of the T-cell chemoattractant CXCL10 by infected neurons??’; this 
expression proceeds in a caudal to rostral direction with higher levels detected in the 
cerebellum. This regional heterogeneity in CXCL10 expression is due to differential 
regulation by WNV-infected cortical versus cerebellar granule cell neurons and leads to 
enhanced trafficking of WNV-specific T cells that express the CXCL10 receptor CXCR3 into 
the cerebellum.!*4? Loss of CXCL10 or CXCR3 via targeted deletion or neutralizing 
antibody administration leads to decreased recruitment of WNV-specific CD8* T cells into 
the CNS, especially within the cerebellum, increased viral loads, and enhanced 
mortality.°°”'**3 In contrast, antagonism of polarized CKCR4—CXCL12 interactions along 
the BBB improved survival from lethal WNV infection through enhanced intraparenchymal 
migration of WNV-specific CD8* T cells within the brain, leading to reduced viral loads and 
decreased immunopathology.’*! 


A genetic deficiency in CCR2, a chemokine receptor on inflammatory monocytes and 
other leukocyte subtypes, resulted in markedly increased WNV-induced mortality in mice®** 


and was associated with a selective reduction of monocyte accumulation in the brain. 
Subsequent experiments showed that CCR2 mediates selective peripheral blood monocytosis 
in the context of WNV infection, and this is critical for accumulation of protective monocytes 
in the brain. While a protective role for CCL2—CCR2 interactions was observed with a 
virulent WNV strain, an opposing phenotype was seen after infection with an attenuated 
Strain; neutralization of CCL2 reduced the number of microglia in the brain during WNV 
infection but prolonged the life of infected animals.°°° Thus, depending on the virulence of 
the strain, CCL2-CCR2-dependent monocyte accumulation and migration may differentially 
affect disease outcome after WNV infection. Although both CCR2 ligands CCL2 and CCL7 
are required for monocytosis and monocyte accumulation in the CNS, only CCL7 deficiency 
resulted in increased WNV burden in the brain and enhanced mortality. The enhanced 
susceptibility in Ccl7" mice was associated with the delayed migration of neutrophils and 
CD8* T cells into the CNS.°° 

Additional studies have established that the chemokines CCL3, CCL4, and CCL5, all of 
which bind to the chemokine receptor CCRS, are strongly induced within the brain after 
WNV infection.*©7-°°7107! Moreover, targeted deletion of CCR5 is associated with depressed 
leukocyte trafficking, increased viral burden, and enhanced mortality.*°? In humans, 
homozygosity for a defective CCR5 allele (CCR5A32) correlates with an increased risk of 
symptomatic WNV and TBEV disease.*°*+°79-*0.54! Because the mouse studies examined the 
entire brain with regard to expression and leukocyte trafficking and the human studies did not 
report on specific neurological symptoms, it remains unclear whether CCR5-expressing 
leukocytes also exhibit regional specificity during CNS recruitment. 

For viscerotropic flaviviruses such as DENV, the function of chemokine interaction with 
their receptors remains less certain. Although DENV-infected wild-type mice produce high 
levels of chemokines CCL2, CCL3, and CCLS5S in their spleen and liver, Ccr1 mice had a 
phenotype similar to wild-type mice, whereas infection of Ccr2“~ or Ccr4~ mice showed 
attenuated lethality, liver damage, leukocyte activation, and levels of IL-6 and IFN-y without 
significant differences in viral load.°°? Thus, chemokine—chemokine receptor interactions in 
the context of DENV infection appear to contribute to the development of disease. 
Nevertheless, in an encephalitic mouse model of DENV infection, CXCL10 interaction with 
CXCR3 was required for clearance and resistance to infection.*”° Finally, a case of YFV 
vaccine-associated viscerotropic disease was associated with polymorphisms in both CCR5 
and CCLS genes.°% 


Complement Activation and Flaviviruses 


The complement system is a family of serum and cell-surface proteins that recognize PAMPs, 
altered-self ligands, and immune complexes. Although complement activation inhibits 
infection of many viruses (reviewed in Refs.*°!°72), it has both protective and pathogenic 
roles in flavivirus infection depending on the specific virus, phase of the infection, and 
immune status of the host.4°*" Activation of the complement cascade triggers several 


antiviral functions including pathogen opsonization and/or lysis and priming of adaptive 
immune responses. Complement is activated through the classical, lectin, and alternative 
pathways depending on specific recognition molecules.!'©°'!© Classical pathway activity is 
triggered by Clq binding to antigen—antibody complexes on the surface of pathogens. The 
lectin pathway is initiated by MBL or ficolin recognition of carbohydrate structures on the 
surface of microbes or apoptotic cells. The alternative pathway is constitutively active at low 
levels through the spontaneous hydrolysis of C3 and also amplifies activation of the classical 
and lectin pathways. Deposition of C3 and C4 fragments (C3b and C4b) on a pathogen 
facilitates binding and phagocytosis by complement receptors (CR1, CR3, CR4, and CRIg), a 
process called opsonization, which helps to clear microbial infections.'°4 


Protective activity of complement on flavivirus infection 


Complement can limit flavivirus infection by stimulating adaptive immune responses or by 
directly neutralizing infection. In support of an immune-priming role for complement, C37 
mice are more susceptible to lethal WNV infection and show greater viral burden and 
reduced antiviral antibody titers.”*4 Infection studies with mice lacking C1g, MBL, C4, or 
factor B establish that all complement activation pathways protect against WNV 


infection.**°-’2* However, each activation pathway exerts distinct effects in response to WNV 
infection. Humoral IgM responses to WNV depend upon activation of C3 by the lectin 
recognition pathway. In contrast, both the lectin and alternative pathways appear necessary 
for efficient T-cell priming as C4, factor B’, and factor D“ mice exhibited reduced 
WNV-specific CD8* T-cell responses.’°* The T-cell defects in C4 mice may be indirect as 
depressed IgM responses could affect viral opsonization and antigen presentation. The 
terminal lytic complement components (C5—C9) do not appear to serve a major function in 
protection, as C5 neither contributed to protection against WNV pathogenesis nor augmented 
the neutralizing efficacy of complement-fixing anti-WNV-neutralizing antibodies in mice.’*° 
Flaviviruses directly trigger complement activation, which can inhibit infectivity. Increasing 
concentrations of serum complement neutralize WNV or DENV in cell culture and in vivo in 
the absence of antibody, and this depends on recognition of N-linked glycans on the surface 
of the virion by MBL.*°? Complement activation by flaviviruses occurs in vivo as C3 and C4 
consumption occurs prior to the induction of a specific antibody response.’°* Complement 
augments antibody-mediated neutralization of flaviviruses, including YFV, DENV, and 
WNV.72°4734,1057 The C1q component of complement is sufficient to enhance the potency of 
antibody neutralization as it reduces the number of antibodies that must bind the virion to 


neutralize infectivity.’*° The protective efficacy of flavivirus-neutralizing antibodies in vivo 
correlates with IgG subclasses that efficiently fix complement.’°?9°" 


Pathologic effects of complement on flavivirus infection 


In myeloid cells that express complement receptors, antibody-dependent complement 
activation paradoxically may enhance viral infection.'°*'®? Blockade of complement 


receptor-3 (CD11b/CD18) abrogated the complement-dependent enhancement of WNV 
infection in this model system. Thus, under certain circumstances, antibody and complement- 
dependent opsonization of flaviviruses may increase infection in myeloid cells. During WNV 
infection, a complement-microglial axis promoted synapse loss in brain neurons and was 


associated with memory impairment in mice.''4” Clq was up-regulated and localized to 
microglia, infected neurons, and presynaptic terminals during WNV neuroinvasive disease. 
Microglial engulfment of presynaptic terminals in hippocampal neurons in the context of 


acute and subacute WNV infection occurred through a complement-dependent process.!!47 A 
pathological role for complement activation has been proposed for the vascular leakage 


syndrome that accompanies severe dengue.*!!°” In early clinical studies, reduced levels of 
C3, C4, and factor B and increased catabolic rates of C3 and C1q were observed, particularly 


in patients with severe DENV disease.!°’ Additionally, C3 breakdown products and 
anaphylatoxins accumulated in the circulation of severely ill patients and peaked at the day of 


maximum vascular leakage.*°°°8? Circulating immune complexes formed by virions and 
DENV-specific antibodies have been hypothesized to cause pathological complement 


activation.!°” One alternative hypothesis is that infected cells express sufficient amounts of 
DENV antigens (E or NS1 proteins) on their surface facilitating immune complex formation 


and complement deposition.®° Indeed, in DENV-infected endothelial cells, lower factor H 
compared to factor B production and greater C3b and C5b-9 deposition was observed, which 


might contribute to enhanced vascular permeability.°?4!!4° In some human populations, 
factor H gene polymorphisms and haplotypes with higher levels of expression are associated 


with protection against severe DENV disease.°°7-8° 


Humoral Immunity 


Humoral immunity contributes significantly to the protective host response to flavivirus 


infection (reviewed by Ref.'°**). Passive administration of flavivirus-reactive monoclonal 
antibodies (mAbs), purified polyclonal y-globulin, or immune sera confers significant 


protection in animal models of flavivirus infection.2°?7°%!© Moreover, the administration of 


y-globulin has been used therapeutically.°°9!° Advances in antibody sequencing and isolation 
techniques enabled isolation of potently neutralizing human antibodies with therapeutic 


potential.°*°8°9 Although neutralizing antibody titers correlate with protection by several 


flavivirus vaccines,’®*°!7!17/4 this relationship is imperfect.97!!°° Antibodies also exert 
protective effects via effector functions coordinated by the Fc portion of the immunoglobulin 
heavy-chain molecule, including complement fixation, antibody-mediated cellular 


cytotoxicity, and facilitating virus clearance.’??°°9-9°° Furthermore, anti-flavivirus antibodies 
may be protective even when targeting nonstructural proteins, such as NS1.447829!8 


Mechanisms of Neutralization 


Antibody-mediated neutralization is defined as a reduction in the ability of viruses to 
productively infect cells as a direct result of antibody occupancy of the virion. Antibody- 


mediated neutralization of flaviviruses occurs when individual virions are engaged by 
antibody with a stoichiometry that exceeds a required threshold (reviewed in Ref.7°). The 
number of antibodies decorating the virion at any antibody concentration is controlled by the 
functional avidity of antibody binding and epitope accessibility on the virion. As detailed 
above, the dense arrangement and dynamics of E proteins on the virus particle, combined 
with structural heterogeneity arising from incomplete prM cleavage, define the accessibility 
of viral surfaces for antibody recognition and neutralization.*’?°!® While some antibodies 
target poorly accessible epitopes with limited or no capacity to neutralize infection, other 
classes recognize quaternary epitopes displayed on the surface of infectious virions, as 
detailed below. Advances in defining structure—function relationships of antibodies elicited 
by flavivirus infection or vaccination have improved understanding of neutralization 
mechanisms, potency, and vaccine antigen design. 


Antibodies block infection via mechanisms that act at distinct steps in the flavivirus 
replication cycle (Fig. 9.10). Antibodies can block flavivirus attachment to host 
cells.229:490833 At present, it is unknown whether antibodies that block attachment to cells do 
so by interfering with specific receptor interactions on the target cells or via a general steric 
hindrance mechanism. Flavivirus-reactive antibodies also block infection after the virus 
attachment step. Seminal studies by Gollins and Porterfield demonstrated that antibodies 
could block the uncoating and infectivity of WNV even when added after virions attached to 
cells. Furthermore, they demonstrated that antibodies could directly block fusion of virions to 
synthetic liposomes.*’? These observations have been expanded greatly to include other 
flaviviruses and antibodies.9**'!!9 Analysis of the ability of a large panel of TBEV-reactive 
antibodies to block liposomal fusion revealed mAbs capable of blocking fusion completely 
(25% of antibodies tested), partially (58% of antibodies tested), or not at all (17% of 
antibodies tested).!°”° These results suggest an ability to block fusion is a relatively common 
functional property of neutralizing antibodies. Structural studies illustrate different ways in 
which antibodies block fusion. Experiments with anti-WNV mAb E16 suggest this antibody 
blocks the radial expansion of the virus particle and traps it in an intermediate step of the 
fusion process following exposure of the virus to acidic pH conditions (Fig. 9.10).°'* 
Alternatively, some antibodies prevent the disassociation of E protein dimers at the onset of 
fusion through the recognition of epitopes composed of features on more than one E protein. 
Multiple antibodies that inhibit fusion via this type of quaternary recognition have been 
described including those targeting WNV, DENV, and ZIKV.°*2,329.443.515.1107 Individual 
mAbs may be capable of blocking infection at more than one step of the virus entry pathway. 
Factors with the potential to impact neutralization mechanism include antibody 


concentration, virion maturation state, and host immune factors such as Clq and Fc 
receptors. 254733,734,1057 


Antibody-Dependent Enhancement of Infection 


ADE of infection describes the marked increase in the efficiency of infection of cells 
expressing Fc receptors by viruses—antibody complexes.**?*°° While ADE has been 


demonstrated for several families of viruses in vitro, a role for enhancing antibodies in the 
pathogenesis of human disease has been demonstrated in limited contexts, including 
secondary DENV infection.°°8°°9 Aspects of the complex pathogenesis of secondary DENV 
infection have been recapitulated in animal models. Passive transfer of DENV-reactive 
antibodies increases viral burden and exacerbates disease in an IFN-afy receptor-deficient 
mice°~!49 and increases viremia in primates.?’!4!° A recent study of serum collected from a 
longitudinal cohort identified a narrow range of pre-existing anti-DENV antibody titers as a 
predictor of risk for severe dengue.°!* ADE has also been suggested as a cause for adverse 
outcomes in the context of the Dengvaxia® tetravalent vaccine in children, as detailed below. 


The mechanism of ADE has been studied extensively. The phenomenon of ADE is 
controlled by the number of antibody molecules, which serve to more efficiently attach viral 
immune complexes to cells expressing Fcy or complement receptors.**! Almost all antibodies 
have the capacity to support ADE, although exceptions have been reported.’** Antibody 
concentrations that support ADE are bounded at the upper end by the neutralization threshold 
and at lower concentrations by the minimal number of antibodies required for durable 
attachment to Fcy receptors. This window of enhancing concentrations is modulated by 
antibody isotype, Fc receptor subtype, and complement.’*!!**! Interactions between viral 
immune complexes and Fcy receptors are determined by the constant region of the antibody 
heavy chain and influenced by the single conserved N-linked glycan at position N297 of the 
IgG heavy chain. ADE can be inhibited by antibodies that block Fcy—receptor interactions,°° 
enzymatic removal of the heavy chain of the antibody molecule,'**? and removal of the N- 
linked glycan on IgG molecules.°**’-878 A recent study suggested the composition of the N- 
linked sugar on anti-DENV antibodies correlated with disease outcome,!!”® providing a new 
mechanistic link between antibody effector activities and DENV pathogenesis. Two Fc 
receptor—independent mechanisms of ADE have also been described. Haslwanter and 
colleagues demonstrated that the binding of an antibody at the TBEV E protein dimer 
interface of mature virions caused displacement of the E-DII-FL resulting in more efficient 
binding to lipid membranes.*“° A DENV-reactive antibody that is cross-reactive with a cell- 
surface—expressed host protein has been shown to promote ADE in the absence of Fc 
receptors because it is capable of simultaneously binding both the virion and target cell.4” 


The mechanisms of ADE also may promote more efficient viral replication and spread at 
a postentry step. The ligation of monocyte or macrophage Fcy receptors by IgG immune 
complexes, rather than aiding host defenses, has been hypothesized to suppress innate 
immunity, increase production of IL-10, and bias T-helper cell responses, leading to 
increased infectious output by infected cells.4*””?! Initial studies with the unrelated Ross 
River alphavirus in RAW 264.7 macrophage-like cells showed that infection by ADE 
suppressed expression of CXCL10, NOS2, IRF1, TNF-a, and IFN-y.®*°® Subsequent 
experiments with DENV in the THP-1 monocytic cell line confirmed that ADE attenuated 
innate immune responses by down-regulating the RIG-I/MDA5 signaling pathway and 
decreasing production of type I IFN and ISGs.!!°° However, more recent experiments with 


DENV infection and primary human monocytes!?%°°° did not demonstrate suppressed 
production of inhibitory or immunomodulatory cytokines in the context of ADE. One caveat 
to this concept of intrinsic ADE is that enhanced viral entry and infectivity (via DENV 
immune complex interaction with Fcy receptor) yield higher levels of viral nonstructural 
proteins in a cell, which themselves independently suppress innate immunity*?%2°° 
irrespective of Fcy receptor signaling. Although the idea that intrinsic ADE of infection 
suppresses innate immunity and modulates disease severity of DENV infection is 
appealing,*?’ it remains to be distinguished from the enhanced infectivity per se and 
confirmed in a physiologically relevant setting. 


The Antigenic Structure of Flaviviruses 


Flaviviruses were first classified according to serological reactivity by arbovirus-immune 
sera./©824© Flavivirus-reactive antibodies continue to be classified with respect to their 
capacity to discriminate between the antigens of viruses within and between related 
serological groups of viruses.!!*° For example, mAbs that react with DENV may be type- 
specific (one DENV serotype), sub—complex-specific (more than one DENV serotype), 
complex-reactive (all DENV viruses), or flavivirus group—reactive (multiple flaviviruses).*>4 
The extensive cross-reactivity among flaviviruses complicates the use of serological 
diagnostics to manage flavivirus outbreaks and disease. Large panels of murine and human 
mAbs against DENV, WNV, ZIKV, TBEV, and JEV have been developed and 
characterized.!°“4 These efforts reveal that virtually every exposed surface of the flavivirus 
virion may be targeted by antibodies. 


E protein epitopes recognized by neutralizing antibodies 


The majority of neutralizing antibodies bind epitopes on the E protein.!°** Early studies 
distinguished epitopes on the E protein based on the biochemical and functional properties of 
mAbs, including a capacity to bind and compete for viral antigens, neutralize virus, and 
inhibit hemagglutination of red blood cells. Epitopes are now cataloged using structural 
methods, saturation mutagenesis, and neutralization escape studies. A nonexhaustive 
catalogue of well-characterized flavivirus epitopes is detailed below: 


1. DITI-LR. The DHI-LR epitope is an accessible surface of DIII composed of three 
discontinuous loops and the amino-terminal region. Multiple DIII-LR—reactive 
neutralizing antibodies have been described. As an example, mAb E16 is a type- 
specific WNV-reactive MAb that neutralizes at picomolar concentrations in vitro and 
protects mice from lethal challenge when administered 5 days after infection. °*-78+°9 
The molecular basis for E16 recognition on E-DII and mature virions has been 
detailed using structural and functional approaches.°!+®*? Type-specific mAbs that 
bind the DIII-LR of DENV, JEV, TBEV, and ZIKV have been 
described. !24321,916,938,1079,1222,1251 while antibodies of this specificity are common in 
the repertoire of murine antibodies elicited by infection, their contribution to the 


human repertoire of antibodies elicited by WNV or DENV is limited.79°18-1!29.1163 Th 
contrast, the contribution of DIII-reactive antibodies to the neutralizing activity of 
ZIKV-immune sera is significant.9°°-!*74 

2. DII-FL. Antibodies that bind the E-DII-FL are highly cross-reactive.27}2749411071 The 
accessibility of this epitope is very sensitive to the maturation state of the virion; 
antibodies that bind this conserved structure have a limited capacity to bind mature 
virions.°*!-!07! Passive transfer of E-DII-FL antibodies in mice reveals they may be 
protective, have limited potency, and may be dependent on Fc-dependent 
mechanisms. !°89.115® While mutation of E-DII-FL residues reduces antibody binding, 
other adjacent structures also may contribute to the fine specificity of binding and the 
functional properties of these antibodies.*°*.7”."*! The structure of the E-DII-FL 
antibody mAb E53 bound to soluble E proteins was solved.!%° Residues shown to be 
important antibody contacts for this antibody include those of the fusion loop (residues 
104-107 and 109-110) as well as residues of the BC loop of E-DII.°*! The DENV 
1C19 mAb binds a similar epitope, including the BC loop, and was remarkably potent 
in vitro and in murine models.!°° Other modes of E-DII-FL recognition have been 
documented. DII-FL antibodies are common in humans.’%2°78401069, 1120 

3. Quaternary epitopes. Many antibodies have been described that recognize quaternary 
epitopes unique to the surface of mature virions (reviewed by Ref.!°**). Antibodies 
with these properties typically are identified by their inability to bind soluble E 
proteins despite efficient recognition of the virus particle. One well-studied example is 
the E-dimer epitope (EDE).*°?°72.°° Antibodies that bind the EDE interact with 
residues on E-DI and E-DIII of one E protein subunit and a conserved patch of E-DII 
on the opposing E protein of the dimer, including the E-DII-FL. Some EDE antibodies 
also contact the N-linked sugar of E-DII.9°° The EDE footprint largely overlaps the 
surface contacted by prM on immature virions at low pH.?°° EDE antibodies potently 
neutralize infection and are cross-reactive; antibodies elicited by DENV infection have 
been shown to neutralize both ZIKV and SPOV and are cross-protective in animal 
models*©° Unexpectedly, EDE antibodies bind virions in a manner insensitive to the 
presence of uncleaved prM, despite the quaternary nature of the epitope, and overlap 
between the EDE and prM binding footprints.?°° These data suggest partially mature 
virions exist in a dynamic equilibrium that allows antibody to displace uncleaved prM 
and trap E proteins in antiparallel dimers. 


Antibodies that bind the prM protein 


Antibodies that bind prM protein have been described. 7919°.2°1,311,1047,1149 Generally, these 
antibodies are characterized by limited neutralizing activity in vitro. Studies of the memory 
B-cell antibody repertoire indicated that DENV prM-reactive antibodies are relatively 
common.***°! These antibodies are typically cross-reactive among DENV viral serotypes. 
prM-specific antibodies have been hypothesized to contribute to the pathogenesis of DENV 


infection due to their capacity to readily support ADE.*°)°°9 A recent demonstration that 
DENV-1 circulates as mature virions in vivo raises questions about the role of partially 


mature viruses in the pathogenesis of DENV.?!4 


NS1-reactive antibodies 


The nonstructural protein NS1 of some flaviviruses is secreted at high levels into the 
extracellular environment during flavivirus infection, predominantly as a hexamer,?”° with 
significant accumulation (up to 50 pg/mL) in the sera of DENV-infected patients.1441°1123! 
NS1 plays multiple roles in flavivirus pathogenesis including the inhibition of complement 
by binding the negative regulator factor H or by promoting C4 degradation.*”7°° NS1 has 
been hypothesized to play a mechanistic role in severe dengue (reviewed by Ref.°°!). NS1 
interactions with the vascular endothelium increase permeability by disrupting tight 
junctions.°°”7 NS1 also promotes dysregulated cytokine production following TLR4- 
dependent interactions with mononuclear cells, indirectly contributing to vascular leakage.’°’ 
Autoreactive NS1-binding antibodies may contribute to pathogenic features of secondary 
DENV infections through multiple mechanisms including the activation and complement- 
mediated opsonization of platelets, decreasing anticoagulation factors, and promoting 
inflammation and apoptosis.'°°*!°84 Many NS1-reactive mAbs have been characterized. 
Passive transfer of mAbs against NS1 can protect mice against lethal infection by DENV, 
WNV, YEV, and ZIKV,44294,988.987 and this requires an intact Fc moiety.2°420289.990 
Protective anti-NS1 MAbs have been shown to recognize cell-surface—associated NS1 and 
trigger Fcy receptor-dependent phagocytosis and clearance of WNV-infected cells.2°° NS1 
has been developed as a vaccine target for multiple flaviviruses with promising 
results, /4120,257,312,902,986,988 Because NS1-reactive antibodies do not bind virus particles, a 
conceptual advantage of this vaccine platform is that antibodies are incapable of contributing 
to ADE. 


The Repertoire of Antibodies Elicited In Vivo 


The composition of the polyclonal antibody response elicited by infection has been studied 
using multiple techniques, yielding many important insights (reviewed in Refs.°42-!0%), 
Analysis of the specificity of antibodies in the memory B-cell compartment provided insight 
into surfaces recognized by antibodies, antibody ontogeny, and identified the importance of 
quaternary modes of recognition. Biochemical studies with recombinant proteins and virus 
particles incorporating mutations in the fusion loop suggest antibodies that bind the E-DII-FL 
are a considerable portion of circulating antibodies.27)227997-9.840 Cross-reactive human E- 
DII-FL mAbs are frequently isolated from the memory B-cell compartment.’?7°1:2921120 
Serum antibody depletion experiments using intact virions or soluble dimeric E proteins 
suggest the majority of circulating neutralizing antibodies bind epitopes contained within 
and/or among E protein dimers on mature virions.*®°"'®! Numerous human mAbs that bind 


complex quaternary epitopes have been described (reviewed by Ref.°*°). The use of 
molecular clone technology to transplant selected quaternary epitopes recognized by type- 
specific DENV antibodies among DENV strains has provided insight into the specificity of 


the neutralizing antibody response to infection and vaccination.***>“4 


T-Cell—Mediated Control 


CD8* T Cells 


CD8*" T cells, by virtue of their ability to lyse infected target cells and produce inflammatory 
cytokines (e.g., IFN-y and TNF-a), can have either protective or pathologic effects depending 
on the context. Depending on the flavivirus strain and experimental system, beneficial or 
adverse functions of CD8* T cells have been reported. Experiments in small animal models 
and in vitro demonstrate that CD8* T lymphocytes can be an essential component of 
protection against infection by several flaviviruses, including WNV, DENV, YFV, ZIKV, and 
JEV.97:125-127,655,802,803,901,917,1026,1043,1196,1223,1225 Consistent with this, individuals with 
hematologic malignancies and impaired T-cell function have an increased risk of 
neuroinvasive WNV infection.°°4°°° Upon recognition of a flavivirus-infected cell that 
expresses class I MHC molecules, antigen-restricted cytotoxic T lymphocytes (CTL) 
proliferate, release proinflammatory cytokines, '*°776°20°64.90! and lyse cells directly through 
the delivery of perforin and granzymes A and B, or via Fas—Fas-ligand interactions. In WNV 
infection, mice deficient in CD8* T cells have higher and sustained WNV burdens in the 
spleen and CNS and increased mortality.'°*°!'7° CD8* T cells require perforin and Fas 
ligand interactions to control infection of virulent WNV strains as mice deficient in these 
molecules had increased CNS viral burdens and lethality.!°*7!°°? Moreover, adoptive transfer 
of wild-type but not perforin- or Fas-ligand—deficient CD8* T cells decreased CNS viral 
burden and enhanced survival. The net function of CD8* T cells in infection by other 
encephalitic flaviviruses (e.g., JEV or MVEV) also varies. Initial reports showed that JEV- 
specific cytotoxic CD8* T cells could reduce production of infectious virus from infected 
macrophage and neuronal-like cells in vitro.°°* Moreover, adoptive transfer of anti-JEV 
CD8*" T cells by an intracerebral route protected adult but not newborn or suckling BALB/c 
mice against lethal JEV challenge.°°? However, in vaccine immunization studies, challenge 
experiments in mice deficient in CD8" T cells indicate that CD8" T cells are dispensable, and 
immune antibody was the most critical component of protection.®°® CD8* T cells may have a 
lesser role in vivo in JEV infection because of active subversion of the antigen-presentation 
pathway by the virus; JEV infection can lead to active depletion and impairment of CD8a 
*CD11c* dendritic cells,!°!® which are the cells that dominantly mediate cross presentation 
of antigen and priming of CD8* T-cell responses in vivo.*°* With MVEV infection, effector 
CD8* T cells in the brain appear pathological as mice deficient in granule exocytosis 
(perforin or granzyme B) or Fas-mediated cytotoxicity showed delayed and reduced 


mortality.°°7 


For DENV, which generally does not cause encephalitis, the protective or pathologic 
function of CD8* T cells still is not fully resolved. During primary infection of mice, 
depletion of CD8* T cells before infection resulted in significantly higher viral loads. DENV- 
specific CD8* T cells produced IFN-y and TNF-a and exhibited cytotoxic activity in vivo.!?2° 
In comparison, a pathogenic role of CD8"* T cells has been reported during secondary DENV 
infection. Due to the significant amino acid sequence homology among the four serotypes, 
there is a high potential for T-cell cross-reactivity during secondary heterologous DENV 
infection. Serotype cross-reactive CD8* T cells are preferentially activated during secondary 
infection in humans in a phenomenon termed “original antigenic sin”.’”” These cross-reactive 
CD8* T cells exhibit altered cytokine production and reduced cytolytic activity.°»7°%)7”® 
Aberrant cytokine production by T cells could contribute to severe DENV disease, as higher 
levels of proinflammatory mediators may contribute to endothelial cell dysfunction or 


damage, leading to plasma leakage.’!° 


More recent studies that have profiled antigen-specific CD8* T-cell responses against 
DENV have suggested that immune imprinting contributes to a protective response. An 
analysis of CD8* T-cell responses from human subjects in Sri Lanka challenges the original 
antigenic sin theory.''®9 Although skewing toward primary infecting DENV was detected, 
this was not associated with qualitative or quantitative impairment of responses. Higher 
magnitude and more polyfunctional responses for HLA alleles were associated with 
decreased susceptibility to severe disease, suggesting that CD8" T cells are protective against 
DENV disease.!!®9:"!9! Consistent with these results, in studies with HLA transgenic mice 
although cross-reactive DENV CD8* T-cell responses were lower than responses elicited by 
serotype-specific T cells, immunization with either serotype-specific or variant peptide 
epitopes enhanced viral clearance, demonstrating that both serotype-specific and cross- 
reactive CD8* T cells can contribute to in vivo protection against DENV infection.°°° Finally, 
primary DENV infection induces antigen-specific CD8* T cells that are highly activated and 
proliferating, exhibit antiviral effector functions, and home to the skin.?°” 


In the context of the intensive study of ZIKV pathogenesis, much has been learned about 
CD8* T-cell responses to ZIKV from animal and human studies, which suggest these 


immune cells are largely protective. In mice, polyfunctional, cytotoxic CD8* T cells become 
activated and can reduce ZIKV burden, whereas their depletion or genetic absence resulted in 
greater ZIKV infection and mortality,°?' and adoptive transfer of ZIKV-immune CD8* T 
cells protects against ZIKV infection.*’”° Another study showed that both ZIKV-specific and 
ZIKV/DENV cross-reactive CD8* T cells can protect against ZIKV infection,'!%° and prior 
DENV immunity can protect against ZIKV infection during pregnancy in mice, and CD8* T 
cells mediate this cross protection.?!’ Whereas in most cases, CD8* T cells have conferred 
protective activity against ZIKV in mice, pathological consequences in the CNS have been 
described as well.°°7°%° 


Less is known about human CD8" T-cell responses to ZIKV. Initial studies showed that 
CD8" T cells were highly activated during the viremic phase, and tetramer-positive ZIKV- 
specific CD8* T cells could be detected in blood.°°%-9*° More recent studies have shown that 
ZIKV-specific CD8* T cells have a polyfunctional IFN-y signature with up-regulation of 
TNF-a, cell activation markers (e.g., CD69), and cytotoxic proteins.°9" 


CD4* T Cells 


CD4* T cells can restrict or contribute to pathogenesis depending on the flavivirus and 
whether the response is primary or anamnestic. Studies in mice have shown that CD4* T cells 
restrict pathogenesis of primary WNV infection. A genetic or acquired deficiency of CD4* T- 
cell function resulted in protracted WNV infection in the CNS that culminated in uniform 
lethality by 50 days after infection. CD4* T cells protect against primary WNV infection by 
providing help for antibody responses, sustaining WNV-specific CD8* T-cell responses in the 
CNS that enable viral clearance, producing antiviral cytokines, and directly killing 
cells.!*7-1°43 A protective role for CD4* T cells against lethal JEV infection in mice was 
observed as depletion reduced and adoptive transfer promoted survival.’ Moreover, in 
humans, impaired JEV-specific CD4* T-cell function (e.g., IFN-y secretion) was seen 
preferentially in patients with encephalitis and neurological sequelae,?’* and a high-quality, 
polyfunctional CD4* T-cell response was associated with recovery from JEV.'!°° Consistent 
with these data, CD4~ mice also showed greater susceptibility to CNS infection by a 
neuroadapted strain of YFV.°° In comparison, depletion of CD4* T cells prior to DENV 
infection in mice had no effect on tissue viral burden, DENV-specific antibody titers or 
neutralizing activity, or CD8* T-cell responses.!*7" 


Memory CD4" T cells can have protective or pathological consequences depending on 
the context. For DENV, immunization schemes that elicit antigen-specific CD4* T cells prior 
to infection of mice resulted in significantly lower viral burden after challenge with 
homologous DENV.!**? Moreover, in humans, highly polarized cytotoxic CD4* T cells were 
associated with protective immunity.'!9° A megapool of 180 different peptides has been 
developed to effectively measure ex vivo CD4* T-cell responses irrespective of DENV 
serotype or geographical location.*?! Under certain conditions, induction of CD4* T cells can 
contribute to viral clearance and reduced pathogenesis. However, during heterologous 
secondary DENV infection, cross-reactive CD4* memory T cells may be stimulated by 
antigen from the secondary infection. These CD4* T cells then augment the response of 
memory CD8* T cells, which can result in an overexuberant production of inflammatory 
cytokines and an increased risk for severe DENV disease.”° 


Experiments with ZIKV also have established protective functions of CD4* T cells. In 
studies with Ifnar1~~ mice, a neutralizing antibody response was dependent on CD4* T cells 


and associated with reduced viral load in the brain and mortality. Adoptive transfer of 
purified CD4* T cells prevented infection-associated weight loss and protected all animals 
against a lethal ZIKV infection.*4”°”4 A polyfunctional and polyclonal CD4* T-cell response 
can prevent ZIKV neuroinvasion and infection within the CNS. Moreover, DENV-specific 
memory CD4" T cells display antiviral effector capacity toward ZIKV, suggesting a potential 
beneficial effect in humans of preexisting T-cell immunity to DENV upon ZIKV infection.®°® 


CD4* CD25" FoxP3* Regulatory T Cells 


Regulatory CD4* T cells (Tregs) are a subset of CD4* T cells that can suppress effector T 
cells to control reactivity to self-antigens and pathogens.9°?'°°9 These cells blunt 
inflammation and maintain antigen-specific T-cell homeostasis.°°*°° Tregs control the 
development of symptomatic WNV infection in humans and mice.°°4 Symptomatic WNV- 
infected mice and humans had lower Treg frequencies compared with asymptomatic cohorts, 
and Treg-deficient mice developed lethal WNV infection at a higher rate than controls. Using 
the genetic variation of mice from the Collaborative Cross, one group established a model of 
chronic, persistent WNV infection, and this was associated with a strong immunoregulatory 
signature upon infection that correlated with restraint of the WNV-directed cytolytic 
responses.*°° Moreover, Treg-dependent production of TGF-B shaped the resident memory 
CD8* T-cell response in the brain after WNV infection.*°° Interestingly, in severe DENV 
infection in humans, although Tregs expand and function normally, their relative frequencies 
are insufficient to control the immunopathology of severe disease.°”° Indeed, a separate study 
showed that although FoxP3* Tregs expand in acute dengue, they predominantly consist of 


naive Tregs, with poor suppressive capacity.*°? A more detailed study is needed to clarify the 
role of Tregs in preventing or promoting flavivirus pathogenesis. 


Flavivirus Immune Evasion 


Evasion of the Type I IFN Pathway 


Flaviviruses have evolved several strategies to avoid and/or attenuate induction of type I IFN 
and its effector responses. In cell culture, flaviviruses are largely resistant to the antiviral 
effects of IFN once infection is established.*°* This may explain, in part, the relatively 
modest therapeutic window for IFN-a administration that has been observed clinically in 
animal models or humans infected with JEV, SLEV, and WNYV.!78:°07,9101052 Experiments by 
several groups have demonstrated that individual flaviviruses attenuate IFN signaling at 
distinct and multiple steps in the cascade. Excellent recent reviews can be accessed for 
further mechanistic detail.2°247,7°% 


Inhibition of IFN-B gene induction 


Three mechanisms have been described by which flaviviruses minimize the induction of 
IFN-B (Fig. 9.11): 

1. PRR detection. Highly pathogenic WNV strains evade IRF3-dependent recognition 
pathways without actively antagonizing the host defense signaling pathways.*°° 
Virulent WNV strains delay activation of PRR, such as RIG-I, through uncertain 
mechanisms to provide the virus with a kinetic advantage in the infected cell to elude 
host detection during replication at early times after infection.°!® In contrast, less 
pathogenic strains of WNV induce greater levels of IFN at early time points.°!” One 
strategy that DENV and WNV likely use to prevent RLRs from accessing viral RNA in 
the cytoplasm is the formation of separate replication compartments. Flaviviruses 
replicate in ER-convoluted membrane vesicles, also called viroplasm-like 
structures,?°”!!93 which may function as a physical barrier to conceal dsRNA from 
cytoplasmic RLR sensors and delay IFN induction. As a second strategy, DENV and 
ZIKV NS4B induces elongation of mitochondria, which physically contact the ER- 
associated membranes that are sites of replication. This restructuring attenuates RIG-I— 
dependent activation of IFN responses.!®! 


2. PRR signaling. Individual flaviviruses interfere with specific steps in PRR signaling 
pathways to inhibit IFN-6 induction. DENV sfRNA, a noncoding RNA derived from 
the 3’ UTR of viral genomic RNA that contributes to pathogenicity and evasion of the 
type I IFN response, /2° can inhibit TRIM25-dependent activation of RIG-I.°° 
Multiple flavivirus NS3 proteins (e.g., DENV and WNV) can compete with RIG-I for 
14-3-3¢ binding to inhibit the translocation of RIG-I to mitochondria.!”° The strong 
binding affinity of NS3 for 14-3-3¢ was attributed to a highly conserved 4—amino acid 
motif 64-R-X-E-P-67, in which the central E66 glutamic acid residue mimics the 
phosphorylated Ser/Thr residue of cellular 14-3-3—binding motifs. ZIKV, DENV, 
WNYV, and JEV, but not YFV NS2B/3 proteases, cleave STING, thereby preventing 
type I IFN induction mediated by cGAS, possibly downstream of virus-induced DNA 
damage or mitophagy.®*°9-!*32 As the cleavage sites for DENV and ZIKV NS2B/3 are 
present in human STING, but not in the murine ortholog, STING likely functions as a 
species-specific restriction factor for these viruses. 

3. Downstream of PRR signaling. The NS2B/3 protease of DENV can bind to [KKe and 
block its kinase activity, thereby inhibiting IRF3 phosphorylation and its nuclear 
translocation.*’ Ectopic expression of NS2A and NS4B from DENV-1, DENV-2, and 
DENV-4, as well as NS4B of WNV, inhibited the autophosphorylation-dependent 
activation of TBK1.*°4 The NS4A protein from DENV-1, but not other DENV 
serotypes, also inhibited TBK1, suggesting that DENV-1 contains additional IFN- 
regulating virulence determinants. ZIKV NS1 and NS4B also appear to inhibit IFN-B 
induction at the level of TBK1 activation.'*!° The high-mannose carbohydrates on the 
E protein may independently block the production of IFN-f, IL-6, and TNF-a that is 
induced by dsRNA in macrophages. This effect was not directly dependent on TLR3 
but instead occurred downstream at the level of the signaling intermediate and NF-KB 


activator, receptor-interacting protein (RIP)-1.°! Based on studies with macrophages 
from different age cohorts, this E protein—dependent inhibitory pathway may be 
dysregulated in elderly humans, leading to a pathogenic cytokine response.°“® 
Although the mechanistic basis for how specific forms of the E protein alter antiviral 
signaling programs remains uncertain, glycosylated E proteins can potentially signal 
through multiple cell-surface lectins including the mannose receptor’*” and 
CLEC5a.189 


4. IFN-B gene transcription and translation. Studies with KUNV have identified the 
nonstructural protein NS2A as an inhibitor of IFN-B gene transcription.©°°° 
Incorporation of an A30P mutation of NS2A into a KUNV genome resulted in a virus 
that elicits more rapid and sustained synthesis of type I IFN; infection of this mutant 
virus in vitro and in vivo was highly attenuated. The exact cellular target of NS2A and 
its mechanism of inhibition remain unknown. More recent studies with ZIKV suggest 
that flaviviruses also may independently inhibit IFN-f translation in human dendritic 
cells and neuroprogenitor cells through an as yet uncharacterized mechanism that may 
depend on motifs in the viral NS4B protein.!!©?” 


Impaired IFNAR pathway signaling 


In addition to antagonizing induction of IFN-f, several flaviviruses target the JAK-STAT 
signaling pathway for evasion to prevent the induction of antiviral ISGs (Fig. 9.12). Thus, 
even when type I IFN is produced, it may not achieve its optimal inhibitory effect because of 
attenuated signaling capacity. As the nonstructural proteins NS2A, NS3, NS4A, NS4B, and 
NSS mediate many of the viral evasion mechanisms described below, these countermeasures 
are largely intrinsic to infected cells. 


1. Phosphorylation of JAKs. Studies with LGTV and WNV found interference with 
phosphorylation of both JAK1 and Tyk2.°74° A variation on this was observed with 
JEV, which showed complete inhibition of phosphorylation of Tyk2 with little effect on 
JAK1 phosphorylation.’ Expression of a subgenomic replicon or infection of cells 
with DENV also inhibited Tyk2 phosphorylation and had no effect on IFNAR 
expression.*°” However, there may be cell- or virus-specific effects, as JEV also 
inhibits STAT1 and STAT2 activation in the setting of normal levels of Tyk2 
phosphorylation.°*° 

2. STAT1 and STAT2 protein expression and function. Another important evasion strategy 
employed by several different flaviviruses is the direct antagonism of STAT1 and/or 
STAT2. Ectopic expression studies in A549 cells with DENV showed that NS2A, 
NS4A, or NS4B enhanced replication of an IFN-sensitive virus by blocking nuclear 
localization of STAT1.°°° Subsequent experiments showed that NS4B of DENV, WNYV, 
and YFV partially blocks STAT1 activation and ISG induction.’”?? Mutagenesis studies 
have identified a sequence determinant on WNV NS4B (E22/K24) that controls IFN 
resistance in cells expressing subgenomic replicons.°”2 


The nonstructural proteins of WNV, DENV, ZIKV, and YFV potently block STAT2 
activation through different mechanisms.°*72°°97.99°.661,718 The NS5 protein of DENV 
recruits the host factor UBR4, which induces the proteasomal degradation of 
STAT2.’°° Although ZIKV similarly promoted proteasomal degradation of STAT2, it 
did not require UBR4.°8° Both DENV and ZIKV NSS interact with human STAT2, but 
not mouse Stat2,°°°° indicating that STAT2 also contributes to the species-specific 
restriction of DENV and ZIKV infection. Introduction of either the structural (capsid 
and E proteins) or nonstructural (NS1—5) proteins from a pathogenic WNV strain 
(Texas 2002) into an attenuated strain (Madagascar 1978) led to more potent IFN- 
antagonistic activity and pathogenesis, suggesting that both structural and nonstructural 
proteins of WNV contribute to efficient STAT1/2 inhibition.!°°’ Antagonism of STAT2 
by YFV has some unique features. For example, the binding of YFV NS5 to STAT2 
depends on stimulation of cells with type I or III IFNs.°?” Type I IFN signaling 
promotes TRIM23-dependent K63-linked ubiquitination of YFV NS5 that enables its 
association with STAT2.°9” Unlike DENV or ZIKV, STAT2 binding by YFV NSS does 
not promote degradation but rather inhibits interaction of ISGF3 to promoter elements 
to prevent ISG transcription. 

While NS5 attenuates JAK-STAT signaling after TBEV, LGTV, and JEV infection, the 
mechanism of NSS inhibition appears to have virus-specific characteristics. For TBEV, 
a sequence in the methyltransferase domain of NS5 binds the PDZ protein scribble to 
inhibit JAK-STAT signaling.''9” For LGTV, the JAK-STAT inhibitory domain was 
mapped to sites within the RNA-dependent RNA polymerase domain.®°! For JEV, the 
N-terminal 83 residues of NS5 inhibit JAK—STAT signaling through a protein tyrosine 
phosphatase—dependent mechanism.°“ 

. Cholesterol redistribution. Flavivirus infection can promote relocalization of 
cholesterol to intracellular membranous sites of replication. This redistribution 
diminishes the formation of cholesterol-rich lipid rafts in the plasma membrane and 
attenuates the IFN antiviral signaling response.°°° 

. Up-regulating negative regulators. WNV, JEV, and TBEV can block IFNAR- 
dependent signal transduction by up-regulating the expression of suppressors of 
cytokine signaling (SOCS) 1 and 3,°’*°9” which dampen JAK1 activity. Subsequent 
mechanistic studies showed that WNV and also other enveloped viruses that 
incorporate phosphatidylserine lipids into their virions induce SOCS1/3 gene 
expression by binding to inhibitory TAM (Tyro3/Axl/Mer) receptors on dendritic cells, 
thereby blunting the antiviral IFN response.*! 

. IFNAR expression. TBEV and WNV antagonize type I IFN signaling by inhibiting 
surface expression of IFNAR1. Loss of IFNAR1 was associated with binding of the 
viral NS5 protein to prolidase, a cellular dipeptidase. Prolidase was required for 
IFNAR1 maturation and accumulation, activation of IFN-6-stimulated gene induction, 
and type I IFN-dependent control of viral infection.°” 


Impaired IFN effector functions 


Although flaviviruses devote a significant segment of their genome to inhibiting JAK-STAT 
signaling, they also target individual downstream antiviral effector molecules. Viperin is a an 
antiviral ISG that inhibits hepatitis C, influenza, HIV, and Sindbis viruses, possibly because 
of its ability to alter lipid raft formation. JEV, however, counteracts viperin by promoting 
rapid proteasome-dependent degradation.!’* The mechanism of this inhibition remains 
unclear, as transfection of individual JEV proteins failed to explain the phenotype suggesting 
a combined effect of viral proteins or replication is required. Viperin also restricts WNV 
pathogenesis!°°? and inhibits replication of TBEV and ZIKV by targeting NS3 for 
proteasomal degradation.®°’ Viperin also attenuates flavivirus replication by catalyzing the 
production of a chain-terminator ribonucleotide.*°” 

All pathogenic flaviviruses (e.g., WNV, DENV, JEV, ZIKV, TBEV, and YFV) encode 
methyltransferases as part of their NS5 proteins to modify the 5’ cap structure of their viral 
mRNAs, thereby mimicking eukaryotic cap 1 (m7GpppNm) structures. Flavivirus 2'-O- 
methyltransferase activity evades viral RNA detection by IFIT proteins,*°*!*°9 which can 
block viral protein synthesis by binding preferentially to non—2'-O-methylated cap 0 
(m7GpppN-RNA) structures and competing for elF4e binding.*!°7° A recombinant WNV 
encoding an NS5 E218A mutant protein that is defective in 2’-O-methyltransferase activity 
was more sensitive to the antiviral action of IFIT family members.*°*'°° Similarly, ablation 
of the 2'-O-methyltransferase activity from JEV and DENV led to growth attenuation of the 
mutant viruses in the context of cellular innate immune responses.°*°,'*°9 Recent studies have 
suggested that in addition to enhanced recognition by IFIT1, flavivirus RNA lacking 2'-O- 
methylation also may act as a PAMP for induction of multiple innate immune genes.°*?:!2°9 


Evasion of the Complement Pathway by NS1 


To minimize recognition and/or destruction by complement, viruses have evolved strategies 


to evade or exploit complement to establish infection.*°!°’* Flavivirus NS1 is expressed on 
cell surfaces, secreted from infected cells, and accumulates in the serum of infected 
individuals, with high circulating levels correlating with severe DENV disease.*!°*? WNV 
NS1 attenuates complement activation of the alternative pathway by enhancing the cofactor 
activity of factor H for factor I-mediated cleavage of C3b to iC3b, which decreases 


deposition of C3b and the C5b to C9 membrane attack complex on cell surfaces.*°° As an 
additional mechanism by which flaviviruses can evade complement, NS1 also binds to C4 
and C1s, which enhanced the cleavage of C4 to C4b and reduced C4b and C3b deposition on 


cell surfaces.°” NS1 also protects DENV from neutralization in solution by binding to MBL 
and inhibiting complement deposition.''!® Soluble NS1 has also been reported to bind the 
complement regulatory factors C4bp,*° vitronectin, and clusterin, the latter two of which 
inhibit the formation of the C5b to C9 membrane attack complex.*!%°°! 


Class I MHC and NK Cell Evasion 


Because of their capacity to directly kill virally infected cells or produce inflammatory 
cytokines that control early stages of infection, NK cells are an important initial defense 
against many viruses. NK cells lyse infected cells by releasing cytotoxic granules that contain 
perforin and granzymes or by binding to cell death—inducing receptors on target cells. NK 
cell activation is finely regulated through a balance of activating (Ly49D, Ly49H, and 
NKG2D) and inhibitory cell-surface receptors (killer cell immunoglobulin-like receptors 
[KIR], immunoglobulin-like inhibitory receptors [ILT], and CD94-NKG2A). To control the 
consequences of untoward activation of NK cells, inhibitory receptors are expressed 
constitutively, some of which bind to host MHC class I molecules on opposing cells and 
transmit inhibitory signals through intracellular tyrosine-based inhibitory motifs in their 
cytoplasmic domains. A decrease in expression of class I MHC molecules on a cell may 
prompt NK cell activation by attenuating the inhibitory signals. Thus, NK cell target 
recognition occurs after ligation of activating receptors and repression of inhibitory receptors 
on the cell surface. 


Although many DNA viruses attempt to avoid NK responses by a variety of mechanisms 
including expressing MHC class I homologs, flaviviruses may evade NK cell cytotoxicity by 
increasing surface expression of class I MHC molecules.°?%°°7°°® Expression of class I 
MHC molecules is stimulated by increasing the transport activity of TAP’®*7°° and by NF- 
kB—dependent transcriptional activation of MHC class I genes.°*! The rapid increase in 
expression of MHC class I suggests that early in the course of infection, flaviviruses may 
overcome susceptibility to NK cell-mediated lysis, even if it is at the expense of later 
recognition by an adaptive CD8* T-cell response. Consistent with this, splenocytes from 
WNV-immunized mice had poor NK cell lytic activity,”°* and mice with acquired 
deficiencies in NK cells demonstrated no increased morbidity or mortality compared to wild- 
type controls. 1079 


ANIMAL MODELS OF FLAVIVIRUS 
PATHOGENESIS AND DISEASE 


Animal models of viral infections are used to address fundamental questions that are difficult 
to answer in human studies. These investigations are often directed toward defining basic 
mechanisms of viral pathogenesis (tropism, dissemination, and virulence) and host immune 
responses (protective and pathologic), but also are important for determining relative efficacy 
of candidate vaccines and antiviral agents. In general, the most useful surrogate models 
mimic features of human disease, are reproducible, and have the capacity for high-throughput 
experimentation. The weakness of many animal models is they often do not fully recapitulate 
human disease with respect to kinetics, viral replication and spread, or disease phenotype, 
and thus restraint is required in applying these results to the human condition. Animal models 
of flavivirus infection are varied in their fidelity to human disease and, thus, utility in 


providing basic insight into pathogenesis, immune control, and likely efficacy of vaccines or 
antiviral agents. This section will review the strengths and weaknesses of key animal models 
and what investigators in the field have learned by using them. 


Dengue Virus 


One of the major limitations in identifying and working with animal models of DENV 
infection is that humans are the only known host to develop disease after infection. A second 
consideration is that severe dengue and its plasma leakage syndrome are associated with 
preexisting maternal antibody in infants and secondary infection in children and adults, 
suggesting an immunopathogenesis mechanism, which has been difficult to recapitulate in 
animals. While each of the animal models described below has been informative for 
understanding DENV infection, their inability to mimic human disease has limited the insight 
on human DENV infection. 


Nonhuman Primate Model of DENV Infection 


Although humans are the natural host for DENV, serological data support the existence of a 
sylvatic cycle between mosquitoes and nonhuman primates (NHPs).'!”° Several species of 
NHP (e.g., chimpanzees and rhesus macaques) have been infected experimentally with 
DENV and develop viremia and adaptive immune responses,*?)*+°* although in most 
cases, there is limited evidence of the severe disease seen in humans. One study in macaques 
showed thrombocytopenia, transiently reduced complement levels, and enhanced peak 
viremia after secondary infection with heterologous DENV serotype although only 1 of 44 
animals developed a syndrome that shared features of severe human disease.*** Features of 
severe dengue were observed in six rhesus macaques after high-dose (10’ PFU per animal) 
intravenous infection with a DENV-2 strain including neutropenia, thrombocytopenia, 
clotting abnormalities, and petechial hemorrhage.®*“* 

NHPs also have been used as a model to study ADE and its consequences. Enhancement 
of viremia was observed in juvenile rhesus monkeys after passive transfer of antibody and 
heterologous DENV challenge.*!® Analogously, an approximately 100-fold increase of 
DENV-4 viremia was demonstrated in juvenile rhesus monkeys that received a cross-reactive 
mAb recognizing the fusion loop in DII.°”! In neither model, however, was evidence of 
severe vascular leakage observed despite the increase in DENV replication. NHPs also have 
been used to evaluate adaptive immune response and protection of live attenuated or subunit- 
based DENV vaccine candidates.?°7:789>! 


Mouse Models 


The utility and clinical features of individual mouse models of DENV infection have been 
described in great detail.!**+!**! Below, we describe some features of the more commonly 
used models in the field. In general, there are several hurdles to establishing mouse models of 
DENV disease pathogenesis: (a) the majority of models are not ideal because most mice do 


not develop the same clinical disease as humans; (b) it has been difficult to infect mice 
reliably and reproducibly with low passage clinical and mosquito isolates. Hence, many 
studies are performed with laboratory- or mouse-adapted strains that have uncertain 
relevance to the strains that cause human disease; and (c) DENV is virulent in humans 
because it has evolved specific countermeasures to evade the human immune response.*°? In 
mice, these evasion mechanisms do not function, resulting in rapid control. 


IFN signaling—deficient mice 

Because of the importance of STAT2 and the IFN response in restricting DENV infection, 
mice lacking receptors for both type I (IFN-a/B) and type II (IFN-y) (e.g., AG129) were 
tested and shown vulnerable to intraperitoneal (IP) infection with a mouse-adapted (New 
Guinea C) DENV-2 strain*”° or intravenous (IV) infection with a laboratory-adapted (PL046) 
DENV-2 strain.!©? In these studies, however, mice succumbed to DENV infection because 
of rapid spread to the CNS, resulting in encephalitis and paralysis, which are not common 
features of human disease. Similar results were observed in Stat1~“ and Stat2~~ mice,2°»!02° 
although in some cases hemorrhage was observed after inoculation at multiple sites.‘°° Other 
studies identified mouse-adapted (DENV-2 D2S10) and nonadapted strains (DENV-2 Y98P) 
that cause rapid death of AG129 mice associated with some characteristics of human disease, 
including cytokine storm, vascular leakage, and high TNF-a levels!°*41°%8 after IV or IP 
infection. 


AG129 mice have been used as a model to test antiviral candidates!9°,1002:1066 or to 


explore the role of ADE in disease severity. Preexisting cross-reactive monoclonal or 
polyclonal antibodies facilitate ADE in vivo and promote more severe DENV disease 
including vascular leakage.°*!**° Importantly, when the Fc fragment was eliminated by 
proteolysis or modified genetically, enhanced replication and disease were no longer 
observed, thus confirming that ADE via Fcy receptor engagement can cause severe disease in 
an animal.*?°'*°> Cellular and tissue tropisms have been examined in the ADE model in 
AG129 mice°~!**°; the virus targets are similar to that described in human autopsy studies 
with antigen present in the lymph node, spleen, and bone marrow, with infection in myeloid 
cells, and possibly with sinusoidal endothelial cells in the liver. Although the comparative 
data are intriguing, the absence of IFN in mice independently broadens cellular and tissue 
tropism of flaviviruses,°°° and thus, some caution in interpretation is warranted. Some of this 
concern was mitigated through the use of mice with cell-type—specific gene deletions of 
IFNAR1. For example, LysM Cre* Ifnar1'! mice, which lack Ifnarl expression only in 
myeloid cells, sustained high levels of DENV infection and disease, including plasma 
leakage, hypercytokinemia, liver injury, hemoconcentration, and thrombocytopenia.®° 


Immunocompetent mice 


The successful infection of immunocompetent mice with DENV strains would allow more 
detailed analysis of the kinetics and function of protective immune responses. Although most 


DENYV strains replicate poorly in wild-type laboratory strains of mice, recent reports suggest 
that infection may be possible, with the development of a spectrum of disease. Subcutaneous 
and systemic hemorrhage was induced in wild-type C57BL/6 mice after intradermal (ID) 
infection with a laboratory-passaged DENV-2 16681 strain.!°° With this strain, CS7BL/6 and 
BALB/c mice also developed thrombocytopenia, elevated levels of systemic TNF-a, and 
liver damage.'®”%* These experiments did not show evidence of vascular leakage, the 
hallmark of severe DENV disease in humans. However, wild-type mice experimentally 
inoculated with a DENV clinical isolate (DENV-2, Eden strain) experienced a rise in 
hematocrit values that remained increased over naive mice for 4 days postinfection, 
demonstrating some evidence of increased vascular permeability.!0" 


Mouse—human chimeras 


Because most mouse strains do not sustain DENV replication after infection, mouse—human 
chimeras have been developed. Early studies using severe combined immunodeficient 
(SCID) mice engrafted with human peripheral blood lymphocytes showed marginal infection 
with a DENV-1 strain.!*!! Subsequent studies engrafted human tumor cells (K562, HepG2, 
Huh-7),*?9848 which supported DENV replication but caused CNS disease and not a 
vascular leakage syndrome. Nonobese diabetic (NOD)/SCID or NOD/SCID IL2Ry‘~ mice 
have been engrafted with CD34* human cord blood hematopoietic progenitor cells. After 
infection with DENV-2, these chimeric mice developed some of the signs of severe human 
disease including fever, rash, and thrombocytopenia.®~*°”,’%? In an analogous model, Rag2~ 
x y chain” mice engrafted with CD34* human fetal liver stem cells and inoculated with 
DENV-2 developed viremia and fever and produced human specific anti-DENV antibody 
responses.°°* While engraftment of human cells is advantageous as the response of human 
cells, pathogenesis, and possibly tropism can be analyzed, the chimeric models have 
limitations: (a) the disease phenotype recapitulates only some of the features of severe 
DENYV; (b) the mouse-to-mouse level of chimerism is variable, making phenotypic analysis 
challenging; (c) the throughput of experiments is low, making these models less practical for 
vaccine or antiviral testing; and (d) the immune cross talk between human and mouse cells 
within an animal may be altered, limiting interpretation of effects on immunity. 


Zika Virus 


Prior to the emergence of ZIKV in Latin America, few studies had evaluated ZIKV 
pathogenesis in animals.’”*°!!®> However, the explosive growth of ZIKV research since 
2015 has spurred the development of new animal models, revealing pathogenic mechanisms 
and providing systems for evaluating therapeutic interventions. The most significant models 
of ZIKV infection are nonhuman primates and mice (reviewed in Ref.’®°), but ZIKV disease 
also. has been’ studied in guinea’ pigs, hamsters, tree shrews, and 
swine .22:237238,256,969, 748, 1032,1200,1250 Barly ZIKV isolates were maintained by serial passage 
in suckling mouse brains, which likely selected variants with improved replication in this 


tissue. Thus, historical studies (as well as contemporary studies using historical strains) may 
overestimate the neurotropism of ZIKV relative to strains circulating in humans and 
mosquitoes. 


Nonhuman Primate Models 


Rhesus macaques serve as valuable models for ZIKV pathogenesis research, owing to their 
physiological similarity to humans and a significant preexisting research infrastructure 
resulting from their use in models of other infectious diseases. Rhesus macaques recapitulate 
key features of ZIKV infection in humans including transient viremia; fever and rash; viral 
RNA in saliva, urine, and semen; viral replication in tissues such as the eye and testis; 
susceptibility via subcutaneous, intravenous, or intravaginal inoculation; and commonly 
asymptomatic infection. '.78°.414,466.619,849 Fxnerimental ZIKV infection in cynomolgus and 
pigtail macaques is similar to rhesus.4%2°°4!4946.854.849 7TKV also infects baboons, which 
may better represent the sylvatic reservoir of ZIKV as they are African monkeys and have 
been found to be ZIKV seropositive in nature.!°9407 Marmosets, squirrel monkeys, and owl 
monkeys also are susceptible to experimental ZIKV infection, which may be relevant to the 
establishment of a sylvatic reservoir in New World primates.!9°!!44 


Mouse Models 


Mice offer advantages in terms of cost, scale, speed, and genetic tractability, enabling 
mechanistic studies that are not feasible in nonhuman primate models. A disadvantage of 
mouse models is that ZIKV replicates poorly in immunocompetent mice and thus does not 
exhibit the tissue tropism and disease phenotypes characteristic of human infection. Mice 
lacking type I interferon (IFN-af) production or responses succumb to ZIKV infection and 
exhibit broad tissue tropism, implying that the innate antiviral response is a key barrier to 
ZIKV replication and pathogenesis in mice.°°°9*” Mice lacking the IFN-af receptor (alone or 
also lacking the IFN-y receptor) have provided models for studying ZIKV disease 
phenotypes including congenital infection (below), sexual transmission, and ocular infection, 
as well as for evaluating vaccines and antivirals.2°°°)723,792,928,1103,1251 The restriction of 
ZIKV replication in mice results in part from an inability of ZIKV NS5 to degrade murine 
Stat2, and therefore ZIKV cannot inhibit IFN signaling in mice by the same mechanism used 
in human cells.*8°-°°7 Indeed, Stat2/~ mice succumb to ZIKV infection, and transgenic wild- 
type mice expressing human STAT2 can develop disease in the context of ZIKV strains with 
additional mouse-adaptive mutations.°’>!!*” In addition, the ZIKV NS2B-NS3 protease 
targets human but not murine STING, resulting in sustained IFN production and diminished 


viral replication in mouse cells.*°? However, mice lacking STING were not more susceptible 


to ZIKV than wild-type mice,*°?°"° implying that STING is a contributing but not dominant 
factor restricting ZIKV infection in mice. 


Human Tissue Models 


ZIKV replicates in a variety of human cell types in culture, with monocytes being key targets 
in humans and macaques.*°?7-4°/49-854,849 Recent advances in brain organoid culture systems, 
as well as studies of neural progenitor cells in culture and in mice, have revealed a tropism 
for neuronal subsets in the developing brain that likely contributes to the neurodevelopmental 
defects caused by ZIKV infection in utero.29346.440,529,903, 904,101 Cellular mechanisms that 
may contribute to ZIKV neuropathogenesis include neural progenitor death and dysregulated 
proliferation,!'! the ability of Musashi-1 to bind the 3’ UTR of the ZIKV genome and 
promote viral replication in neural progenitors,!®* and the ability of ZIKV sfRNA to 
antagonize fragile X mental retardation protein, which has important functions in 
neurodevelopment.!°°° The mechanisms of ZIKV congenital disease also have been 
advanced by ex vivo culture systems that model infection at the maternal—fetal interface. 
These systems include cultures of syncytiotrophoblasts from term placentas as well as 
explants of midgestation chorionic villi, both of which have revealed that 
syncytiotrophoblasts are resistant to ZIKV infection whereas cytotrophoblasts are 
susceptible, and suggest that constitutive cytokine production contributes to antiviral 
immunity in the placenta.©%2!4484,1096 


Pregnancy and Vertical Transmission Models 


Physiological similarity to humans, including in placental architecture, has made nonhuman 
primate systems the most faithful models of ZIKV vertical transmission and congenital 
disease. ZIKV infection in pregnant macaques recapitulates key features of CZS in humans 
including placental inflammation and calcifications, disrupted brain development, 
ophthalmological pathology, and fetal demise.*>-20%.28°.465.687, 708,761,823 7TKV infection in 
pregnant macaques also produces sustained maternal viremia similar to that observed in 
pregnant women.°°”7%8.823 As in humans, only a subset of ZIKV-exposed macaque 
pregnancies develops CZS and the manifestation of disease is variable, making it challenging 
to design studies with a feasible number of animals. Baboons offer advantages as pregnancy 
models because they breed year-round and their estrous phase is externally evident, 
facilitating timed infection experiments, though research facilities for baboons are more 
limited.*°° Marmosets provide an interesting system for studying congenital ZIKV infection 
because their pregnancies typically are dizygotic twins, allowing assessment of independent 
transplacental transmission events in each infected dam!°°’; such studies support 
observations in humans finding concordant CZS outcomes in monozygotic twins and 


discordant outcomes in dizygotic twins exposed to ZIKV in utero.!°°.9° 


While NHPs have provided valuable systems for understanding the manifestations of 
CZS, limitations in terms of experimental size and cost have meant that mice have emerged 
as a key model for studying the mechanisms that control transplacental transmission and fetal 
pathology. Mouse and human placentas are both hemochorial, although other anatomic 
differences as well as developmental differences between 3-week mouse and 40-week human 
pregnancies require caveats when translating effects in mouse pregnancy systems to 


humans.** Most ZIKV congenital infection models use dams with impaired IFN-of 


signaling, commonly transgenic mice lacking the IFN-af receptor or administration of an 
IFN-af receptor-blocking monoclonal antibody. In these systems, fetuses become infected 
and exhibit growth restriction or demise, with infection at earlier gestational stages associated 
with more severe fetal pathology.*°+7°°!229 IFN-aB signaling plays a key role in restricting 
ZIKV replication and thereby controlling transplacental transmission, but this antiviral 
response itself also elicits placental and fetal pathology, pointing to immune pathology as a 
potential contributing factor to CZS.!278 


Yellow Fever Virus 


Despite the fact that YFV was isolated in 1927 and that a vaccine was developed 10 years 
later, our understanding of the mechanisms underlying the pathogenesis of virulent YFV 
remains limited. Analogous to DENV, part of this stems from the lack of a small animal 
model that recapitulates the viscerotropism of human infection. Given the reemergence of 
YF'V, an improved understanding of its pathogenesis and a vehicle for testing novel vaccines 
and antiviral agents through the use of existing and new animal models of disease is now a 
research priority. 


Human Vaccine Model 


Vaccination with the attenuated 17D strain of YFV has conferred protection on hundreds of 
millions of humans worldwide. Recent prospective analyses have examined the interaction of 
17D YFV with the innate immune system and how this might be important for triggering 
long-term protective adaptive immunity.°°? A systems biology approach defined early gene 
signatures that predicted immune responses in humans vaccinated with yellow fever vaccine 
YFV-17D. Computational analyses identified induction of genes (e.g., complement protein 
C1qB, TNFRS17, and eukaryotic translation initiation factor 2 alpha kinase 4) that correlated 
with and predicted protective B- and T-cell responses with high accuracy in an independent, 
blinded trial.?°° 


Nonhuman Primate Model of Severe YF V Infection 


YFV cycles in nature as part of a sylvatic cycle between Aedes mosquitoes and wild 
monkeys. Rhesus and cynomologus monkeys develop viscerotropic disease, analogous to 
humans, ranging from mild to fulminant hepatitis, whereas African and New World NHPs 
generally have milder or silent infections,’”°® with some exceptions.’°! The pathogenesis of 
YF’V infection in rhesus monkeys resembles severe human disease with the development of 
jaundice, acute renal failure, coagulopathy, and shock,’°? although the course is more severe, 
not biphasic, produces markedly higher viral burden, and is also associated with severe 
necrosis of lymphoid tissue.°*~’°? The coagulopathy in monkeys is associated with a global 
decrease in synthesis of clotting factors secondary to direct hepatic damage and impaired 
hemostasis associated with abnormalities of platelet function.’ 


In contrast to that described for DENV, preexisting immunity to heterologous flaviviruses 
results in protection rather than enhanced pathogenesis of YFV in NHP. Rhesus monkeys that 
were infected previously with DENV were protected against YFV challenge, and recipients 
of anti-DENV antibodies by passive transfer showed no evidence of enhanced disease.’°8-!!! 
Monkeys immunized with other flaviviruses,*°° similar to humans with prior exposure to 
flaviviruses,’’! manifest a lower incidence of severe YFV disease. 


Rodent Models of YF V Infection 


Historical infection studies in mice and hamsters with nonadapted YFV did not cause 
viscerotropic disease. Syrian golden hamsters, however, did develop disease more closely 
resembling human YFV infection (hepatitis, hepatic necrosis, splenic necrosis), but this 
phenotype requires serial passage of YF'V in vivo, and renal disease was not observed.’*°!! 
In comparison, peripheral infection of wild-type mice does not cause viscerotropic disease. 
However, YFV-induced encephalitis can be induced in suckling mice after IP or IC 
inoculation, in adult mice if the blood-brain barrier is disturbed, or if mouse-adapted strains 
are used.°-328,329,768,577 Because these models do not cause viscerotropism, they are of 
limited relevance to understanding the pathophysiology of human YFV infection and have 
been largely restricted to vaccine and antiviral testing. Subcutaneous infection studies of 
mice deficient in IFN signaling revealed viscerotropic YFV infection and disease (liver and 
spleen necrosis) without a requirement for virus adaptation.”°° This study suggests that 
nonadapted YFV has little ability to evade the antiviral activity of IFN-a/f in mice, whereas 
species-specific antagonism of IFN-qa/f antiviral activity in primate hosts may contribute to 
infection outcome. 


West Nile Virus 


WNYV and other encephalitic flaviviruses are generally more promiscuous in their ability to 
infect and cause disease in different species of animals. Beyond its endemic cycle in multiple 
species of birds, WNV causes severe disease in horses and occasionally can infect other 
mammals sometimes with severe consequences.'!° Although the molecular basis for its broad 
animal tropism remains uncharacterized, as a result of this, it has been easier to develop small 
animal models of infection that recapitulate features of human disease using low passage 
field isolates. However, the frequency of neuroinvasive disease may vary significantly among 
animal species, making some models preferred for studying pathogenesis and disease 
outcome. 


Nonhuman Primate Model of WNV Infection 


Nonhuman primate models of WNV infection are important because of their potential for use 
in evaluating vaccine and therapeutic candidates. In one study of five intradermally infected 
rhesus macaques, the clinical course, level and duration of viremia, and antibody response 
were similar to that occurring in uncomplicated human WNV infection, although it was 


unclear whether virus entered the brain in these animals.?!? This model of sustained viremia 
and measurable immune responses has been used to evaluate the efficacy of WNV vaccine 
candidates.'*°' Analogously, in baboons, after intradermal infection, WNV accumulated to 
high levels in blood and was associated with a transient macular rash, but failed to cause 
encephalitis or other severe clinical signs.'*°° Although these NHP models do not develop 
WNV encephalitis, it remains possible that the frequency of neuroinvasive disease parallels 
human infection (1:150) and thus would require much larger studies to identify severe cases. 
In contrast to infection via a peripheral route, intracerebral inoculation of rhesus monkeys 
with different African and Asian WNYV strains results in persistent viral infection in the CNS 
and other organs.°°° These animals sustained a prolonged infection course and showed 
evidence of fatal encephalitis with diffuse neuronal degeneration and necrosis and 
inflammation. Similar severe clinical manifestations (fever, tremors, and spasticity) were 
observed in rhesus macaques challenged via a frontal lobe injection with the New York 1999 
strain of WNV.°? 


Hamster Model 


Syrian golden hamsters are an excellent small animal model for studying WNV pathogenesis, 
vaccine efficacy, and antiviral screening. Intraperitoneal or even oral infection of WNV 
results in viremia of 5 to 6 days in duration, followed by the development of virus-specific 


antibodies.?°°-!7'4 Clinical signs of encephalitis (weakness, tremor, ataxia, and paralysis) 
were apparent within 6 to 7 days of infection with an approximately 50% mortality rate. 
WNYV disease correlated with the detection of viral antigen and neuronal degeneration in 
several regions of the brain including the cerebral cortex, basal ganglia, hippocampus, 
cerebellum, and brain stem. Because of their larger size relative to mice, hamsters have been 
used to elucidate particular aspects of neuropathogenesis. WNV spread to the CNS can occur 
through a retrograde axonal transport mechanism, as the virus moves from peripheral motor 


neurons into the spinal cord.°°+!!”9 Electrophysiology studies have shown that respiratory 
distress associated with WNV infection is caused by diaphragmatic suppression through 


lesions in the brain stem and cervical spinal cord or altered vagal afferent function.’°° 


In the hamster model, infectious WNV can be cultured from the brains of hamsters up to 


53 days after initial infection,!*'4 suggesting that persistent replication occurs. Persistent 
WNV infection in the spinal cord causes continued neuronal dysfunction, chronic 
neuropathological lesions, and poliomyelitis-like disease and can be measured using 


electrophysiological approaches.!°°? Hamsters also develop persistent viruria, as infectious 
WNYV can be cultured from urine for several weeks.!!* 


The hamster model has been used to evaluate candidate therapeutics or vaccines against 
WNV disease. Studies with small molecule inhibitors,’”®’ antiviral cytokines,’”°* synthetic 
oligonucleotides,!'*? and humanized monoclonal antibodies’®’ have been performed with 
varying efficacy, especially when administered as postexposure therapy.*°! Analogously, 
immunization with single-cycle,!*°* recombinant subunit,!°° or live attenuated!!°9 vaccines 


has elicited durable protective immunity and, thus, has provided a robust preclinical small 
animal model for assessment and comparison of the surrogate markers of protection. 


Mouse Models 


Infection studies in several inbred laboratory strains of mice have provided insight into the 
fundamental mechanisms of WNV dissemination, pathogenesis, and immune system control. 
Most studies have been performed with North American WNV strains and wild-type and 
immunodeficient C57BL/6 mice. The strengths of this particular model include (a) depending 
on the dose of virus and age of mice, a subset of wild-type mice develop neuroinvasive 
disease, whereas the remainder are infected with minimal or limited spread to the CNS. Thus, 
the mechanisms by which the immune system restricts viral entry or facilitates viral clearance 
can be studied; (b) many features of pathogenesis and neuropathology appear remarkably 
similar to that observed in humans; (c) non-adapted low passage WNV isolates cause disease 
in wild-type mice. Thus, this model can be used to define the genetics of virus attenuation; 
(d) there are many transgenic, knockout, and conditional knockout mice available from 
academic laboratories and public consortia to study the role of specific genes or cells in 
pathogenesis; and (e) genes (e.g., CCR5 and OAS1b) that predict susceptibility in mice have 
been corroborated as risk factors for human WNV disease.2°? Nonetheless, there are 
limitations to the model including the compressed disease time course, the difficulty in 
obtaining CSF samples in live animals because of size, and a rather flat virus dose-response 
curve after peripheral infection. 


Following peripheral inoculation of mice, initial WNV replication is thought to occur in 
skin Langerhans dendritic cells,'4”7 with mosquito saliva modulating the local 
proinflammatory cytokine response.?** Dendritic cells migrate to and seed draining lymph 
nodes, resulting in a primary viremia and subsequent infection of peripheral tissues such as 
the spleen and, occasionally, the kidney. By the end of the first week, WNV is largely cleared 
from the serum and peripheral organs, and infection in the CNS is observed in a subset of 
immunocompetent animals. Mice that succumb to infection develop CNS pathology similar 
to that observed in human WNV cases, including infection and injury of brain stem, 
hippocampal, and spinal cord neurons.!°*® WNV infection is detected in at much lower levels 
in nonneuronal CNS cell populations, such as CD11b* cells**8-!!*4 or astrocytes.*”° In most 
surviving wild-type mice, infectious WNV is cleared from all tissue compartments within 2 
to 3 weeks after infection. However, persistent WNV infection in the brains of class II 
MHC,!%? CD8* T-cell,'°*° or perforin-deficient mice!°*? was routinely observed. 
Analogously, a small subset of wild-type mice sustained WNV persistence in the CNS even 
in the setting of a robust antibody response and inflammation.°° More recent studies in mice 
of the Collaborative Cross with greater genetic heterogeneity have described a larger range of 
clinical phenotypes and their associations with particular genes and immune 
signatures.2°°-387 


FLAVIVIRUS VACCINES 


Successful vaccination programs have reduced the clinical impact of flavivirus infections 
dramatically. More than 500 million doses of vaccine to prevent YFV infection have been 
administered since its development in 1937.°4° This landmark achievement effectively 
blunted the impact of this virus on global health. However, decades later, limited vaccine 
availability to combat the emergence of YFV in Africa and South America highlights a need 
for continued innovation in vaccine design and manufacturing.®'© Furthermore, safe and 
effective vaccines are not yet available for many flaviviruses with a sustained or emergent 
potential to significantly impact public health. This section will provide a noncomprehensive 
overview of flavivirus vaccine platforms and vaccine development efforts, focused 
principally on efforts that have yielded licensed vaccines or those in advanced clinical trials. 


Flavivirus Vaccine Platforms 


Numerous vaccine strategies have been evaluated in preclinical and clinical studies to protect 
against flaviviruses (Fig. 9.13). While most vaccines seek to present the E protein to the 
immune system, several approaches employing the nonstructural protein NS1 as an antigen 
also have been utilized.!7°°78 
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FIGURE 9.13 Flavivirus vaccine platforms. Multiple vaccine platforms have 
been evaluated in preclinical and clinical studies as vaccine candidates to protect 
against flaviviruses. These include subunit and subviral particle vaccines (A), 
nucleic acid vaccines (B), viral vectors (C), and live attenuated viruses (D). 


Live Attenuated Vaccines 


Live attenuated flavivirus vaccines have been created by extensive passage, including the 


earliest efforts to produce a vaccine against DENV by Sabin and colleagues.9°’ Multiple 
licensed vaccine products have been created using this approach including countermeasures 
for YFV and JEV, as detailed below. The development of molecular clone technology for 
flaviviruses enabled the design and evaluation of multiple strategies to rationally attenuate 
infectious viruses, including deletions in the 3'-untranslated region,’°”!°'> inhibiting the 
activity of the 2'-O-methyltransferase involved in modulating the host response to viral RNA 
in the cytoplasm,'*°! and removing N-linked sugars on the NS1 protein.?°° Furthermore, 
noninfectious self-replicating RNAs derived from the genome designed to express SVPs 
have also shown promise in preclinical studies. !7”2191201,1202 


Inactivated Vaccines 


Virus inactivation is a proven approach to create safe and protective vaccines. Vaccines 
produced from JEV-infected mouse brains have been effective at controlling JEV in many 


parts of Asia, including Japan, South Korea, Taiwan, and Thailand.°2’ Inactivated TBEVs are 
also successful vaccines.’*! This conceptually straightforward pathway to vaccine design and 


production prompted several groups to create inactivated vaccine candidates for ZIKV.»7°° 
Inactivation of live attenuated vaccine candidates has also been evaluated as new vaccine 


products, conferring an additional layer of safety.°*7 


Subunit Vaccines 


Subunit vaccines have been evaluated in preclinical and clinical studies. Soluble forms of the 
E protein have been proposed for several viruses.°°” Soluble DIII and E proteins can be 
relatively straightforward to express at high levels, manufacture, combine with increasingly 
powerful adjuvant technologies, and optimally dose. However, the discovery that many 
potently neutralizing and protective antibodies recognize complex epitopes that include 
features of multiple E proteins on the virion may limit the utility of this approach.?°° To 
address this limitation, several groups have designed stabilized E protein dimers as 
immunogens.’4*°49 Numerous approaches to immunize with recombinant SVPs have been 
reported and show promise in animal models.°°®7°8-9°! 


Nucleic Acid Vaccines 


Nucleic acid vaccines have several desirable features as vaccine platforms including a 
completely synthetic manufacturing process, rapid ability to design antigens, capacity to 
simultaneously deliver multiple antigens, and, in the case of DNA vaccines, a well- 
established safety profile in humans. DNA vaccine constructs have been developed and 


evaluated in the clinic for several flaviviruses, including WNV, DENV, and 
ZIKV.76,352,606,704,1106 


Nucleoside-modified mRNAs (mRNAs) are synthetic RNA molecules delivered as lipid 


nanoparticles or complexed with lipids of varied composition.'!9* This technology is capable 
of producing protein at high level in vivo and is being evaluated as a vaccine platform for 
several unrelated virus families, cancer, and as a therapeutic to address other human diseases. 
mRNA design includes multiple features thought to avoid recognition by host sensors 
including a 5’ cap, modified nucleosides, and optimized UTR.'%* mRNAs expressing ZIKV 
antigens were evaluated as part of the rapid response to the 2015 epidemic and subsequently 
as a potential countermeasure to the increased prevalence of POWV in North America.*°° 


Yellow fever virus 


The live attenuated YF-17D vaccine is considered among the most safe and effective 
vaccines ever developed, an achievement for which Max Theiler was awarded the Nobel 


Prize in 1951 (the only one awarded for the development of a viral vaccine).’”° The current 
YFV vaccine was derived from a virus isolated in 1927 from a West African man suffering 
from a mild febrile illness (the Asibi strain).!°’* The Asibi strain was passaged 176 times in 
the embryonic tissue of mice and chickens to yield the YF-17D virus with considerably 
reduced neuro- and viscerotropic properties.’©°'''* Vaccines currently in use are substrains 
of YF-17D; strain YF-17DD is used in vaccines produced for South America (passage 287— 
289), whereas the YF-17D-204 strain (passages 235-240) is distributed elsewhere, including 
the United States.°*!°°% The consensus sequence of the vaccine strains differs from the 
parent Asibi strain by approximately 20 amino acids as well as four nucleotide changes in the 
3’ UTR.’©© Vaccine is produced in chicken embryos, lyophilized, and administered by 
subcutaneous injection following reconstitution in saline. A single dose of YFV vaccine 
contains roughly 10% to 10° PFU, but administration of a 1/5 fractional dose confers similar 
protection and allows vaccine supplies to be extended during an outbreak.°® 


The Immune Response to YF -17D Infection 


The host response to YF-17D infection involves both the innate and adaptive arms of the 
immune system.’’? Multiple studies highlight the significance of the innate immune response 
to YF-17D in shaping the adaptive immune response to vaccination.°°)®9%9°7 YF-17D 
activates mDC and pDC through multiple TLR proteins, including TLR2, TLR7, TLR8, and 
TLR9, resulting in the induction of proinflammatory cytokines and IFN-a.9°°%°” Of interest, 
a capacity to interact with multiple TLR pathways does not appear redundant; these 
interactions tune the adaptive response by influencing the balance of Thi and Th2 cytokines 


and the quality of the anti-YFV T-cell response.°°’ Indeed, YF-17D infection induces a 
mixture of Th1 and Th2 cytokines in vivo,°°'°°® and YF-17D-infected DCs present viral 
antigen to T cells despite inefficient replication in these cells.°+°°4 

YF-17D vaccination induces a low transient viremia that peaks 5 days 
postvaccination.’°° Defervescence is coincident with a reduction in viremia and the detection 
of cellular and humoral responses. YF-17D infection induces a polyfunctional CD8" T-cell 


response of considerable magnitude (2%-13% of CD8" T cells) that peaks roughly 2 weeks 
postimmunization.? Analysis of the breadth of this response demonstrates that all 10 viral 
proteins contain epitopes recognized by CD8" T cells; reactivity with epitopes in E, NS3, and 
NS5 proteins was most common.!*°! The virus-specific CD8* T-cell response contracts at 
approximately day 30 postinfection to a size that corresponds to approximately 5% to 10% of 
the magnitude of the original response, with memory CD8* T cells persisting for years.!*-/49 


Vaccination with YF-17D also elicits a neutralizing antibody response in virtually all 
recipients.’°-8”2 Kinetic analysis of vaccinated adults revealed that approximately 87% had 
neutralizing antibodies at 2 weeks postvaccination, with virtually 100% of subjects 
developing neutralizing antibody by day 28.°%° YFV-reactive IgM can be detected by day 9, 
peaks between days 14 and 17, and persists for more than 1 year. YFV-specific IgG is 
detected between days 10 and 17 and peaks approximately 1 month postvaccination.’”° 
Neutralizing antibodies that correlate with protection persist for decades.’°7!177°.774 More 
than 90% of vaccinated subjects had neutralizing antibody when examined 16 to 19 years 
postimmunization.**° Indeed, neutralizing antibody was detected in 80% of vaccinated US 
military personnel when assayed 30 to 35 years after receiving YF-17D.°” 


Adverse Events Arising from YF-17D Vaccination 


More than 500 million doses of YF-17D have been administered to humans with a high track 
record of safety.*4° The most common side effects from YF-17D vaccination are transient 
headache, myalgia, and low-grade fever.!°°? Severe adverse events (SAE) following 
vaccination have been reported, albeit at a very low frequency. The risk of SAE following 
vaccination increases with age; the incidence of SAE in vaccine recipients greater than 70 
years of age is roughly 10-fold higher than that for individuals aged 19 to 29.°*° Three main 
classes of SAE have been reported: (a) anaphylactic reactions are infrequent (1 in 135,000) 
and likely are a result of allergic responses to components of the vaccine including egg and 
chicken proteins, gelatin, and latex.°!9!°° (b) Yellow fever vaccine—associated neurological 
disease (YEL-AND) is associated with invasion of the CNS by the vaccine strain. This SAE 
was most commonly reported prior to the establishment of the vaccine seed system (in 1945) 
and in infants prior to changes in the recommendations for vaccination of children less than 6 
months old (in 1960).”°° The mechanism underlying the increased risk of YEL-AND in 
infants remains uncertain, but may reflect differences in the level or duration of viremia, the 
integrity of the BBB, or a failure to mount an effective immune response.’”? Twenty-nine 
cases of YEL-AND have been reported since 1990 with a case fatality ratio of 6.9%’”° with 
an incidence of 0.4 to 0.8 per 100,000 doses.°°?:19°? (c) Yellow fever vaccine—associated 
viscerotropic disease (YEL-AVD) is a SAE that mimics aspects of naturally acquired YFV 
infection. It is characterized by high fever (within 2-5 days of vaccination), malaise, and 
myalgia that is followed by jaundice, oliguria, cardiovascular instability, and hemorrhage. 
Analysis of the sequence of viruses recovered from vaccine recipients with YEL-AVD failed 


to identity mutations associated with this SAE.° Risk factors for YEL-AVD include 
advanced age and a history of thymus disease or thymectomy. As of 2010, 57 cases of YEL- 
AVD have been reported with a case fatality rate of 64%. In the United States, the incidence 


is estimated as 0.3 to 0.5 per 100,000 doses.!° 


Dengue Virus 


Three live attenuated tetravalent DENV vaccines have been evaluated in advanced clinical 
trials. Two methods of attenuation were employed to create the four replicating viruses used 
in combination with each vaccine candidate. The 3’ UTR of flaviviruses folds into RNA 
structures that regulate genomic RNA replication, translation, and cytopathic 
properties.*°°.879 The introduction of a 30-nucleotide deletion into the 3’ UTR yielded a 
markedly attenuated virus in vivo, which still elicited a robust humoral response in monkeys 
and humans.*°?:”°” Vaccination of humans with a DENV-4A30 virus resulted in low-level 
viremia (~1.6 logs) in 70% of recipients,7°° which is not sufficient for blood meal 
transmission of the vaccine to mosquito vectors. Similar results have been reported with a 
DENV-1A30 virus constructed from the Western Pacific 1974 strain.*9! While introduction of 
this deletion was not sufficient for attenuating all DENV strains,!°'°! further iterations of 
this concept, including additional deleted regions, were successful.!°* ZIKV was attenuated 
using similar strategies, as detailed below. The attenuating mechanism of deletions in the 3’ 
UTR was mapped to changes in the abundance of the sfRNA involved in modulating the host 
innate immune response. !4?-104° 


The creation of chimeric flaviviruses encoding the structural genes of heterologous 
viruses is a second attenuation approach that has yielded promising vaccine candidates. The 
first chimeric viruses were constructed by introducing the C, prM, and E genes of DENV-1 or 
DENV-2 into the genetic background of DENV-4.!*! These viruses were immunogenic and 
attenuated as immunization of monkeys elicited neutralizing antibodies and reduced viremia 
following challenge with a homologous wild-type strain.'** These early studies established 
that the structural proteins conferred the serological specificity of chimeric DENV. Chimeric 
vaccine candidates encoding the heterologous C-prM-E and prM-E cassettes have been 
characterized; viruses constructed using the latter replicated more efficiently than those 
encoding all three structural genes, perhaps due to a requirement for interaction between 
RNA elements in the capsid gene and the 3’ UTR.!** Three tetravalent chimeric flavivirus 
vaccine candidates in advanced stages of clinical development are detailed below. 


NIAID Tetravalent Vaccine Candidate 


A tetravalent DENV vaccine consisting of live viruses bearing a combination of both full- 
length and chimeric genomes is being developed by the National Institute of Allergy and 
Infectious Diseases and National Institutes of Health.''9° At the core of this vaccine platform 
are viruses attenuated by a A30 deletion in the UTR. Chimeric viruses were constructed using 
the DENV-4A30 background and prM-E cassettes from the other DENV serotypes. While a 


large number of different configurations were evaluated in preclinical studies, nine were 
tested as monovalent vaccine candidates in phase I clinical studies. Testing individual 
components in healthy subjects confirmed the infectivity of each candidate and simplified the 
optimization of a tetravalent formulation in humans.*’? The original combination of this 
vaccine is called TVO03 and dosing includes 10° PFU each of a DENV-1A30 virus, a 
chimeric DENV-2/DENV-4A30 virus encoding DENV-2 prM-E, a DENV-3A30/31 virus 
containing both a A30 and A31 deletions, and a DENV-4A30 virus.°°* An additional 
combination, TV005, also was prepared and included an increased dose (104 PFU) of the 
chimeric DENV-2/4A30 virus component. Administration of TV003 or TV005 is safe and 
immunogenic; at 90 days postvaccination, 90% of the TV005 recipients had circulating 
antibody capable of neutralizing all four DENV serotypes. Of interest, administration of a 
second dose of vaccine 6 months later does not result in the mild rash associated with 
primary TV005 vaccination nor an anamnestic neutralizing antibody response (defined by an 
increase in titer by more than fourfold). These data suggest TVOO5 is capable of eliciting 
sterilizing immunity and the possibility that a single vaccine dose may be sufficient.°*4 A 
controlled human challenge study has demonstrated the protective capacity of TV003 against 
DENV-2,°°° and additional studies are underway with TV005 and DENV-3. Phase III clinical 
Studies are ongoing. 


Takeda Tetravalent Vaccine Candidate 


A second chimeric tetravalent DENV vaccine candidate has been developed using an 


attenuated DENV-2 strain as the backbone.*”“*”° This vaccine, called TDV, includes three 
chimeric viruses encoding the prM-E of DENV-1, DENV-3, and DENV-4 as well as the 
highly passaged DENV-2 strain PDK-50. Three mutations in this DENV-2 backbone 
contribute to the attenuation of each component of the vaccine. Preclinical studies revealed 
TDV elicited a balanced neutralizing antibody response that was protective in mouse and 


NHP challenge models.°*° Clinical studies of TDV administered via a subcutaneous or 
intradermal route in two doses 90 days apart revealed 90% to 93% of volunteers were 


capable of neutralizing at least three DENV serotypes.*°*°*” A phase II study of a high-dose 
formulation confirmed the immunogenicity of this vaccine in a DENV-endemic setting, with 
the highest responses observed after the second vaccine dose.%°® Phase III clinical studies are 
underway. 


Sanofi Pasteur Tetravalent Vaccine Candidate 


Because of the well-established safety profile of the YF-17D vaccine, a tetravalent chimeric 
DENV vaccine, Dengvaxia®, was constructed by replacing prM-E of YF-17D with those of 


four low passage primary DENV strains.*0°*°9 Three doses of vaccine are administered in 
humans at 6-month intervals. The immunogenicity and efficacy of CYD-TVD have been 


evaluated in multiple advanced clinical studies (reviewed in Ref.*!°). Multiple phase III 
clinical trials demonstrated Dengvaxia® confers protection in DENV-experienced subjects 9 


to 45 years of age. Dengvaxia® was the first anti-DENV vaccine licensed. However, the use 


of Dengvaxia® in DENV-seronegative individuals is not recommended, as discussed below. 


Complications Associated with DENV Vaccine Deployment 


The severe clinical outcomes that occurred following some secondary DENV infections 
highlighted a risk that vaccine-elicited antibodies might contribute to pathogenesis under 
some circumstances. While the goal of tetravalent vaccine development efforts was to create 
a balanced tetravalent response protective against all four DENV serotypes, uniform 
immunogenicity has been difficult to achieve. In the phase IIb study of Dengvaxia® in 
approximately 4,000 healthy Thai schoolchildren, three doses of vaccine failed to protect 
against DENV-2 challenge, whereas efficacy against other DENV serotypes ranged from 
56% to 100%.9°° Changes to the formulation of tetravalent vaccine to adjust the dose of 
individual components to achieve a more balanced response were only straightforward in 
instances where each monovalent component was tested independently in clinical trials, as 
reflected by the evolution of the NIH vaccine candidate from the TV003 to TV005 
formulation.°°4 


The clinical development of Dengvaxia® identified possible disease enhancement in 
vaccine-elicited immunity, reinforcing a need for greater insight into the complexities of 
immunity to DENV. Two large phase III studies of this vaccine conducted in Asia!®! or Latin 
America!!°® revealed an overall efficacy of 56% to 60.8% against virologically confirmed 
symptomatic dengue. These studies noted that the vaccine was most effective in individuals 
with prior exposure to DENV and less so in younger age groups. Long-term follow-up 
revealed that the protection conferred by Dengvaxia® was restricted to individuals greater 
than 9 years of age.*!© Dengvaxia® was subsequently licensed for use in 20 countries for 
individuals 9 years of age and older. This recommendation was based in part on the finding 
that vaccinated children aged 2 to 5 in the Asia study detailed above were at greater risk of 
hospitalization as compared to controls.*? Serological studies later demonstrated that DENV- 
immune status was an important predictor of vaccine efficacy.!°°? Individuals who were 
DENV seropositive at the time of vaccine administration experienced benefit from 
Dengvaxia® for at least 5 years, whereas DENV-naive individuals were at increased risk over 
this interval, independent of age.4*? Recommendations for vaccine use were changed to 
exclude DENV-seronegative subjects. It has been suggested that Dengvaxia® sensitizes an 
immune response to secondary infections in a manner analogous to the primary exposure to 
authentic DENV.?!° Further follow-up is required to evaluate the public health impact of the 
use of this vaccine candidate on children since its licensure. 


While antibody cross-reactivity among flaviviruses is common, more severe disease 
following a secondary infection in humans has been limited to DENV infections. The 
unusual pathogenesis of ZIKV in DENV-endemic settings led to the hypothesis that 
antibodies elicited by DENV might play a role in exacerbating ZIKV disease. The infection 


of ZIKV can be enhanced in vitro by cross-reactive antibodies in some circumstances.7>* 


However, ADE can be demonstrated in cell culture with virtually all flaviviruses and has not 
proven to correlate with clinical disease outcomes. Several studies have shown the passive 
transfer of antibodies into mouse models of ZIKV infection can exacerbate disease.?” 1349! 
The relevance of these models to human disease remains to be established; passive transfer of 
mAbs into mice also exacerbates disease caused by YFV, MVEV, and JEV.?”*!! Studies of 
DENV in similar murine models demonstrate that the presence of T cells limits ADE in 
similar circumstances.!*°?? Enhanced ZIKV disease in DENV convalescent mice was not 
observed, although more severe DENV following ZIKV challenge was_possible.*°* 
Ultimately, a role for prior DENV in ZIKV_ pathogenesis will be addressed by 
epidemiological studies in the field. So far, two large studies suggest prior DENV was 
protective against ZIKV in the 2015 outbreak.?”4970 


Japanese Encephalitis Virus 


JEV is a principal cause of pediatric encephalitis in Asia and has been a focus of vaccine 
development efforts since before World War II.**4 Inactivated suspensions of JEV-infected 
mouse brains were administered to military personnel in response to an outbreak of Japanese 
B virus (now recognized as JEV) on Okinawa in 1945.9°4 While circumstances did not 
permit a complete evaluation of efficacy, this vaccine elicited neutralizing antibodies in a 
subset of vaccinated subjects at titers that protected mice from lethal infection.?°° Since that 
time, considerable progress has been made toward developing a safe and effective JEV 
vaccine. Multiple vaccination approaches have reduced the incidence of JEV in countries 
with the means to utilize them. 


Mouse Brain—Derived JEV Vaccines 


Vaccines produced from JEV-infected mouse brains have been effective at controlling JEV in 
many parts of Asia, including Japan, South Korea, Taiwan, and Thailand.**” The Research 
Foundation for Microbial Diseases of Osaka University (BIKEN) produced the majority of 
mouse brain-derived JEV vaccine licensed for international use between 1954 and 2005. 
This vaccine platform uses genotype III Nakayama or Beijing-1 strains for different 
markets.’? Brain tissue from intracranially infected mice is homogenized, and virus is 
purified by ultracentrifugation and filtration steps and inactivated by formalin.4°? These 
vaccines were used primarily in Japan, Korea, Thailand, Malaysia, Sri Lanka, and Vietnam to 
protect against endemic JEV.’? The BIKEN vaccine was licensed for travelers in the United 
States and elsewhere and marketed as JE-VAX™.°’ Efficacy studies of mouse brain—derived 
JEV vaccines suggest they are modestly immunogenic and require multiple boosts. A 
placebo-controlled, double-blinded evaluation of monovalent (Nakayama strain) or bivalent 
(Nakayama and Beijing strains) formulations of JE-VAX conducted in Thailand revealed an 
efficacy of 91% in children receiving two doses of vaccine 7 days apart.*°? However, 
interpretation of these studies is complicated by the prevalence of individuals with prior 


flavivirus experience in JEV-endemic regions. Studies of the immunogenicity of two doses of 
JE-VAX in flavivirus-naive subjects revealed only 33% seroconversion at 26 weeks post 
vaccination; however, near-complete seroconversion was achieved using a third dose.®9)9°° 
Attempts to measure the durability of antibody responses elicited by mouse brain-derived 
vaccine in endemic regions have been complicated by the potential boosting by naturally 
acquired flavivirus infection. Studies of military vaccine recipients suggest that neutralizing 
antibodies may persist for at least 3 years.**° Vaccine is typically administered in two doses 
separated by 1 to 4 weeks, followed by a booster 1 to 2 years later. Travelers require a rapid 
three-dose vaccination regimen (days 0, 7, and 30).°*” Although mouse brain-derived JEV 
vaccines have efficacy in humans, roughly 20% of JE-VAX recipients experience local 
adverse events including swelling, redness, and pain at the injection site and mild systemic 
symptoms. Severe allergic and neurological complications of vaccination have been observed 


(10-260 and 0.1-2 per 100,000 vaccinees, respectively).’°°*” Vaccine-related fatalities 
resulted in cessation of production of JE-VAX in 2005 in favor of newer vaccines with more 
favorable safety profiles. 


Live Attenuated JEV Vaccines 


SA14-14-2 is a live attenuated JEV vaccine that has been administered to more than 300 


million individuals.4*4 The parental SA14 strain was isolated from the larvae of Culex 
pipiens mosquitoes collected in China in 1954 and causes lethality when inoculated into 
weanling mice via the intracranial route. The attenuated strain was developed after extensive 


passaging of the SA14 strain in cell culture and in hamsters and suckling mice.®**!7!8 A 
single dose of SA14-14-2 induces a neutralizing antibody response in 85% to 100% of 


nonimmune recipients. !49:!!29,!218 Case-controlled studies demonstrated that a single dose of 
SA14-14-2 vaccine provided considerable protection (80%-99%),°%4°”°7857 which was 
durable even after 5 years.'!°° SA-14-14-2 was licensed for use in China in 1988 and 
subsequently distributed in Nepal, South Korea, Sri Lanka, Thailand, and India. 

ChimeriVax-JE (also known as JE-CV or IMOJEV) is a promising live attenuated 
vaccine constructed using the YF-17D backbone described above (reviewed in Ref.’*). 
ChimeriVax-JE was constructed by replacing the prM-E genes of YF-17D with SA-14-14-2 
prM-E. Vaccination with ChimeriVax-JE elicits a protective response in mice and 
primates.’***,77° Clinical studies in humans reveal the vaccine is well tolerated and elicits a 
durable neutralizing antibody response (reviewed in Ref.?°°). This vaccine is licensed in 14 
countries including Australia and Thailand. 


Inactivated JEV Vaccines Produced in Cell Culture 


The IC51 (or IXIARO) vaccine is a formalin-inactivated vaccine produced in Vero cells 
under serum-free conditions and adjuvanted with aluminum hydroxide.**” IC51 uses the 


SA14-14-2 JEV strain°*’ and is administered in two doses 28 days apart, each containing 
approximately 6 mg of purified virus. Licensure was granted based on a noninferiority 


immunogenicity study comparing the response of recipients receiving IC51 to those 
vaccinated with a three-dose regimen of JEVAX. While a single dose of IC51 was poorly 
immunogenic (41% seroconversion), 4 weeks after the second dose, 96% of recipients had 
detectable neutralizing antibodies, and these persisted in most subjects 6 months after 
vaccination.°*’ No significant local or systemic adverse events were associated with 
vaccination; rare events await a more detailed analysis of larger populations of vaccine 
recipients. IC51 was licensed for use in the United States as a traveler’s vaccine in 2009 for 
individuals over 17 years of age. An inactivated JEV vaccine derived from the genotype III 
P3 strain and produced in hamster cell cultures also has been used extensively in China, with 
as many as 70 million doses of this vaccine administered each year.**4 


Tick-Borne Encephalitis Virus 


Two inactivated TBEV vaccines are used to prevent infection in Europe, but are not licensed 
in the United States.°*! Kunz and colleagues developed the first licensed vaccine in 1973 
using the Austrian Neudorfl strain of TBEV grown in chick embryo fibroblasts, after 
inactivation with formalin and adjuvanting with aluminum hydroxide.°’*°”? Today, this 
vaccine is distributed as FFME-IMMUN by Baxter Biosciences. A second vaccine, produced 
by Novartis and marketed as Encepur,!°>°4° was licensed in 1991. It is produced using 
similar methods except the German K23 strain of TBEV is substituted. Both inactivated 
TBEV vaccines are administered in three doses and require boosting. The conventional 
schedule requires three vaccinations at 0, 1 to 3 months, and 9 to 12 months, a booster at 3 
years, followed by additional booster vaccinations every 5 years. These vaccines are 
immunogenic; virtually, 100% of vaccinated subjects develop neutralizing antibody titers 
following their third dose,°’® and antibodies persist for at least 5 years.°°©1!2°° The 
effectiveness of current TBEV vaccines in the field has been estimated at approximately 
99%,!°79 Despite the availability of effective vaccine, TBEV incidence in parts of Europe has 
increased, coincident with poor vaccine coverage.°°? 


Zika Virus 


The emergence of ZIKV in the Americas and its linkage to congenital disease in 2015 
prompted vaccine development efforts using multiple vaccine platform technologies detailed 
below. 


Inactivated Vaccines 


The first ZIKV vaccine development efforts were initiated even before the epidemic in the 
Americas. A formalin-inactivated adjuvanted vaccinate candidate using an African strain of 
ZIKV was shown to be protective in mice and advanced to clinical trials in India; the results 
of these studies are not yet available.!°°! The Walter Reed Army Institute of Research 
(WRAIR) developed a ZIKV-purified inactivated vaccine (ZPIV) using a Puerto Rican ZIKV 


isolate that was highly successful in animal models! and subsequently evaluated in multiple 


clinical studies.’ The ZPIV vaccine was licensed by Sanofi Pasteur but not developed 


further. The development of similar vaccine products by the Takeda Pharmaceuticals*® and 
Emergent BioSolutions is ongoing. 


Nucleic Acid Vaccines 


Numerous DNA vaccine candidates encoding ZIKV prM-E have been developed and 
evaluated in preclinical studies.2°°°49-8!1!27 The sequence of these vaccine candidates 
differed with respect to the plasmid background, codon optimization method, strain selection, 
signal sequence of prM, and presence of an N-linked glycosylation site. A DNA vaccine 
candidate that lacks the “pr” peptide of prM (called M-E) also showed promise in animal 
models despite being incapable of SVP production.'°?° Three prM-E encoding DNA vaccine 
candidates were evaluated in phase I clinical studies.*°*!!°° These studies revealed a varying 
capacity to elicit neutralizing antibodies. For example, the administration of three doses of 
vaccine VRC5283 by needle-free injection elicited antibodies with a geometric mean titer of 
1/304 12 weeks after administration of the first dose. In contrast, while most recipients of the 
vaccine candidate GLS-5700 generated ZIKV E protein-binding antibodies in response to 
vaccination, only a fraction of the vaccine-immune sera from these individuals showed 
neutralizing activity. Of interest, passive transfer of these antibodies into a lethal mouse 
model was protective, highlighting a need for a more detailed understanding of the protective 
mechanisms of vaccine-elicited antibodies. VRC5283 is currently being evaluated in a 
placebo-controlled phase II clinical trial at multiple sites in the Americas. ZIKV mRNA 
vaccines encoding prM-E were shown to be highly immunogenic and protective in mice and 
NHP models.°°°929-990 mRNA vaccine candidates are being evaluated in clinical studies, but 
data describing these vaccine development efforts have not yet been published. The short 
timeline (>4 months) between the identification of an appropriate vaccine candidate sequence 
and the initiation of clinical trials highlights the potential for synthetic vaccines as a rapid 
first response to emerging threats. 


Live Attenuated Vaccines 


Multiple live attenuated vaccines for ZIKV are being developed and have been evaluated in 


mice and NHP models.!0!4-!0!6!217 These platforms protect against viremia in animal 
models, prevent damage to the male reproductive tract, and inhibit congenital disease. These 
constructs employ multiple modes to attenuate the viruses using information obtained from 


both vaccine development programs for other flaviviruses’?”!°!> and more fundamental 
studies of flavivirus biology.?°° A chimeric DENV-2 virus encoding ZIKV prM-E genes is 
being evaluated in phase I clinical studies by scientists at NIAID. 


Viral Vectors 


Numerous viral vectors have constructed to express ZIKV genes as vaccine candidates and 
shown to confer immunity.'2°°9498° Multiple adenovirus-based vectors, using different 


rhesus and human adenovirus strains, have been evaluated as ZIKV_ vaccine 
platforms.!42.404!719 Adenovirus vectors expressing ZIKV M-E have been studied 
extensively and this antigen and vaccine platform is being evaluated in clinical trials.'*!” 
Administration of a rhesus adenovirus 52 vaccine candidate elicited neutralizing antibodies 
and a protective immune response in mice and NHP models. Subsequent studies revealed 
remarkably durable protection from viremia in NHPs 1-year postadministration of a single 
vaccine dose.'*°*° A ZIKV vaccine utilizing a live attenuated measles strain to express prM 


and a soluble form of the E protein has been described.®°* Administration of this vaccine 
candidate reduced viral loads and protected against congenital disease in a mouse model. 


West Nile Virus 


While there is no WNV vaccine licensed for use in humans, several platforms have been 
developed (reviewed in Ref.°’). Live attenuated flavivirus chimeras were developed for 
WNYV using the strategies described above. ChimeriVax WNV vaccine candidates were 
constructed by replacing the prM-E genes of the YF-17D virus with those of WNV.‘°9 
ChimeriVax-WNO1 encodes unmodified prM-E sequence of the NY99 strain and was 
developed as a veterinary vaccine that has been used in horses since 2006,°°%° 
ChimeriVax-WN0O2 differs from the veterinary vaccine by three amino acid substitutions in 
the E protein introduced to reduce neurovirulence and a fourth adventitious substitution that 
arose during adaptation of the vaccine lot to growth on Vero cells.4°? ChimeriVax-WNO2 was 
safe and immunogenic in phase I and II clinical trials in humans.?~’”° In addition, a third 
chimeric WNV vaccine candidate was developed using the DENV-4A30 backbone included 
in the TV-005 DENV vaccine and shown to be safe and immunogenic in clinical 
studies," 


DNA vaccination has also shown promise for WNV vaccination. DNA vaccine constructs 
typically express genes encoding prM-E. Two phase I clinical studies of a WNV nucleic acid 
vaccine have been performed.*°?:°°74 These trials demonstrated that three doses of vaccine 
were well tolerated and capable of eliciting both a T-cell and neutralizing antibody response. 
A similar construct has proven to be efficacious at reducing WNV incidence in horses and a 
variety of birds. 
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HISTORY 


Coronaviruses are enveloped RNA viruses that are broadly distributed among humans, other 
mammals, and birds, causing acute and persistent infections. Members of this family were 
isolated as early as the 1930s as the causative agents of infectious bronchitis in chickens, 
transmissible gastroenteritis in pigs, and severe hepatitis and neurologic disease in mice. It 
was not until the 1960s, however, that these viruses and certain human respiratory 
viruses!°*85 were recognized to share characteristics that merited grouping them together. 
Their most notable common feature, revealed by electron microscopy, was a fringe of widely 
spaced, club-shaped spikes that were morphologically distinct from similar surface 
projections of ortho- and paramyxoviruses. The halo of spikes, giving the viral particle the 
appearance of the solar corona, prompted the name that was adopted for this virus group.*04 


Over the next 40 years, coronaviruses were studied mainly because they cause 
economically significant respiratory and gastrointestinal diseases in domestic animals and 
because they provide unique models for viral pathogenesis. The only two recognized human 
coronaviruses (HCoVs) were found to be responsible for a substantial fraction of common 
colds, particularly those that circulate in winter months. This situation changed dramatically 
in 2002 with the emergence and worldwide spread of a devastating new human disease, 
severe acute respiratory syndrome (SARS), which was caused by a previously unknown 
coronavirus. !*”2**)994 Although the SARS epidemic was extinguished within a year, research 
stimulated by the outbreak led to great strides in our understanding of coronaviruses. By 
2005, two additional, widespread human respiratory coronaviruses were discovered.**?.4°° 
Moreover, searches for animal virus reservoirs have nearly tripled the number of identified 
coronaviruses and defined an entire new genus,*°%*°”*°9 although most of the recently 
discovered species are known only as genomic sequences and have yet to be isolated or 
propagated experimentally. This increased comprehension of coronaviruses bore fruit in 
2012, when another zoonotic coronavirus crossed species from camels to cause the often- 
fatal human disease, Middle East respiratory syndrome (MERS),*”* which currently persists 
on the Arabian peninsula. The etiological coronavirus, its genome sequence, and its host cell 
receptor were all identified within 6 months, based on knowledge gained from the SARS 
epidemic. 


CLASSIFICATION 


The coronaviruses are the largest group within the Nidovirales (Fig. 10.1), a taxonomic order 
that comprises the families Coronaviridae, Arteriviridae, Roniviridae, and Mesoniviridae. 
The arteriviruses*”° consist of five genera of mammalian pathogens. The roniviruses,’? which 
infect shrimp, and the mosquito-borne mesoniviruses*!? are the only members of the order 
that have invertebrate hosts. Nidoviruses are membrane-enveloped, nonsegmented positive- 
strand RNA viruses that are set apart from other RNA viruses by certain distinctive 
characteristics.‘°* Their most significant common features are (a) an invariant general 
genomic organization, with a very large replicase gene upstream of the structural protein 
genes; (b) the expression of the replicase—transcriptase polyprotein by means of ribosomal 
frameshifting; (c) a collection of unique enzymatic activities contained within the replicase— 
transcriptase protein products; and (d) the expression of downstream genes via transcription 
of multiple 3’-nested subgenomic mRNAs. It should be noted that the replicative similarities 
among the four nidovirus families are offset by marked differences in the numbers, types, and 
sizes of their structural proteins and great variation among the morphologies of their virions 
and nucleocapsids. 


order: NIDOVIRALES 
family: Coronaviridae Arteriviridae Roniviridae Mesoniviridae 
subfamily: Coronavirinae Torovirinae 
genus: Alphacoronavirus Torovirus Equartevirus Okavirus Alphamesonivirus 
Betacoronavirus Bafinivirus Porartevirus Simartevirus 
Gammacoronavirus Dipartevirus Nesartevirus 
Deltacoronavirus 


FIGURE 10.1 Taxonomy of the order Nidovirales. 


Coronaviruses are classified as one of two subfamilies (Coronavirinae) in the family 
Coronaviridae (Fig. 10.1). The other subfamily, Torovirinae, contains the toroviruses, which 
are pathogens of cattle, horses, and swine,-”® and the bafiniviruses, the only nidoviruses 
currently known to infect fish.?”° This chapter will concentrate almost exclusively on the 
Coronavirinae. 


Coronaviruses were originally divided into three serological groups. More recently they 
have been arranged into four genera: the alpha-, beta-, gamma- and deltacoronaviruses (Fig. 
10.1). This sorting is based on rooted phylogenetic clustering and pair-wise evolutionary 
distances in seven key domains of the replicase-transcriptase polyprotein. !0°1°*!88 Within a 
genus, viruses are Classified as the same species if they share more than 90% amino acid 
sequence identity in the conserved replicase domains. As a consequence, some viruses 
historically considered to be separate species are currently recognized as a single species, for 


example, alphacoronavirus 1 or betacoronavirus 1 (Table 10.1). 


TABLE 10.1 Classification of coronaviruses 


_ Genus Alphacoronavirus 
p 


_ Alphacoronavirus 1 


| Human coronavirus 229E (HCoV-229E) 
~ Human coronavirus NL63 (HCoV-NL63) 
_ Porcine epidemic diarrhea virus (PEDV) 
| Mink coronavirus 1 (MCoV 1) 

_ Wenchéng shrew virus (WESV) 


| Lucheng Rn rat coronavirus (LRNV) 

Rhinolophus bat coronavirus HKU2 (Rh-BatCoV HKU2) 

| Scotophilus bat coronavirus 512 (Sc-BatCoV 512) 
Miniopterus bat coronavirus 1 (Mi-BatCoV 1) 

Miniopterus bat coronavirus HKU8 (Mi-BatCoV HKU8) 

| Bat coronavirus HKU10 (BatCoV HKU10) 


_ Bat coronavirus CDPHE15 (BatCoV CDPHE15) 


AJ271965 
EU186072 
AY994055 
GQ477367 
AF304460 
AY567487 
AF353511 


HM245925 


KY967735 


_KF294380 


EF203067 
DQ648858 


EU420138 


EU420139 
JQ989266 
KF430219 


Transmissible gastroenteritis virus (TGEV) 
Feline coronavirus type | (FCoV-I) 
Feline infectious peritonitis virus (FIPV) 


Canine coronavirus (CCoV) 


Genus Betacoronavirus 


Betacoronavirus 1 U00735 Bovine coronavirus (BCoV) 
EF446615 Equine coronavirus (EqCoV) 
AY903460 Human coronavirus OC43 (HCoV-OC43) 
DQ011855 Porcine hemagglutinating encephalomyelitis virus (PHEV) 
KF906249 Dromedary camel coronavirus HKU23 (DcCoV HKU23) 
Murine coronavirus AY700211 Mouse hepatitis virus (MHV) 
FJ938068 Rat coronavirus (RCoV) 
Human coronavirus HKU1 (HCoV-HKU1) AY597011 
| Severe acute respiratory syndrome-related coronavirus AY278741 Human SARS coronavirus (SARS-CoV) 
(SARSr-CoV) DQ071615 SARS-related Rhinolophus bat coronavirus Rp3 (SARSr-Rh- 
BatCoV Rp3) 
Middle East respiratory syndrome-related coronavirus JX869059 
(MERS-CoV)} 
Hedgehog coronavirus (EriCoV) KC545383 
Tylonycteris bat coronavirus HKU4 (Ty-BatCoV HKU4) EFO65505 
Pipistrellus bat coronavirus HKUS (Pi-BatCoV HKUS) EFO65509 
Rousettus bat coronavirus HKU9 (Ro-BatCoV HKU9) EFO065513 
Genus Gammacoronavirus 
Avian coronavirus AJ311317 Infectious bronchitis virus (IBV) 
EU022526 Turkey coronavirus (TuCoV) 
Cetacean coronavirus EU111742 Beluga whale coronavirus SW1 (BWCoV SW1) 
KF793824 Bottlenose dolphin coronavirus HKU22 (BdCoV HKU22) 
Genus Deltacoronavirus 
Porcine deltacoronavirus (PDCoV) JQ065042 
Munia coronavirus HKU13 (MuCoV HKU13) FJ376622 
Bulbul coronavirus HKU11 (BuCoV HKU11) FJ376620 
Thrush coronavirus HKU12 (ThCoV HKU12) FJ376621 
White-eye coronavirus HKU16 (WECoV HKU16) JQ065044 
Common-moorhen coronavirus HKU21 (CMCoV HKU21) JQ065049 
Widgeon coronavirus HKU20 (WiCoV HKU20) JQ065048 
| Night heron coronavirus HKU19 (NHCoV HKU19) JQ065047 


“Only viruses for which there are complete genome sequences are listed. 


bRepresentative GenBank accession numbers are given; in most cases, multiple genomic sequences for a given virus are 
available. 


Although they have tremendous potential for interspecies transmission, coronaviruses are 
generally confined to a single host or a small set of related hosts. The alpha- and 
betacoronaviruses almost exclusively infect mammals. In contrast, the gamma- and 
deltacoronaviruses, with few exceptions, have avian hosts. Many of the viruses listed in 
Table 10.1 have been studied for decades, specifically those included in the species 
alphacoronavirus 1, betacoronavirus 1, murine coronavirus, and avian coronavirus. The focus 
of research on these viruses came about largely because they were amenable to isolation and 
growth in tissue culture. 


However, since 2004, molecular surveillance and metagenomics efforts initiated in the 
wake of the SARS epidemic have led to the discovery of a multitude of previously unknown 
coronaviruses in a variety of hosts. Notably, most of the newly recognized species were 
identified in bats, which form one of the largest orders of mammals. Diverse alpha- and 
betacoronaviruses have been described in bats from every continent except Antarctica; these 
viruses include the likely immediate predecessors of SARS-CoV,!7%7®” as well as more 
distant relatives of ancestors of other HCoVs.°~9*7”* Birds have also proven to be a rich 
source of novel coronaviruses that are so highly divergent as to constitute a separate genus— 
the deltacoronaviruses.*?°*°” It has been proposed that bats and birds are ideally suited as 
reservoirs for the incubation, spread, and evolution of coronaviruses, owing to their common 
ability to fly and their propensity to roost and flock.*°° 


Six of the viruses in Table 10.1 are associated with human disease. The most 
categorically harmful of these, SARS-CoV, is not currently present in the human population 
but has the unabated potential to reemerge from animal sources. By contrast, MERS-CoV, 
which is discussed at length later in this chapter, continues to cause human infections with an 
alarmingly high case fatality rate. To date, however, this virus has remained geographically 
confined and has not evolved the high ability that SARS-CoV had for human-to-human 
transmission. The remaining four HCoVs, the alphacoronaviruses HCoV-229E and HCoV- 
NL63 and the betacoronaviruses HCoV-OC43 and HCoV-HKU1, typically cause common 
colds. Remarkably, HCoV-NL63 and HCoV-HKU1 were discovered in the post-SARS 
era,7>*>° despite the fact that each was subsequently found to be prevalent worldwide and to 
have been in circulation for a long time. Although generally associated with upper respiratory 
tract (URT) infections, the four endemic HCoVs can cause lower respiratory tract infections 
and have more serious consequences in the young, the elderly, and immunocompromised 
individuals. 


VIRION STRUCTURE 


Virus and Nucleocapsid 


Virions of coronaviruses are roughly spherical and moderately pleomorphic. In early 
investigations, viral particles were reported to have average diameters of 80 to 120 nm but 
ranged from extremes of 50 to 200 nm.*®4 Some of the variation in particle size and shape 
was likely attributable to distortions introduced by virion purification or negative staining of 
samples for electron microscopy. The characteristic spikes of coronaviruses, typically 
described as club-like or petal-shaped, were seen to emerge from the virion surface as stalks 
with bulb-like distal termini. More recent studies, employing cryoelectron microscopy and 
cryoelectron tomography,7°*°°07310 have produced images, such as those shown in Figure 
10.2A, in which virion size and shape were observed to be far more regular, although still 
pleomorphic. These studies, which examined a number of alpha- and betacoronaviruses, 
converge on mean particle diameters of 118 to 136 nm, including the contributions of the 


spikes, which protrude some 16 to 21 nm from the virion envelope. 


purified virions of mouse hepatitis virus (MHV), reconstructed as described in 
Neuman BW, Kiss G, Kunding AH, et al. A structural analysis of M protein in 
coronavirus assembly and morphology. J Struct Biol 2011;174:11-22. (Image 
provided by Benjamin Neuman, David Bhella, and Stanley Sawicki.) B: 
Schematic showing the major structural proteins of the coronavirus virion: S, 
spike protein; M, membrane protein; E, envelope protein; and N, nucleocapsid 
protein. 


Enclosed within the virion envelope is the nucleocapsid, a ribonucleoprotein containing the 
viral genome. The structure of this component is relatively obscure in whole virions, but its 
makeup can be discerned in some electron micrographs of virions spontaneously disrupted or 
solubilized with nonionic detergents.°7:10414429277 Such studies revealed another 
distinguishing characteristic of coronaviruses: they have helically symmetric nucleocapsids. 
While helical symmetry is the rule for nucleocapsids of negative-strand RNA viruses, it is 
highly unusual for positive-strand RNA animal viruses, almost all of which have icosahedral 
capsids. The best-resolved images of a coronavirus nucleocapsid, that of HCoV-229E, 
showed filamentous structures with a diameter of 9 to 13 nm and a 3- to 4-nm-wide central 
canal°’; these filaments were noted to be narrower and less sharply segmented than 
paramyxovirus nucleocapsids. However, varying and sometimes discrepant parameters have 
been reported for the nucleocapsids of other coronaviruses,*®! emphasizing the need for 
much further work to clearly define the dimensions, symmetry, and protein-RNA 
stoichiometry of this virion component in isolation. More recent coronavirus ultrastructural 


studies suggest that, when packaged within the virion envelope, the helical nucleocapsid is 
quite flexible, forming coils and other structures that fold back on themselves.72-°°7 


Virion Structural Proteins 


Coronaviruses contain a canonical set of four major structural proteins: the spike (S), 
membrane (M), and envelope (E) proteins, all of which are located in the membrane 
envelope, and the nucleocapsid (N) protein, which is found in the ribonucleoprotein core 
(Fig. 10.2B). 


The distinctive surface spikes of coronaviruses are composed of trimers of S 
molecules**!!9 that bind to host cell receptors and mediate the earliest steps of infection.®° In 
some cases, S protein can also induce cell-cell fusion late in infection. S is a class I viral 
fusion protein,*© in common with several RNA virus spike proteins, of which the influenza 
HA protein is the best-studied example.'°? The S monomer is a transmembrane protein 
containing a very large ectodomain and a tiny endodomain. Its mass ranges from 126 to 168 
kDa, with glycosylation increasing this by some 40 kDa. The roughly equal-sized amino- 
terminal and carboxy-terminal subunits of the molecule are denoted S1 and S2, respectively 
(Fig. 10.3). S1 subunits display extremely low sequence homology across the four genera and 
often diverge considerably among different isolates of a single species.°*°**! By contrast, S2 
subunits are more highly conserved.!°’ High-resolution cryoelectron microscopic (EM) 
structures have recently been determined for the S protein ectodomains of at least one 
representative virus from each genus: SARS-CoV (Fig. 10.3),4”? MHV,*"° HCoV-HKU1,*4 
HCoV-NL63,7?” MERS-CoV,*’? PDCovV,?”?4©° and IBV.*°° These exhibit a remarkable unity 
in their architecture. S ectodomains extend 130 to 160 A in length, from the base at the 
membrane envelope to the top of the spike. Viewed from above, the S trimer has a triangular 
cross section, tapering from a diameter of 115 to 140 A at the membrane-distal head to 50 to 
70 A at the membrane-proximal base. In the S protein trimer, the S1 subunits make up the 
bulbous, receptor-binding portion of the spike. Despite the high amino acid sequence 
variability of S1, all of the bulb structures are quite similar. S1 subunits each consist of an 
amino-terminal and a carboxy-terminal domain (NTD and CTD), as well as one to three 
smaller subdomains at differing locations. S1 NTDs have a fold like that of galectins, a 
family of cellular 6-galactoside—binding proteins. Particular variations in the packing 
arrangements of S1 NTDs and CTDs within the trimer suggest that alpha- and 
deltacoronavirus S proteins are more closely related to each other than to other S 
proteins?”?*°>; likewise, the beta- and gammacoronavirus S proteins bear more of a 
resemblance to each other than to S proteins of the other two genera.*°° The S2 subunit 
trimers constitute the narrower stalk of the spike, distancing the bulb from the membrane. S2 
structures are highly similar across all four genera and are principally composed of multiple 
long a-helices, including those within two heptad repeat regions (HR1 and HR2). 


receptor-binding HCoV-HKU1 K——4 
domains HCoV-2295 KJ 

S (RBDs) [+ mers-cov S 
MHV K+] HJ SARS-CoV 
BCov/_——————_|_ HCo-NL63 /K# 4 ' 
IBV|-—_| tHteev V 


$1 


transmembrane (TM) ,,M 
in. interaction 


V S2 domal aks 


FP t NID $1. CTD 4 HRI HR? 


signal peptide fusion peptide heptad repeats endodomain 
(FP) 
gS 239 dom 3 
TM domain : 
t NTD 
E Rot eae 
ectodomain endodomain s N RNA 

TM domains terete interaction N RNA-binding domains M interaction 

+4 [- a NTD ¥ “CTD 
M \ (Dot 3. 
ectodomain endodomain ASR region domain 3 


FIGURE 10.3 Virion structural proteins. Folded and linear representations of the 
spike (S), membrane (M), envelope (E), and nucleocapsid (N) proteins. Also 
shown (boxed) are side and top views of a cryo-EM model of the SARS-CoV S 
protein ectodomain. (From Yuan Y, Cao D, Zhang Y, et al. Cryo-EM structures 
of MERS-CoV and SARS-CoV spike glycoproteins reveal the dynamic receptor 
binding domains. Nat Commun 2017;8:15092.) In the model, each S monomer is 
colored differently; blue spheres represent N-linked glycans. The size scale for 
the linear diagram of S is half of that for the other proteins. In the linear diagram 
of S, solid and open arrowheads indicate the S1/S2 and S2’ cleavage sites, 
respectively. In the linear diagrams of S, M, and N, red brackets indicate mapped 
regions involved in assembly interactions (see Assembly and Release of Virions). 


During synthesis, the S protein is inserted, via a cleaved signal peptide,°? into the 


endoplasmic reticulum (ER), where it becomes modified by N-linked glycosylation.!”°°™ 
Comprehensive mapping of glycosylation sites has been carried out for the S proteins of 


HCoV-NL63*°’ and PDCoV,*°° revealing that N-linked glycans occupy nearly all of the 
consensus NXS/T sites in the S1 and S2 subunits. The early steps of glycosylation occur 
cotranslationally, and this alteration assists monomer folding and proper oligomerization; 


terminal glycosylation is then completed subsequent to trimerization.!'9 The shield formed 
by glycans covers a significant fraction of the surface of the S trimer and may mask epitopes, 


thereby contributing to evasion of immune surveillance.*°’ S protein monomer folding is also 
accompanied by the formation of intrasubunit disulfide bonds among a subset of the cysteine 


residues of the ectodomain.**! Most of the disulfide linkages have been mapped for the S 
trimer structures of MHV*°° and PDCoV.*° 


In many coronaviruses, the S protein is partially or completely cleaved by a furin-like 


host cell protease,°”*”° separating the S1 and S2 subunits (Fig. 10.3). This cleavage is a late 


event in virion assembly and release from infected cells. Another type of S protein cleavage 
(S2’), thought to be essential for all coronaviruses, takes place during the initiation of 
infection and activates the molecule for membrane fusion.** Generally, each type of S 
proteolytic processing occurs immediately downstream of a highly basic peptide motif.*%° 
The differing functions of S1 and S2, and the role of proteolysis, are discussed later (see Viral 
Entry and Uncoating). 


The most abundant structural protein in coronaviruses, the M protein,*”° gives the virion 


envelope its shape. The M monomer, which ranges from 25 to 30 kDa, is a polytopic 
membrane protein that is embedded in the envelope by three transmembrane domains.!/4°° 
At its amino terminus is a very small ectodomain; the carboxy-terminal endodomain of M 
accounts for the major part of the molecule and is situated in the interior of the virion or on 
the cytoplasmic face of intracellular membranes (Fig. 10.3). Although it is inserted 
cotranslationally into the ER membrane, the M protein generally does not bear an amino- 
terminal signal peptide.°?°°* For IBV and MHYV, it was found that either the first or the third 
transmembrane domain of M alone sufficed as a signal for insertion and anchoring of the 
protein in its native membrane orientation.'”*7°77/© Anomalously, M proteins of the 
alphacoronavirus 1 species do contain cleavable amino-terminal signal peptides, but it is not 
clear whether these are necessary for membrane insertion.*°! The ectodomain of M is 
modified by glycosylation, which is usually N-linked.!”4+!9°°°° However, a subset of 
betacoronavirus M proteins, and possibly some deltacoronavirus M proteins, exhibit O-linked 
glycosylation.'!' Glycosylation of M has been shown to influence both organ tropism and the 
interferon (IFN)-inducing capacity of certain coronaviruses. 109.249 


M proteins are moderately well conserved within each coronavirus genus, but they 
diverge considerably across genera. The most variable part of the molecule is the 
ectodomain. By contrast, a 22—amino acid endodomain segment immediately downstream of 
the third transmembrane domain exhibits a high degree of sequence conservation. As yet, the 
M protein has been refractory to crystallization, but cryo-EM and _ tomographic 
reconstructions have provided a glimpse of the structure of this protein within the virion 
envelope.*°°07,3!0 These studies reveal that the large carboxy terminus of M extends some 6 
to 8 nm into the viral particle and is compressed into a globular domain, consistent with early 
work showing that the endodomain is very resistant to proteases.°°°°* The observed M 
structures are likely to be dimers, the monomers of which are associated through multiple 
interacting regions. M dimers appear to adopt two different conformations: a compact form 
that promotes greater membrane curvature and a more elongated form that contacts the 
nucleocapsid.*!? 


The E protein is a small polypeptide, of 8 to 12 kDa, that is found in limited amounts in 


the virion envelope.!’*7°! Despite its minor presence, no wild-type coronavirus has been 
discovered to lack this protein. Engineered knockout or deletion of the E gene has effects 


ranging from moderate,!!° to severe,?7®7* to lethal.’”°** Thus, although E is not always 


essential, it is critical for coronavirus infectivity (see Assembly and Release of Virions). E 
proteins have widely divergent sequences, but all share a common architecture: a short 
hydrophilic amino terminus, followed by a large hydrophobic region and, lastly, a large 
hydrophilic carboxy-terminal tail (Fig. 10.3). E is an integral membrane protein, but it does 
not have a cleavable signal peptide and is not glycosylated.%°'7**9* Beta- and 
gammacoronavirus E proteins have been shown to be palmitoylated on cysteine residues 
downstream and adjacent to the hydrophobic region.**9778 The membrane topology of E is 
not completely resolved.?”!”4764492 Most evidence indicates that this polypeptide transits the 
membrane once, with an amino-terminal exodomain and a carboxy-terminal endodomain. 
Contrary to this are reports that E has a hairpin conformation, with both termini on the 
cytoplasmic face of membranes, or that E can have multiple membrane topologies. E protein 
has been observed to assemble into homo-oligomers, ranging from dimers through 
hexamers,!’+4°* and a pentameric qa-helical bundle structure has been solved for the 
hydrophobic region of SARS-CoV E.°°9 Oligomerization is consistent with the ion channel 
activity of this protein, but the monomeric form of E may also play a separate role*“° (see 
Assembly and Release of Virions). 


Residing in the interior of the virion, the N protein is the sole protein constituent of the 
helical nucleocapsid.!’* Monomers of this 38- to 52-kDa protein bind along the RNA genome 
in a beads-on-a-string configuration common to other helical viral nucleocapsids (Fig. 
10.2B). However, unlike the nucleoproteins of rhabdo- and paramyxoviruses, the coronavirus 
N protein provides little or no protection for its genome against the action of 
ribonucleases.*’”°°* The bulk of the N protein monomer is made up of two independently 
folding domains, which are called the N-terminal domain (NTD) and the C-terminal domain 
(CTD), although neither includes its respective terminus of the N molecule (Fig. 10.3). With 
the exception of a highly conserved stretch of 30 amino acids within the NTD,7°* there is 
only a moderate degree of primary sequence homology among N proteins across all genera. 
However, high structural homology is evident among the crystal or solution structures that 
have been determined for the NTDs and CTDs of multiple coronaviruses.®°/?!97197 
Flanking the NTD and CTD are three spacer segments, the central one of which contains a 
serine- and arginine-rich tract (the SR region). The remaining functionally distinct region of 
N, the carboxy-terminal domain 3, has been defined genetically.'®°*!° The spacer segments 
and domain 3 are each likely to be intrinsically disordered polypeptides.°*°? Most of the N 
molecule, including the NTD and CTD, is highly basic; by contrast, domain 3 is acidic. 


The N protein is a phosphoprotein,!”* modified at a limited number of serine and 
threonine residues. Phosphorylation sites have been mapped for TGEV, IBV, and MHV 
(representing three of the four genera), and collectively, targeted sites can fall in any domain 
or spacer region of the N molecule.°!’+*4’ Thus, a general pattern for N protein 
phosphorylation cannot yet be discerned, nor have all responsible kinases been identified, 
although there is evidence linking glycogen synthase kinase-3 to phosphorylation of the SR 
region of MHV N.*°° The role of phosphorylation is not clearly established, but it has long 


been thought to have regulatory impact. Phosphorylation has been suggested to trigger a 
conformational change in N protein,*°* and it may modulate RNA-binding affinity, 
transcription elongation, or N oligomerization.© 4° 

The most salient function of the N protein is to bind to viral RNA. Nucleocapsid 
formation must involve both sequence-specific and nonspecific modes of RNA binding. 
Specific RNA substrates that have been identified for N protein include the transcription- 
regulating sequence (TRS)!°”7°! (see Viral RNA Synthesis), polyadenylate,**! and the 
genomic RNA packaging signal (PS)°”7° (see Assembly and Release of Virions). The NTD 
and the CTD are each separately capable of binding to RNA ligands in vitro, and the 
(unbound) structures of these domains offer some clues as to how this is accomplished. The 
NTD consists of a U-shaped f-platform with an extruding f-hairpin, which presents a 
putative RNA-binding groove rich in basic and aromatic amino acid residues.°°!°”'5” The 
tightly interconnected CTD dimer forms a rectangular slab, one face of which exhibits a 
potential RNA-binding groove lined by basic a-helices.°*’* Some work suggests that, in the 
intact N protein, optimal RNA binding requires concerted contributions from both the NTD 
and the CTD, as well as other regions of the molecule.°%!®* In addition to RNA binding, a 
significant component of nucleocapsid stability results from interactions among N 
monomers.°°* A major part of this is generally attributed to dimerization and higher-order 
oligomerization of the CTD,°”°*!9” but additional regions of N—N association have been 
mapped to the NTD and to domain 3.°%!°”'®4 Another crucial interaction of the N protein is 


to bind to M protein.!°°*°> This capability is provided by the carboxy-terminal domain 3 of 
Ny, 186,231,433 


A fifth prominent structural protein, the hemagglutinin—esterase (HE) protein, is found 
only in lineage A betacoronaviruses, which include MHV, BCoV, HCoV-OC43, and HCoV- 
HKU1. In virions of these species, HE forms a secondary set of short projections, of some 5 
to 10 nm, arrayed beneath the canopy of S protein spikes.!°>!°* The 48-kDa HE monomer is 
made up almost entirely of an amino-terminal ectodomain, which acquires an additional 17 
kDa of N-linked glycosylation during synthesis. The mature protein is a disulfide-linked 
homodimer.!”° As its name indicates, the HE protein is a hemagglutinin; that is, it is able to 
bind to sialic acid moieties found on cell-surface glycoproteins and glycolipids.'°° Further, 
HE possesses acetylesterase activity, specific for either 9-O- or 4-O-acetylated sialic acids. 
These characteristics are thought to allow HE to act as a cofactor for S protein, assisting 
attachment of virus to host cells, as well as expediting the travel of virus through the 
extracellular mucosa. Consistent with this notion, the presence of HE in MHV dramatically 
enhances neurovirulence in the mouse host.22° Conversely, in HCoV-OC43, which had a 
relatively recent zoonotic origin, the hemagglutinin activity of HE was lost by 
counterselection as the virus evolved to accommodate the sialoglycan composition of the 
human respiratory tract.*° The two activities of the HE protein are strikingly similar to the 
receptor-binding and receptor-destroying activities found in influenza C virus. Remarkably, 
the coronavirus HE gene is clearly related to the influenza C virus HEF gene.*”* Moreover, 


toroviruses also possess a homolog of the HE gene,” raising the possibility that all three of 


these virus groups evolved from a common ancestor.*’?°*4 This kinship is further 
corroborated by the crystal structure of the BCoV HE protein, which reveals separate 
receptor-binding and acetylesterase domains perched atop a truncated membrane-proximal 
region.*’° The coronavirus HE protein thus resembles a squat version of its influenza virus 
counterpart. 


GENOME STRUCTURE AND ORGANIZATION 


Basic and Accessory Genes 


The coronavirus genome, which ranges from 25 to 32 kb, is among the largest of those of all 
RNA viruses, including RNA viruses that have segmented genomes. This exceptional RNA 
molecule acts in at least three capacities!°*: as the initial mRNA of the infectious cycle (see 
Expression of the Replicase—Transcriptase Complex), as the template for RNA replication 
and transcription (see Viral RNA Synthesis), and as the substrate for packaging into progeny 
viruses (see Assembly and Release of Virions). Consistent with its role as an mRNA, the 
coronavirus genome has a canonical eukaryotic 5'-terminal cap 1 structure and a 3’ 
polyadenylate tail.!°? The genome comprises a basic set of genes in the invariant order 5’- 
replicase-S-E-M-N-3', with the huge replicase gene occupying two-thirds of the available 
coding capacity (Fig. 10.4). The replicase—transcriptase is the only protein translated from 
the genome; the products of all downstream open reading frames (ORFs) are derived from 
subgenomic mRNAs. The 5'-most position of the replicase gene is dictated by the 
requirement for expression of the replicase to set in motion all subsequent events of 
infection. The organization of the other basic genes, however, does not seem to reflect any 
underlying principle, since engineered rearrangement of the downstream gene order is 


completely tolerated.!!° 
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FIGURE 10.4 Coronavirus genome organization. A schematic of the entire 
genome of MHV is shown at the top. The replicase gene constitutes two ORFs, 
rep 1a and rep 1b, which are expressed by a ribosomal frameshifting mechanism 
(see Expression of the Replicase—Transcriptase Complex). The expanded region 
shows the downstream genes of three betacoronaviruses (MHV, SARS-CoV, and 
MERS-CoV), an alphacoronavirus (FCoV), a gammacoronavirus (IBV), and a 
deltacoronavirus (PDCoV). The total genome size is given for each virus. The 
sizes and positions of accessory genes are indicated, relative to the basic genes S, 
E, M, and N. 


Dispersed among the basic genes, there are from one to as many as eight additional ORFs, 
designated accessory genes, which tend to be specific to various lineages within each 
genus~°!03 (Fig. 10.4). These can fall in any of the intergenic intervals downstream of the 
replicase gene,*°° except, curiously, never between the E and M genes. In some cases, an 
accessory gene can be partially or entirely embedded as an alternate reading frame within 
another gene, for example, the internal (I) gene of MHV or the 3b gene of SARS-CoV. By 
convention, accessory genes are numbered according to the smallest transcript in which they 
fall. Consequently, there is usually no relatedness among identically named accessory genes 
in coronaviruses of different genera, for example, the 3a genes of SARS-CoV, FCoV, and 
IBV (Fig. 10.4). Some of these extra ORFs are thought to have been acquired through 


ancestral recombination with RNA from host or heterologous viral sources. The HE gene is 


the best supported example of this type of horizontal gene transfer.*”? Two other such 
candidates are the 2a gene found in MHV and HCoV-OC43, which encodes a 2’,5’- 
phosphodiesterase,!°! and gene 10 of beluga whale coronavirus, which encodes a putative 
uridine-cytidine kinase.*®° Notably, the 2a protein is structurally and functionally 
homologous to the MERS-CoV 4b protein,*!® to a module of the torovirus replicase,*°* and 
to the mouse AKAP7 protein.!°! This strongly suggests that the ancestral 2a gene was 
captured from a host mRNA. The origins of most accessory genes, however, remain an open 
question, as most have no identifiable orthologs in protein databases. Some others have 
ORFs with multiple disruptions and are likely to be relics of genes lost during evolution. 


Almost all intact accessory genes that have been examined are expressed during 
infection, although the functions of only a handful are well resolved. The protein products of 


most accessory genes are nonstructural, but the HE protein is a clear exception to this rule,!”° 


and a few other accessory proteins have been shown to be components of virions.°” 
Mutational knockout or deletion of accessory genes has not yet revealed any that are essential 
for viral replication in tissue culture. Conversely, accessory gene ablation,!0'1!229 or 
transfer to another virus,*!! can have profound effects on viral pathogenesis. In some cases, 
the basis for this is understood to result from interactions with host defenses, particularly 
innate immune mechanisms (see Immune Response and Viral Evasion of the Immune 
Response). For other accessory genes, though, potential in vivo functions have not been 
elucidated. 


Coronavirus Genetics 


Classical coronavirus genetics focused principally on two types of mutants: first, naturally 
arising viral isolates, particularly deletion mutants, which offered clues to the genetic basis of 
different pathogenic traits, and second, temperature-sensitive mutants isolated from MHV by 
chemical mutagenesis.*°° Some of the latter proved valuable in analyses of the functions of 
structural proteins.*!%-*”48* However, owing to the large target size of the replicase gene, the 
majority of such randomly generated mutants had conditional—lethal, RNA-negative 
phenotypes. These are currently sorted into five complementation groups, yielding one 
approach to examining the multiplicity of functions encompassed by the viral replicase— 
transcriptase.29°71403 


The development of coronavirus reverse genetics proceeded in two phases.!7° Initially, a 
method called targeted RNA recombination was devised at a time when it was uncertain 
whether the construction of full-length infectious cDNA clones of coronavirus genomes 
would become technically feasible. With this scheme, a synthetic donor RNA bearing 
mutations of interest is transfected into cells that have been infected with a recipient parent 
virus possessing some characteristic that can be selected against.*!9 In its current form, for 
manipulation of MHV, the technique uses a chimeric recipient parent virus designated {MHV. 
The fMHV chimera is a mutant of MHV that contains the S protein ectodomain from feline 


infectious peritonitis virus (FIPV), a feline coronavirus, and can therefore only grow in feline 
cells (see Virion Attachment to Host Cells). The restoration of its ability to grow in murine 
cells, via recombination with donor RNA containing the MHV S gene, enables a powerful 
selection for viruses bearing site-specific mutations.**”7°° Analogous chimeras have been 
generated for construction of recombinants of FIPV, IBV, and PEDV. However, the utility of 
targeted RNA recombination is restricted to the 3’ third of the genome. 


To obtain access to the coronavirus replicase gene, it was necessary to create full-length 
cDNAs. Three innovative strategies were developed to overcome the inherent barriers 
presented by the huge size of the replicase gene and the high instability of its various regions 
when propagated in bacterial clones.?-!7° In the first strategy, a full-length cDNA copy of a 
coronavirus genome is assembled downstream of the CMV promoter in a bacterial artificial 
chromosome (BAC) vector, which is stable by virtue of its low copy number.® The BAC can 
be manipulated by standard cloning techniques or, more recently, by A phage—based 
homologous recombination in bacteria!*° or homologous recombination in yeast.?!© Viral 
infection is then launched from transfected BAC DNA, through transcription of infectious 
coronavirus RNA by host RNA polymerase II. This method of initiating infection obviates 
potential limitations of in vitro capping and synthesis of genomic RNA. In the second 
strategy, a full-length genomic cDNA is assembled by in vitro ligation of smaller cloned 
cDNA fragments, some of the boundaries of which have been chosen so as to interrupt 
regions of instability.'*°4”! The ligation occurs in a directed order that is dictated by the use 
of asymmetric restriction sites. Infectious genomic RNA is then transcribed in vitro and used 
to transfect susceptible host cells. An extension of this method has demonstrated the 
construction entirely from synthetic cDNAs of the genome for a hypothetical progenitor of 
an extant coronavirus.*’ In the third strategy, the genome of vaccinia virus is used as the 
cloning vector for a full-length coronavirus cDNA that is generated by long-range RIT- 
PCR.*!© The cDNA is then amenable to manipulation by the repertoire of techniques 
available for poxvirus reverse genetics.’ Infections are launched from in vitro—synthesized 
RNA or, alternatively, from transfected cDNA transcribed in vivo by T7 RNA polymerase 
encoded by fowlpox helper virus.°* Collectively, these systems developed for complete 
reverse genetics have provided an essential pathway toward unraveling the complexities of 
the coronavirus replicase. 


CORONAVIRUS REPLICATION 


Virion Attachment to Host Cells 


Coronavirus infection is initiated by virion binding to a cellular receptor (Fig. 10.5). There 
then follows a series of events culminating in the delivery of the nucleocapsid to the 
cytoplasm, where the viral genome becomes available for translation. Individual 
coronaviruses usually infect only one or a few closely related hosts. The interaction between 


the viral S protein and its cognate receptor constitutes the principal determinant governing 
coronavirus host species range and tissue tropism. This has been most convincingly shown in 
two ways. First, the expression of a particular receptor in nonpermissive cells of a 
heterologous species renders those cells permissive for the corresponding 
coronavirus. !17:190:253,258,355,420,442,470 Second, the engineered replacement of the S protein 
ectodomain changes the host cell species specificity or tissue tropism of a coronavirus in a 
predictable fashion.'©>.2*7341,968.424 The more variable subunit, S1, is the part of the spike 
protein that binds to receptor. Binding leads to large conformational changes, mediated by the 
more conserved S2 subunit, that result in the fusion of virion and cell membranes. The region 
of S1 that contacts the receptor, the receptor-binding domain (RBD), has been mapped to the 
CTD of S1 for SARS-CoV,**? MERS-CoV,?”0*4° HCoV-HKU1,°2. HCoV-NL63,7° 
TGEV,'*” and HCoV-229E.*° By contrast, the RBD for MHV maps to the NTD of its S1 
subunit?**; this galectin-like domain of S1 is often reserved by other coronaviruses for 
binding to carbohydrate attachment factors.249°>>48 The RBD is usually found in a “lying” 
state, buried in the S trimer structure, and it must undergo a transition to a “standing” state to 
become accessible to the receptor.*°*-*’? It is not yet clear what governs this conformational 
change. 
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FIGURE 10.5 Overview of coronavirus replication (see text for details). 


The known cellular receptors for coronaviruses are listed in Table 10.2. The MHV receptor, 
mCEACAM1, was the first discovered coronavirus receptor (as well as one of the first 
receptors defined for any virus).*°°*°! That this molecule is the only biologically relevant 
receptor for MHV was made clear by the demonstration that homozygous Ceacam1~/~ 
knockout mice are totally resistant to infection by high doses of MHV.'!7? CEACAM1 is a 
member of the carcinoembryonic antigen (CEA) family within the immunoglobulin (Ig) 
superfamily, and, in its full-length form, CEACAM1 contains four Ig-like domains.'°° A 
diversity of two— and four—Ig domain isoforms are generated by multiple alleles and 
alternative splicing variants of Ceacam1.'*° The wide range of pathogenicity of MHV in 
mice is thus thought to be strongly affected by the interactions of S proteins of different virus 
Strains with the array of receptor isoforms that are expressed in mice of different genetic 
backgrounds.*°° The solved structure of the MHV RBD-mCEACAM1 complex has allowed 
the identification of key residues at the S protein—receptor interface and has also revealed 
why the closely related S protein of BCoV cannot bind the MHV receptor.7*® 


TABLE 10.2 Coronavirus receptors 


Alphacoronaviruses 
_TGEV 


- PRCoV 
-PEDV 
FCoV-Il, FIPV 
FCoV-I 
CCoV 

~ HCoV-229E 
~HCoV-NL63 


Porcine aminopeptidase NP 
(pAPN) 


Porcine aminopeptidase N (pAPN) 


(Unknown, but not pAPN) 


Feline aminopeptidase N (fAPN) 
(Unknown, but not fAPN) 

Canine aminopeptidase N (cAPN) 
Human aminopeptidase N (hAPN) 


Angiotensin-converting enzyme 2 
(ACE2) 


Betacoronaviruses 


MHV 


| BCav 
HCoV-OC43 
SARS-CoV 


~ MERS-CoV 


Murine carcinoembryonic antigen- 
related adhesion molecule 1 
(mCEACAM1) 
N-Acetyl-9-O-acetylneuraminic 
acid® 


N-Acetyl-9-O-acetylneuraminic 


acid? 


Angiotensin-converting enzyme 2 
(ACE2)< 


Dipeptidyl peptidase 4 (DPP4)¢ 


_Gammacoronaviruses 


IBV 


Alpha-2,3-linked sialic acid® 


_ Deltacoronaviruses 


~PDCoV 


Porcine aminopeptidase N (pAPN) 


le 


118 
386,257 


420 


131 
35 


470 


12 


450 


374 


226 


258 


355 


348 


253,442 


“All virus abbreviations are as given in Table 10.1. 

bMammalian aminopeptidase N is also known as CD13. 

“Human CD209L (L-SIGN), a lectin family member, can also act as a receptor for SARS-CoV but with much lower 
efficiency than ACE2.197 

dppp4 is also known as CD26. 

It is not yet known whether BCoV, HCoV-OC43, and IBV also have protein receptors. 


Many alphacoronaviruses and one deltacoronavirus use aminopeptidase N (APN) of their 
respective hosts as a receptor (Table 10.2).117118:253,420,442,470 APN (also called CD13) is a 
cell-surface, zinc-binding protease that is resident in respiratory and enteric epithelia and in 
neural tissue. The APN molecule is a heavily glycosylated homodimer. In general, the 
alphacoronavirus receptor activities of APN homologs are not interchangeable among 
species.°>-!!© In line with this specificity, structures of RBD-APN complexes show that 
PRCoV and HCoV-229E have evolved to bind to different sites on pAPN and hAPN, 
respectively.2>°°”4>4 By contrast, the deltacoronavirus PDCoV is able to exploit as a receptor 
APN homologs from multiple mammalian and avian species.*°° This suggests that the S 
protein of this virus recognizes highly conserved determinants on APN, in accord with its 
postulated recent switch from an avian to a mammalian host. 


The receptor for SARS-CoV, angiotensin-converting enzyme 2 (ACE2), was rapidly 
discovered following the isolation of the virus.*°°? ACE2 is a cell-surface, zinc-binding 
carboxypeptidase involved in regulation of cardiac function and blood pressure. It is 
expressed in epithelial cells of the lung and the small intestine, the primary targets of SARS- 
CoV, as well as in heart, kidney, and other tissues. The crystal structure of the SARS-CoV S 
protein RBD in complex with ACE2 shows the RBD cradling one lobe of the claw-like 
catalytic domain of its receptor.***.*°° The cryo-EM structure of the complete S trimer bound 
to ACE2 indicates that receptor binding induces a conformational change in the RBD and 
may trigger the release of S1 subunits from S2 subunits.°°° Remarkably, ACE2 also serves as 
the receptor for the alphacoronavirus HCoV-NL63,'’* and the corresponding structural 
complex for that virus reveals that the HCoV-NL63 RBD binds to the very same motifs of 
ACE2 as are contacted by the SARS-CoV RBD.7*® Since the SARS-CoV and HCoV-NL63 
RBDs have neither sequence nor structural homology, this finding strongly supports the 
notion that they have independently evolved to bind to the same hot spot on the ACE2 
surface. Analysis of the SARS-CoV RBD-—ACE2 interface and structure-guided mutational 
investigations demonstrated the basis for the final jump of SARS-CoV from palm civets to 
human hosts (see Epidemiology). These studies found that mutation of merely two key RBD 


residues facilitated civet-to-human transmission and subsequent human-to-human 


transmission.27° 


Shortly following the isolation of MERS-CoV, its receptor was found to be dipeptidyl 
peptidase 4 (DPP4, also called CD26).*°° DPP4 is a membrane-bound exoprotease with a 
wide tissue distribution; it cleaves dipeptides from hormones, chemokines, and cytokines and 


carries out multiple other physiological functions. The DPP4 molecule comprises a carboxy- 
terminal catalytic domain and an amino-terminal eight-blade /-propeller domain. The 
structure of the MERS-CoV RBD-DPP4 complex shows that the interacting surface of the 
RBD is a four-stranded f-sheet that contacts blades 4 and 5 of the DPP4 propeller 
domain.**8*”° Notably, critical residues in this region of the receptor are well conserved 
between DPP4 of humans and camels, the source of zoonotic transmission of MERS-CoV.2“2 
While it is intriguing that DPP4, like APN and ACE2, is a protease, catalytic site mutational 
analyses and inhibitor studies of all three of these molecules have shown that their enzymatic 
activities are not required for receptor function. 11248298395 


Viral Entry and Uncoating 


The entry of virions into cells results from large-scale rearrangements of the S protein that 
lead to the fusion of viral and cellular membranes.*© Coronaviruses can enter cells either by 
an “early” pathway of fusion at the plasma membrane or by a “late” pathway of receptor- 
mediated endocytosis followed by fusion with membranes of acidified endosomes. The 
rearrangements of S are triggered by some combination of proteolytic cleavage, receptor 
binding, and possibly also exposure to acidic pH.'©%7°° Upon synthesis, S protein initially 
folds into a stable configuration, to prevent its premature activation prior to contacting target 
cells. Thus, during the entry steps of infection, S requires at least one encounter with a 
protease in order to separate the receptor-binding and fusion components of the spike and to 
expose its fusion peptide. There are two main types of proteolytic cleavage of S. The first is a 
preliminary activation at the S1/S2 junction, which occurs in many coronaviruses but is not 
obligatory. This cleavage often takes place as virions exit from cells (in the previous round of 
infection), but it can also occur at the cell surface during receptor binding. The second type 
of cleavage happens at a locus (S2') within the S2 subunit, upstream of the fusion peptide 
(Fig. 10.3).°4 This event can take place either at the cell surface or in endosomes. It is 
enhanced by prior S1/S2 cleavage and likely follows conformational changes in S that result 
from receptor binding. The gathering consensus is that S2’ cleavage occurs in all 
coronaviruses and is essential for fusion.*°° The exact assignment of the S2 fusion peptide is 
not agreed upon*®99.2*3; however, the best candidate is a region containing a highly 


conserved motif, IEDLLF, immediately downstream of the S2’ cleavage site.*°! High- 


resolution structures show that this putative fusion peptide is accessible on the periphery of 


the S trimer*!*4°°; accordingly, S2’ cleavage would free its amino terminus for host cell 


membrane insertion. 


The details of proteolytic activation are still incompletely understood but have been best 
studied for SARS-CoV. In most tissue culture cell types, entry of this virus is dependent upon 
cathepsins, which are acid-activated endosomal proteases. The infectivity of SARS-CoV, as 
well as many other coronaviruses, is thus suppressed by cathepsin inhibitors or by 
lysosomotropic agents.°°° It remains unresolved, however, whether neutralization of 
lysosomal pH prevents some required S protein conformational change or if its sole effect is 
to forestall the activation of endosomal proteases. Alternatively, cell-bound SARS-CoV can 


be activated by treatment with extracellular proteases, such as trypsin or elastase, greatly 
enhancing its infectivity and allowing the virus to enter from the cell surface.*°? This 
diversity of mechanisms of activation raises the question of which best reflects conditions 
during host infection. Recent studies suggest that for the SARS-CoV S protein, the most 
biologically relevant protease is TMPRSS2.*°!%°7 This transmembrane serine protease, 
which is expressed in pneumocytes, colocalizes with and binds to ACE2. In cells expressing 
TMPRSS2, SARS-CoV enters at the cell surface and is insensitive to cathepsin inhibitors and 
lysosomotropic agents. Similarly, there is evidence that “early” entry at the cell surface is 
also the most pertinent mechanism for initiation of MERS-CoV infection in vivo. In this case, 
it was found that TMPRSS2 is linked to the receptor DPP4 by a scaffold protein, tetraspanin 
CD9.!%* Likewise, TMPRSS2-dependent “early” entry appears to be the main pathway 
followed by clinical (rather than cell culture-adapted) isolates of HCoV-229E, HCoV-OC43, 
and HCoV-HKU1.°8438 


The coronavirus S protein is a class I viral fusion protein with domains structurally and 
functionally homologous to those of the fusion proteins of phylogenetically distant RNA 
viruses, such as influenza virus, HIV, and Ebola virus, but on a much larger scale.*6.47:168.249 
As in those other viral fusion proteins, the coronavirus S2 moiety contains two separated 
heptad repeats, HR1 and HR2, with the fusion peptide upstream of HR1 and the 
transmembrane domain immediately downstream of HR2 (Fig. 10.3). Conformational 
changes brought about by receptor binding and S2’ cleavage release the fusion peptide, 
allowing its insertion into the host cell membrane. Concomitant dissociation of the S1 
subunit effectively unlocks the S2 trimer, triggering major rearrangements.*?? The result is an 
irreversible folding that brings together the heptad repeats to form a six-helix bundle, 
juxtaposing viral and cellular membranes in sufficient proximity to allow lipid bilayer mixing 
and deposition of the virion nucleocapsid into the cytoplasm. The six-helix bundle is an 
extremely stable, rod-like complex. Highly similar crystallographic structures for this 
complex from the S proteins of MHV, SARS-CoV, MERS-CoV, and HCoV-NL63 all show 
the three longer HR1 helices forming a central, coiled-coil core. Arrayed around this, in an 
antiparallel orientation, the three shorter HR2 helices pack into the grooves between the HR1 
monomers via hydrophobic interactions.**? The high-resolution cryo-EM model of the MHV 
postfusion S2 trimer*’® depicts a 180-A-long cone-shaped structure (taller than the entire 
prefusion S1/S2 ectodomain) with the six-helix bundle at its apex. Notably, the multiple a- 
helices that make up HR1 and adjacent regions in each monomer of the prefusion structure*”° 
have refolded into unusually long single helices in the central coiled coil of the postfusion 
structure. 


Expression of the Replicase—Transcriptase Complex 


Following delivery of the viral nucleocapsid to the cytoplasm, the next event of infection is 
the translation of the replicase gene from genomic RNA. This gene consists of two large 
ORFs, rep 1a and rep 1b, which share a small region of overlap (Fig. 10.4). Translation of the 
entire replicase depends upon a mechanism called ribosomal frameshifting, whereby, with 


some probability, a translating ribosome shifts one nucleotide in the —1 direction, from the 
rep 1a reading frame into the rep 1b reading frame.*®! This repositioning is programmed by 
two RNA elements (Fig. 10.6A), embedded near the region of overlap, which were 
discovered in studies of IBV.*? The first element is a heptanucleotide slippery sequence, 5’- 
UUUAAAC -3’', which is identical for all known coronaviruses and has apparently been 
selected as optimal for its role.*** The second element, located a short distance downstream 


of the slippery sequence, is an extensively characterized RNA pseudoknot structure.°° This 
latter component was initially thought to be a classic H-type pseudoknot, but analyses of 
SARS-CoV frameshifting support a more elaborate structure that includes a third stem-loop 
(SL) within pseudoknot loop 2.27 
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FIGURE 10.6 Coronavirus replicase gene and protein products. A: Ribosomal 
frameshifting elements of the SARS-CoV replicase gene,?43 Pseudoknot stems 
are indicated as s1, s2, and s3. B: Polyprotein pp1a and pp1ab processing scheme 
for alpha- and betacoronaviruses. The gammacoronavirus processing scheme is 
identical, except for the absence of nsp1. Known functions and properties of 
nsp1 to nsp16 are listed; nsp11 is an oligopeptide generated when ribosomal 
frameshifting does not occur. Transmembrane domains in nsp3, nsp4, and nsp6 
are indicated by red vertical lines.29°»29 C: Schematic of the three membrane- 


bound replicase components. Known functions of modules of nsp3 are listed.2°9 


Modules not found in all coronaviruses are shown in gray; in coronaviruses with 
a single PLpro, its position is that of PLpro2. D: The RNA packaging signal (PS) 


located in the nsp15-encoding region of the MHV genome.’’ This element is 
found only in a subset of the betacoronaviruses (MHV, betacoronavirus 1, and 
HCoV-HKU1); repeat units are boxed. 


The two elements act together to produce the coterminal polyproteins ppla and pplab. 
During most rounds of translation, the elongating ribosome unwinds the pseudoknot, and 
translation terminates at the rep 1a stop codon, yielding the smaller product, ppla. In some 
fraction of the time, however, the pseudoknot blocks the mRNA entrance channel of the 
ribosome.*°! This allows the simultaneous slippage of the P- and A-site tRNAs into the rep 
1b reading frame, resulting in the synthesis of pplab. It is not clear whether slippage is 
brought about by pausing required for the ribosome to melt out the mRNA structure*? or 
without pausing, by mechanical deformation of the P-site tRNA.!%°°°! Studies of reporter 
gene expression suggest that the incidence of coronaviral ribosomal frameshifting is as high 
as 25% to 30%°°! and an estimate of the in vivo frequency in infected cells accords with this 
high rate.!°° The role of programmed frameshifting is thought to be to provide a fixed ratio 
of translation products for assembly into a macromolecular complex.*“* It is also possible 
that frameshifting frequency is regulated to forestall expression of the enzymatic products of 
rep 1b until a suitable environment for RNA synthesis has been prepared by the products of 
rep la. 

Polyproteins ppla (402-502 kDa) and pplab (700-811 kDa) are autoproteolytically 
processed into mature products that are designated nsp1 to nsp16 (except in the gamma- and 
deltacoronaviruses, which do not have a counterpart of nsp1)*°° (Fig. 10.6B). Processing also 
generates many long-lived partial proteolytic products, which may have functional 
importance. There are two types of polyprotein cleavage activity. One or two papain-like 
proteases (PLpro), which are situated within nsp3, carry out the relatively specialized 
separations of nsp1, nsp2, and nsp3.7°° Many PLpro also have deubiquitinase activity, which 
can block some host antiviral defenses. The main protease (Mpro), nsp5, performs the 
remaining 11 cleavage events.!°*9° Mpro is often designated the 3C-like protease (3CLpro) 
to point out its distant relationship to the 3C proteins of picornaviruses. Because of their 
pivotal roles early in infection, PLpro and Mpro present attractive targets for antiviral drug 
design.288.467 


The processed nsps assemble to form the coronavirus replicase, which is also called the 
replicase—transcriptase complex (RTC).°°° The challenge of defining the roles of the many 
nsp components of the RTC was initially addressed by foundational studies in 
bioinformatics,'°**°’ a discipline that continues to inform the analysis of this intricate 
molecular machinery.*44°°979* Besides PLpro and Mpro, the products of rep 1a contain 
several activities that establish cellular conditions favorable for infection. Some of these are 


directly linked to RNA synthesis. Others are nonessential for viral replication in tissue 
culture, but they can have major effects on virus—host interactions (see Immune Response and 
Viral Evasion of the Immune Response). The very first polyprotein product, nsp1, exhibits a 
broad set of antagonistic activities that selectively inhibit host gene expression.°°° For 
different viruses, this is accomplished by diverse mechanisms, some of which operate by 
nsp1 associating with the small ribosomal subunit and recruiting a cellular endonuclease that 
cleaves host mRNAs. As yet, no function has been demonstrated for the next polyprotein 
product, nsp2.°°° 


Nsp3 is by far the largest of the RTC proteins. It consists of a concatenation of individual 
structural modules that are arranged as globular domains separated by flexibly disordered 
linkers?*©°09 (Fig. 10.6C). At the amino terminus of nsp3 are a ubiquitin-like domain (Ubl1) 
and a hypervariable acidic region (Ac). Ubl1 interacts with the SR region of the N 
protein, !®°-!87,04 and it is proposed that this interaction tethers the genome to the assembling 
RTC, in order to allow formation of the initiation complex for RNA synthesis. Also located 
within nsp3, as noted above, are one or two PLpro modules. Downstream of the Ac region or 
PLprol, all coronaviruses contain a conserved macrodomain (Mac1). Mac1 exhibits ADP- 
ribose-1"-phosphatase (ADRP) activity, but recent work suggests that its physiologically 
relevant role is as an ADP-ribose-protein hydrolase.*°?! Although Mac1 is nonessential for 
viral replication, it is critical for in vivo pathogenesis.!*° At the carboxy terminus of nsp3 is a 
highly conserved region, designated the Y domain, containing three metal-binding clusters of 
cysteine and histidine residues.°°°.°” The functions of other domains of nsp3 (Mac2, Mac3, 
DPUP, NAB, and G2M),?*°209.392 which appear only in various subsets of coronaviruses, 
remain to be elucidated. 


Notably, the rep 1a products nsp3, nsp4, and nsp6 each contain multiple transmembrane 
helices that anchor the RTC to intracellular membranes (Fig. 10.6C).?°*° These proteins are 
responsible for remodeling membranes to form organelles that are dedicated to viral RNA 
synthesis.2°° Cryoelectron tomographic imaging has revealed an extensive network of 
convoluted membranes, double-membraned vesicles (DMVs), and vesicle packets, all 
continuous with the ER, that are induced by coronavirus infection*!° (Fig. 10.7). Formation 
of these structures requires expression of nsp3, nsp4, and possibly also nsp6.'°**4 Apposition 
of paired membranes in DMVs may be promoted by interactions between the lumenal loops 
of nsp3 and nsp4.'°* Anchorage and compartmentalization of the RTC is thought to provide a 
scaffold for recruitment of soluble nsps, to offer protection from ribonucleases, and to 
sequester double-stranded viral RNA intermediates and other molecular signatures that can 
activate host innate immunity (see Immune Response and Viral Evasion of the Immune 
Response). 


FIGURE 10.7 Membranous compartments for RNA replication and transcription 
induced by coronavirus infection. Shown is a cryoelectron tomographic 
reconstruction of the network of intracellular membrane rearrangements found in 
SARS-CoV-infected Vero cells. The three types of structures are convoluted 
membranes (CM), which are the major sites of nsp accumulation; double- 
membraned vesicles (DMVs), which appear to be the sites of active RNA 
synthesis; and vesicle packets (VP), which are formed by the merger of DMV. 


(From Knoops K, Kikkert M, Worm SH, et al. SARS-coronavirus replication is 
supported by a reticulovesicular network of modified endoplasmic reticulum. 
PLoS Biol 2008;6:e226.) 


The most carboxy-terminal products of pp1a are a cluster of essential small proteins, nsp7 to 
nsp10,!*!°93 that act as regulatory subunits for components generated further downstream. 
The processed products encoded by rep 1b contain a collection of well-studied enzymatic 
activities, including many that are common to all positive-strand RNA viruses. Most 
prominent in the latter class is the coronavirus RNA-dependent RNA polymerase (RdRp), 
which is contained in nsp12. In vitro expression and characterization of nsp12 RdRp activity 
has been difficult, and there is not complete agreement among the results of different 
biochemical studies of this enzyme.°*’ Addition of nsp7 and nsp8 has been shown to greatly 
enhance RNA binding by nsp12 and to potentiate its polymerase activity and processivity.*” 
Consistent with this, a structure of nsp12 in complex with nsp7 and nsp8 has very recently 
been determined.*!° The coronavirus RdRp contains the finger, palm, and thumb domains 
characteristic of many viral polymerases and most closely resembles the RdRps of 
picornaviruses. In this model, a heterodimer of nsp7 and nsp8 is seen to bind to the RdRp 
thumb domain, forming interfaces with nsp12 that are supported by previous mutagenesis 
studies.4°” Additionally, nsp12 has an unusually large amino-terminal domain, unique to the 
order Nidovirales, named nidovirus RdRp—associated nucleotidyltransferase (NiIRAN), which 
appears able to form monophosphate adducts with either GTP or UTP.7“4 Evidence has been 
presented both for primer-dependent and de novo initiation of RNA synthesis by nsp12 alone 
or by the nsp12-nsp7-nsp8 complex.°?? A strong candidate for a prospective primase is nsp8, 
which, in some reports, possesses independent RdRp activity capable of synthesizing short 
RNA oligomers.**” Alternatively, protein priming is one speculative role for the nsp12 
NiRAN activity. 


Another enzyme crucial to RNA synthesis is nsp13, a helicase falling in superfamily 1.'°4 


In vitro, nsp13 has RNA-stimulated NTPase activity and unwinds RNA duplexes in the 5’-to- 
3' direction,!° but its exact in vivo role remains to be established.°°° A multinuclear zinc- 
binding domain (ZBD) at the amino terminus of nsp13 governs helicase activity**° and may 
also mediate interactions with other molecular partners.'°’ Like the NIRAN domain of nsp12, 
the ZBD of nsp13 is a unique marker of nidoviruses. 

In common with many RNA viruses, coronaviruses produce machinery to catalyze 
multiple steps of the pathway for synthesis of the 5'-terminal cap structure of mRNA.°78°93 
RNA 5’-triphosphatase, required for the first step of capping, is likely provided by nsp13, 
which possesses this in addition to its helicase and NTPase activities.!%° Intriguingly, the 
guanylyltransferase needed for the next step has thus far not been identified among the nsps, 
and it cannot be ruled out that this enzyme is appropriated from the host. For the final cap 
modifications, the nsp1l4 carboxy terminus and nsp16, respectively, harbor N7- 


methyltransferase and 2'-O-methyltransferase activities.’~!'* These enzymes operate in an 
obligatory sequential manner, with guanosine N7 methylation preceding ribose 2'-O- 
methylation. Activation of the nsp16 methyltransferase requires nsp10 as a cofactor, and the 
crystal structure of a heterodimer of these two proteins suggests that nsp10 serves as a 
platform to stabilize nsp16.°”8 


Finally, there are two rep 1b—encoded activities that are not found outside the order 
Nidovirales'>**9*°9°, surprisingly, both are ribonucleases. The first is an endonuclease, 
designated NendoU, which resides in nsp15. NendoU hydrolyzes both single- and double- 
stranded RNA and specifically cleaves downstream of uridylate residues, producing 2'-3' 
cyclic phosphates.!**!9* Although it bears homology to XendoU, an enzyme involved in 
snoRNA processing and remodeling of the ER, the role of NendoU in coronavirus RNA 
synthesis, if any, is far from clear. However, NendoU catalytic mutants are profoundly 
attenuated due to activation of host innate immunity.!** The second atypical activity is ExoN, 
a 3'-5’ exonuclease that is contained in the amino-terminal portion of nsp14.° Interestingly, 
the ExoN activity of nsp14 (but not the N7-methyltransferase) is stimulated by nsp10, and 
the nsp10-nsp14 complex is most active on a double-stranded RNA substrate with a 3'-end 
mismatch.*® Moreover, nsp14 associates in vitro with the nsp7-nsp8-nsp12 RNA polymerase 
complex.*°” ExoN is not essential for viral replication, but nsp14 mutants have a greatly 
enhanced mutation rate.!*? All of these properties support the model that ExoN provides a 
proofreading function for the coronavirus RdRp. Such a corrective activity may be essential 
for maintenance of the stability of the exceptionally large coronavirus genome. 


Viral RNA Synthesis 


Expression and assembly of the RTC sets the stage for viral RNA synthesis (Fig. 10.5), a 
process resulting in the replication of genomic RNA and the transcription of multiple 
subgenomic RNAs (sgRNAs).*°! The latter species serve as mRNAs for the genes 
downstream of the replicase gene. Each sgRNA consists of a leader RNA of 70 to 100 
nucleotides, which is identical to the 5’ end of the genome, joined to a body RNA, which is 
identical to a segment of the 3’ end of the genome. The fusion of the leader RNA to body 
RNAs occurs at short motifs called TRSs, examples of which are listed in Figure 10.8. Like 
the genome, the sgRNAs have 5’ caps and 3’ polyadenylate tails. Together, these transcripts 
form a 3'-nested set, the single most distinctive feature of the order Nidovirales.'°* Synthesis 
of both genomic RNA and sgRNAs proceeds through negative-strand intermediates.*!°”7 
The negative-sense RNAs, which possess 5’ oligouridylate tracts*°* and 3’ antileaders,°”° are 
roughly a 10th to a 100th as abundant as their positive-sense counterparts. 
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FIGURE 10.8 Coronavirus RNA synthesis. Shown are a schematic of MHV 
genomic RNA and the nested set of transcribed subgenomic RNA (sgRNA) 
species that are a defining feature of the order Nidovirales. The leader and body 
copies of the transcription-regulating sequence (TRS-L and TRS-B, respectively) 
are denoted by green boxes. At the left are listed examples of consensus TRSs 
for representative viruses of each genus. Expanded regions above the genome 
depict cis-acting RNA structures at the genome termini. The structures shown are 
those characterized for MHV. Homologous structures exist in the BCoV and 
SARS-CoV genomes, and counterparts of some of these elements appear in other 


278,466 The 5’ expanded region represents the 210-nt 5’ UTR and 


the first 281 nt of the rep 1a gene.*©© The elements shown are eight stem—loops 
(SL); TRS-L is denoted in green; the start codon of rep 1a is boxed in SL5a. The 


coronaviruses. 


3’ expanded region represents the 301-nt 3’ UTR.*°? The elements shown are the 
bulged stem—loop (BSL), the pseudoknot (PK), the hypervariable region (HVR), 
and the conserved coronavirus octanucleotide motif (oct); the stop codon for the 
upstream N gene is boxed. 


At their 5’ and 3’ termini, coronavirus genomes contain cis-acting RNA elements that allow 
their selective recognition as templates for the RTC and play essential roles in RNA synthesis 
(Fig. 10.8). The initial localization of these elements was carried out in studies of defective 
interfering (DI) RNAs, which are extensively deleted genomic variants that propagate by 
competing for the viral RNA synthesis machinery. Manipulations of natural and artificially 
constructed DI RNAs, evaluated by transfection into helper virus—infected cells, made 
possible the mapping of sequences that are critical for the replication and transcription of DI 
RNA and, presumably, also for genomic RNA.7®! More recently, cis-acting RNA elements 
have been dissected through reverse genetics of the intact viral genome, complemented by in 
vitro biochemical and structural analyses.*7°%4° 


The most completely characterized 5’-terminal structures are those of the 
betacoronaviruses MHV and BCoV (Fig. 10.8), although structural and functional 
counterparts of some of these are found in SARS-CoV and in the alphacoronaviruses HCoV- 
229E and HCoV-NL63.7”87”9 For MHV and BCoV, the elements that participate in viral 
RNA synthesis extend beyond the 5’ untranslated region (5’ UTR) into the replicase coding 
region, making up a series of at least eight SL.!°°-4°° One of these sequesters the start codon 
of the rep 1a gene within its stem and joins with two other SLs in a four-way junction formed 
by a long-range interaction between the 5' UTR and the nsp1-coding region.'°’ Mutations or 
deletions in many of these elements have been found to debilitate or kill the virus or to 
abrogate DI RNA replication. Many, but not all, of these structures can be exchanged among 
the genomes of different betacoronaviruses.'©?'%° Significantly, functional analyses have 
shown that either the stability'°?!©° or the instability*°* of a given RNA stem can be critical 
for viral fitness, suggesting that these structures operate in a dynamic manner during RNA 
synthesis. 


At the 3’ end of the genome, cis-acting RNA structures are confined entirely to the 3’ 
UTR"? and, again, have been most thoroughly studied in MHV and BCoV. These elements 
consist of a bulged stem-loop (BSL)**! and an adjacent pseudoknot? (Fig. 10.8) that have 
each been demonstrated to be essential for viral replication. The identical structures appear in 
other betacoronaviruses and are functionally interchangeable between MHV and either 
BCoV~®! or SARS-CoV.!°° The same structures are also found in the 3’ UTRs of the 
deltacoronaviruses; however, alpha- or gammacoronaviruses possess only counterparts of the 
pseudoknot or the BSL, respectively.!°°.*7® Further downstream in the betacoronavirus 3’ 
UTR is a hypervariable region, which is completely dispensable for viral replication but yet 
harbors an octanucleotide motif, 5'--GGAAGAGC-3’, that is almost universally conserved in 


coronaviruses.'*° Notably, the BSL and the pseudoknot partially overlap, and they therefore 
cannot fold up simultaneously. The two structures are thus thought to constitute a molecular 
switch between different steps of RNA synthesis.‘“? In addition, the first loop of the 
pseudoknot forms a duplex with the extreme 3’ end of the genome and genetically interacts 
with the RTC subunits nsp8 and nsp9.*°? On this basis, a model has been proposed in which 
alternate RNA conformations of the 3’ UTR facilitate the transition between initiation of 
negative-strand RNA synthesis by the nsp8 primase and elongation by the nsp12 RdRp. 
However, this scheme does not yet incorporate potential cross talk between the 5’ and 3’ ends 
of the genome,*°* and much remains to be learned about how cis-acting RNA elements are 
recognized by, and cooperate with, the RTC. 


A central issue in coronavirus RNA synthesis is how the leader RNA becomes attached to 
the body segments of the sgRNAs. It became clear from early work that transcription 
involves a discontinuous process.*°! UV transcriptional mapping demonstrated that sgRNAs 
are not processed from a genome-length precursor, and mixed infections with two different 
strains of MHV showed that leader RNAs could reassort between separate sgsRNA body 
segments. It was also clearly established by DI RNA studies, and later confirmed by genomic 
reverse genetics,*”° that the TRSs play key roles in sgRNA formation. The efficiency of 
fusion at an individual body TRS (TRS-B) is, in part, governed by how closely it conforms to 
the leader TRS (TRS-L).°°° Nonetheless, factors such as the local sequence context of the 
TRS, the position of the TRS relative to the 3' end of the genome, and long-distance RNA-— 
RNA interactions can also profoundly influence transcription levels. 


It is now recognized that the leader-to-body fusion event takes place through a 
mechanism of discontinuous extension of negative-strand RNA synthesis.°”°*°° In this 
model, both genomic and subgenomic negative-strand RNAs are initiated by the RTC at the 
3’ end of the (positive-strand) genome template (Fig. 10.9). A pause in RNA synthesis occurs 
when the RdRp crosses a TRS-B. At this point, the RdRp may continue to elongate the 
growing negative strand. Alternatively, it may switch to the leader at the 5’ end of the 
genome template, guided by the complementarity between the 3’ end of the nascent negative 
strand and the TRS-L of the genome. The resulting negative-strand sgRNA, in partial duplex 
with positive-strand gRNA, then serves as the template for synthesis of multiple copies of the 
corresponding positive-strand sgRNA. 
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FIGURE 10.9 Coronavirus transcription through discontinuous extension of 
negative-strand RNA synthesis. A, B:Negative-strand sgRNA synthesis initiates 
at the 3’ end of the positive-strand genomic RNA template. In the version of the 
model shown here, the genomic template loops out in such a way as to allow a 
component of the RTC to constantly monitor the potential complementarity of 
the 3’ end of the nascent negative-strand RNA with the TRS-L. C: Transcription 
pauses at a TRS-B. At this point, elongation may resume, thereby bypassing the 
TRS-B. D: Alternatively, the nascent negative strand may switch templates, 
binding to the TRS-L. E: Resumption of elongation results in completion of 
synthesis of an antileader-containing negative-strand sgRNA. F: The resulting 
complex of genome and negative-strand sgRNA acts as template for the 
synthesis of multiple copies of the corresponding positive-strand sgRNA. 
(Adapted from Zuniga S, Sola I, Alonso S, et al. Sequence motifs involved in the 
regulation of discontinuous coronavirus subgenomic RNA synthesis. J Virol 
2004;78:980-994.) 


Leader-to-body fusion during negative-strand synthesis is amply supported by accumulated 
experimental results both with coronaviruses and the closely related arteriviruses. First, as 


necessitated by the model, negative-strand sgRNAs contain antileaders at their 3’ ends.*”° 


Second, in infected cells, there exist transcription intermediates containing negative-strand 
sgRNAs in association with the genome. These complexes actively participate in 
transcription?!"°? and can be biochemically separated from replication intermediates 
containing genome-length negative-strand RNAs.°”* Finally, as would be predicted for 
discontinuous negative-strand synthesis, engineered (or naturally occurring) variant 
nucleotides incorporated into the TRS-B, rather than the TRS-L, end up in the leader—body 
junction of the resulting sgRNA.**?42849° There remains, however, considerable further 
work to be done to elucidate the details of the model. It is not clear how the transcribing 
RdRp might continuously monitor the ability of its nascent product to base-pair to the TRS- 
L. Additionally, the synthesis of genome-length negative strands would require the RdRp to 
bypass all of the TRS-B sites in the genome template. This may come about through a 
stochastic process, or it may be actively promoted by some RTC component or by N 
protein*®? under certain conditions. These and other questions will need to be addressed, 
possibly with the aid of a robust in vitro viral RNA synthesizing system.**’ Such a system 
would also be decisive in assessing the potential roles of host factors in transcription and 
replication. A number of cellular proteins that bind in vitro to genomic RNA segments, 
including hnRNP A1, polypyrimidine tract—binding protein, and polyadenylate-binding 
protein, have been proposed to take part in coronavirus RNA synthesis.*°'°47°°> However, it 
has been difficult to convincingly demonstrate their specific involvement in viral processes. 
As yet, only a single candidate host factor has been shown to be required for in vitro viral 
RNA synthesis.*7 


In addition to its central role in sgRNA formation, template switching is also at the heart 
of RNA recombination, another prominent feature of coronavirus RNA synthesis. Significant 
rates of both homologous and nonhomologous RNA recombination have been found among 
selected and unselected markers during the course of infection.*°! It is presumed, but remains 
to be formally demonstrated, that coronavirus RNA recombination results from a copy-choice 
mechanism. In MHV, recombination has been shown to take place at an estimated frequency 
of 1% per 1.3 kb (almost 25% over the entire genome), the highest rate observed for any 
RNA virus.2? On a fine scale, the sites of crossover are random,*’ although selective 
pressures can generate the appearance of local clustering of recombinational hot spots. This 
facility for RdRp strand-switching may make a major contribution to the ability of the huge 
coronavirus genome to circumvent the accumulation of deleterious mutations. It may also 
serve as a driver of evolution by horizontal gene transfer!®**’° (see Basic and Accessory 
Genes). 


Assembly and Release of Virions 


The immediate outcome of transcription is to enable translation of the proteins that build 
progeny viruses. The membrane-bound proteins M, S, and E are initially inserted into the ER, 
and from there, they transit to the site of virion assembly, the endoplasmic reticulum—Golgi 
intermediate compartment (ERGIC). Here, nucleocapsids composed of progeny genomes 
encapsidated by N protein coalesce with the envelope components to form virions, which bud 


into the ERGIC'*!”% (Fig. 10.5). 


Coronavirus assembly occurs through a network of cooperative interactions, most of 
which involve M protein. However, despite its central role, M is not assembly-competent by 
itself. Expression of M protein alone does not result in virion-like structures, and M traverses 
the secretory pathway beyond the budding site, as far as the trans-Golgi.'’+7’°*9 The first 
virus-like particle (VLP) systems developed for coronaviruses led to the key finding that 
coexpression of E protein with M protein is sufficient to yield the formation of particles that 
are released from cells and appear morphologically identical to coronavirus envelopes.*°*7 
More recently, it has been shown that the additional coexpression of N protein substantially 
increases the efficiency of VLP formation**’°° and can even compensate for mutational 
defects in M.*° Other viral structural proteins, in particular S protein, are gathered into 
virions but are not specifically required for the assembly process. Since virions and VLPs 
contain very little E protein, this indicates that lateral interactions between M molecules 
provide the driving force for envelope morphogenesis. Investigations of the ability of M 
protein mutants to support VLP assembly concluded that M—M interactions occur via 
multiple contacts throughout the molecule, especially between the transmembrane 
domains.'!* Cryoelectron tomographic reconstructions of whole virions suggest that the M 
protein forms dimers that are maintained through multiple monomer—monomer contacts, 


while dimer—dimer interactions occur among the globular endodomains.*!° 


It is incompletely understood how E protein critically assists M in envelope formation. E 


protein localizes to the ERGIC and cis-Golgi®®*!>-*°° and somehow secures localization of M 
protein at the budding site. Some evidence suggests that E protein promotes assembly by 


inducing membrane curvature.!’”*“°* Other work indicates a role for E in maintaining M 
protein in an assembly-competent state by preventing its nonproductive aggregation, a 


function that is crucially dependent on palmitoylation of E.** Such a chaperone-like role 
would be consistent with demonstrations that diverse heterologous E proteins, and even 


truncated versions of M protein, can functionally replace E protein in MHV.272234 
Additionally, there are reports that point to a need for E protein to facilitate the release of 


virions from infected cells.2°° These multiple roles are not mutually exclusive, and 
mutational studies have begun to assign individual functions to various regions of the E 
molecule. The carboxy-terminal endodomain of the IBV E protein has been shown to govern 


Golgi localization°®’’ and, when linked to a heterologous transmembrane domain, can 


support VLP and virion assembly.*°° Conversely, the transmembrane domain of IBV E 
disassembles the Golgi complex in a manner that promotes release of infectious virus, but it 


is unclear whether this is a general property of other coronavirus E proteins.*™ It is also 
presently unresolved which roles of E protein correlate with its state of oligomerization or 


require its function as an ion channel.*!74“6 

The dispensability of S protein for VLP formation is consistent with earlier observations 
that spikeless (noninfectious) virions were formed by infected cells treated with the 
glycosylation inhibitor tunicamycin!”°°° or by cells infected with particular S mutants.*”4 S 


protein thus appears to play a passive role in assembly, but during its passage through the 
secretory pathway, it is captured by M protein for virion incorporation.‘ For some S 
proteins, localization at or near the budding compartment is abetted by targeting signals 
contained in the endodomain.*** The cysteine- and charge-rich S endodomain is also the 
region of the protein that interacts with M during assembly*?*°? (Fig. 10.3). The locus of M 
protein that reciprocally interacts with S has yet to be precisely mapped.!”4 

Virion assembly is completed by condensation of the nucleocapsid with the envelope 
components. This is brought about principally by N and M protein interactions, which have 
been mapped, respectively, to the carboxy-terminal domain 3 of N!®°4° and to the carboxy 
terminus of the M endodomain!*°7*! (Fig. 10.3). These interacting regions likely account for 
the thread-like connections that have been visualized between the M protein endodomain and 
the nucleocapsid in virion reconstructions.*®7!° Nucleocapsid formation is presumed to be 
concomitant with genome replication, but the details of how the nucleocapsid traffics to the 
budding compartment are not known. It is also only partially understood how coronaviruses 
selectively package genomic RNA from among the many positive- and negative-strand viral 
RNA species that are synthesized during infection. For MHV, DI RNA analyses mapped the 
genomic PS to a small span of RNA sequence embedded in the region of the replicase gene 
that encodes a surface loop of nsp157°! (Fig. 10.6D). Highly homologous structures exist in 
the genomes of the related betacoronaviruses BCoV and HCoV-HKU1.’”°” However, the 
PSs for most coronaviruses, including the betacoronaviruses SARS-CoV and MERS-CoV, 
are clearly not situated at the same locus.*** The only other mapped PS, that of the 
alphacoronavirus TGEV, falls near the 5’ end of the genome.!°*??° The mechanism by which 
MHV packaging operates is undetermined. Some work demonstrates that M protein, in the 
absence of N, acts as the discriminatory factor for PS recognition.°!°°* Other studies have 
shown that the MHV PS is specifically bound by N protein in vitro®’*°° and that PS 
recognition during infection requires a coordinated interaction of both the CTD and domain 3 
of the N protein.**°° Unexpectedly, it has also been found that selective genomic RNA 
packaging is required for MHV evasion of the innate immune response.** 


Following assembly and budding, progeny virions are exported from infected cells by 
transport to the plasma membrane in smooth-walled vesicles and are released by exocytosis. 
This is currently a poorly characterized stage of the replication cycle. It remains to be more 
clearly defined whether coronaviruses follow the constitutive pathway for post-Golgi 
transport of large cargo or, alternatively, if specialized cellular machinery must be diverted 
for their exit.'’* The ion channel property of E protein has been implicated in this process, 
but many further details await elucidation.2°® 


For some coronaviruses, contingent upon the nature of S endodomain intracellular 
retention signals,**° a fraction of S protein that has not been assembled into virions transits to 
the plasma membrane. Here, S can mediate fusion between infected cells and adjacent, 
uninfected cells. This cell-cell fusion depends upon S1/S2 cleavage late in infection (see 
Viral Entry and Uncoating) and occurs by a mechanism distinct from that of virus—cell 


fusion.'©? The resultant formation of large, multinucleate syncytia enables the rapid spread of 
infection by a route that does not rely on an extracellular phase of completely assembled 
virions. 


PATHOGENESIS AND PATHOLOGY OF 
CORONAVIRUS INFECTIONS 


General Principles 


Most coronaviruses spread to susceptible hosts by respiratory or fecal—oral routes of 
infection, with replication first occurring in epithelial cells (Table 10.3). Some, including 
HCoV-O0C43, HCoV-229E, HCoV-NL63, HCoV-HKU1, and PRCOoV, replicate principally in 
respiratory epithelial cells, where they produce virus and symptoms confined to the URT. 
Other coronaviruses, including TGEV, BCoV, PHEV, CCoV, FCoV, and enteric strains of 
MHYV, infect epithelial cells of the enteric tract. Some of these viruses, such as TGEV, PEDV, 
and porcine deltacoronavirus (PDCoV), cause diarrhea that is particularly severe, and 
sometimes fatal, in young animals.!%°:7*° Inapparent enteric infection of adult animals 
maintains the virus in the population.®® In addition to local infection of the upper respiratory 
or enteric tracts, several coronaviruses cause severe disease. For example, SARS-CoV and 
MERS-CoV spread from the upper airway to cause a severe lower respiratory tract infection, 
while FIPV spreads systemically to cause a generalized wasting disease in felines.2?1!°%:414 
Rat coronavirus strains cause respiratory infection or sialodacryoadenitis due to infection of 
the salivary and lacrimal glands**’ but can also interfere with reproduction by infecting the 
female urogenital tract. PHEV of swine predominantly causes enteric infection but is also 
neurotropic.*°* Infection spreads to nerves that innervate the stomach of infected piglets and 
prevents gastric emptying, resulting in vomiting and wasting disease. The ability to cause 
localized versus systemic disease is mirrored in polarized tissue culture cells. Thus, 
coronaviruses such as mouse hepatitis virus, which can cause systemic disease, enter the 
apical side of cells and exit the basolateral side, whereas others, like HCoV-229E or SARS- 
CoV, which cause infection largely localized to the respiratory tract, enter and exit the cell 
apically.°° In contrast, MERS-CoV enters and exits via both the apical and basolateral sides 
even though it causes mostly respiratory tract disease.*!* 


TABLE 10.3 Representative coronaviruses and associated diseases 


Alphacoronaviruses 


CCoV Canine 
FeCoV Felidae 
FIPV Felidae 
HCoV-229E Human 
HCoV-NL63 Human 
PEDV Swine 
TGEV Swine 
BatCoV Bat 
Rabbit CoV Rabbit 
SADS-CoV Swine 
Betacoronaviruses 
BCoV Bovine, ruminants 
HCoV-OC43 Human 
HCoV-HKU1 Human 
MHV Mouse, rat 
PHEV Swine 
RCoV Rat 
SARS-CoV Human 
MERS-CoV Camel, human 
BatCoV Bat 
Gammacoronaviruses 
IBV Chicken 
TuCoV Turkey 
BWCoV Beluga whale 
Deltacoronaviruses 
ThCoV Thrush 
PDCoV Swine 


4,11 virus abbreviations as in Table 10.1. 


G| tract 

GI tract, respiratory 
Systemic disease 
Respiratory 

Respiratory 

G| tract 

GI tract, respiratory 

Gl tract, respiratory 
Heart, Gl tract, respiratory 
GI tract 


G] tract, respiratory 


Respiratory 
Respiratory 


GI tract, liver, brains, lung 


Respiratory, brain 


Respiratory, salivary and lachrymal 


glands, urogenital tract 
Respiratory, Gl tract 
Respiratory tract 


GI tract, respiratory tract 


Respiratory, kidney 
GI tract 
Respiratory tract 


Respiratory, Gl tract 
GI tract 


Animal Coronavirus Infections 


Gastroenteritis 

Gastroenteritis 

Peritonitis, wasting disease 

Upper respiratory tract infection 

Upper respiratory tract infection, croup 
Gastroenteritis 

Gastroenteritis 

Unknown 

Enteritis, myocarditis 


Gastroenteritis 


Enteritis, upper and lower respiratory tract 
infection 


Upper respiratory tract infection 
Upper and lower respiratory tract infection 


Gastroenteritis, hepatitis, encephalitis, chronic 
demyelination 


Vomiting, wasting, encephalomyelitis 


Respiratory tract infection, metritis, 
sialodacryoadenitis 


Pneumonia (SARS) 
Pneumonia (MERS) 


Unknown 


Bronchitis, nephritis 
Gastroenteritis 


Pneumonia, hepatitis 


Unknown 


Gastroenteritis 


Several coronavirus infections have been extensively studied in their natural hosts. Here, we 


will focus on murine and feline coronavirus infections. 


Mouse Hepatitis Virus 


MHYV, which until the advent of SARS and MERS was the most widely studied coronavirus, 
causes enteric, hepatic, and neurological infections of susceptible strains of rodents. 
Remarkably, closely related strains of MHV, all of which use the same host cell receptor for 
entry,*°° infect different organs. Enteric strains, such as MHV-Y and MHV-RI, are a major 
problem in animal research facilities.2° These viruses spread within infected colonies to 
young, uninfected animals. They do not generally cause symptomatic disease but may subtly 


impair the host immune response to other pathogens and immunological stimuli.®® Studies of 
MHV pathogenesis predominantly use the neurotropic JHM and A59 strains of virus (JHMV 
and MHV-A59), in part because they cause a demyelinating encephalomyelitis with 
similarities to the human disease multiple sclerosis (MS). Originally isolated from a mouse 
with hind limb paralysis,*? JHMV became progressively more virulent on passage in mice, 
resulting in widespread neuronal infection.**° Subsequently, most studies have used either 
attenuated JHMV variants or the mildly neurovirulent MHV-A59 strain for studies of 
demyelination. Infection with these viruses results in minimal infection of neurons, with 
oligodendrocytes, microglia, and astrocytes commonly infected.*?' Myelin destruction is 
largely immune-mediated, occurring during virus clearance from infected glia.44+*°! Thus, 
irradiated mice or congenitally immunodeficient mice (mice with severe combined 
immunodeficiency [SCID] or with a disrupted recombination activation gene 1 [RAG1~“]) 
do not develop demyelination after JHMV infection. When these mice are reconstituted with 
virus-specific T cells, demyelination rapidly develops****°! (Fig. 10.10). Demyelination is 
accompanied by infiltration of macrophages and activated microglia into the white matter of 
the spinal cord. Both CD4 and CD8 T cells are required for virus clearance from the central 
nervous system (CNS), with CD8 T cells considered most important in this process. CD8 T 
cells eliminate virus from infected astrocytes and microglia by perforin-dependent pathways, 
while clearance from oligodendrocytes is IFNy-dependent.*°+*2” However, T-cell—mediated 
virus clearance is not complete, and antivirus antibody is required to prevent virus 
recrudescence.*°* Coronaviruses may become persistent. In one example, viruses mutated in 
an immunodominant CD8 T-cell epitope are selected, resulting in evasion of the cytotoxic T- 
cell immune response and persistence.**? Further, antivirus CD4 T cells, while critical for 
virus clearance, may also be immunopathogenic. Thus, infection with MHV mutated in an 
immunodominant CD4 T-cell epitope causes attenuated clinical disease, while enhancement 
of the antivirus CD4 T-cell response increases disease severity.’ 
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FIGURE 10.10 Immune-mediated demyelination in mice infected with a 
neurotropic MHV. RAG1/~ mice, lacking T and B cells, were either infected 


with a neurotropic coronavirus*©! (A-H) or uninfected (I,J). Four days later, 
some mice received adoptively transferred spleen cells from a wild-type C57B1/6 
mouse that was previously immunized intraperitoneally with MHV (A-D). All 
mice were sacrificed 8 days later and analyzed for demyelination (A,E,D, 
macrophage infiltration (B,F,J), viral antigen (C,G), and intact axons (D,H). 
Demyelination, macrophage infiltration, and axon destruction (A,B,D) were 
observed only in mice that received transferred MHV-immune cells showing that 
myelin destruction is largely mediated by T cells during the process of virus 
clearance (C). 


Other strains of MHV, including MHV-A59, MHV-2, and MHV-3, infect both the liver and 
the CNS. Most notably, MHV-3 causes a fulminant hepatitis in susceptible strains of mice 
and chronic neurological infections in semi-susceptible strains.*°' In susceptible strains, 
MHV-3 infects macrophages, resulting in upregulation of several proinflammatory cytokines, 
including IL-16 and fibrinogen-like protein 2 (FGL2), a transmembrane procoagulant 
molecule. Expression of FGL2 results in prothrombin cleavage, with consequent 
disseminated intravascular coagulation (DIC) and hepatic hypoperfusion and necrosis.°° 
Levels of FGL2 are better predictors of a fatal outcome than are virus titers. Like JHMV, 
MHV-3 also infects the CNS, but infection of this organ occurs only in strains that do not 


develop a fulminant hepatitis. MHV-3 does not cause a demyelinating disease, but rather, 
ependymitis, hydrocephalus, encephalitis, and thrombotic vasculitis.*°! The pathogenesis of 
these entities is not well studied but appears to be immune-mediated. Unlike most other 
strains of MHV, MHV-3 directly infects T and B cells, resulting in lymphocyte apoptosis and 
lymphopenia. Lymphopenia, with consequent immunosuppression, facilitates virus 
persistence and its immunopathological consequences. 


Feline Enteric Coronaviruses (FCoV) and FIPV 


FCoV commonly cause mild or asymptomatic infections in domestic cats and other felines. 
Two serotypes of FCoV are recognized, with serotype II strains arising by recombination of 
serotype I FCoV with canine coronavirus in dually infected animals.*!* In some cats infected 
persistently with FCoV, mutations in the virus occur, resulting in the development of a lethal 
disease called feline infectious peritonitis (FIP); the virulent strain of FCoV is termed FIPV. 
Virulence correlates with the ability of the virus to replicate in macrophages. The nature of 
the mutations required for transition from FCoV to FIPV is not well understood, although for 
serotype II viruses, virulence maps in part to the surface glycoprotein.*!* This was shown 
using reverse genetics, in which S proteins from virulent and avirulent strains were swapped 
and tested for their ability to cause severe disease in cats. FIPV causes a multiphasic disease 
with relapses that result, ultimately, in immunosuppression, weight loss, and death (Fig. 
10.11). Each episode is characterized by increased virus replication, fever, and 
lymphopenia.!°° FIPV does not directly infect lymphocytes. Rather, lymphopenia is believed 
to be a consequence of infection and activation of macrophages and dendritic cells. 
Subsequent lymphocyte depletion occurs when cells are exposed to high levels of 
proinflammatory cytokines, such as tumor necrosis factor, released by these infected cells. 
Virus dissemination occurs when infected macrophages traffic throughout the body and are 
deposited in the vasculature. Infected macrophages provoke a pyogranulomatous reaction, 
which is responsible for many disease manifestations of FIP, such as peritonitis and serositis. 
Another consequence of immune dysregulation is hypergammaglobulinemia. Antibody— 
antigen complex formation commonly occurs in FIPV-infected cats and may contribute to 
vascular injury.!?° However, its precise role in pathogenesis remains uncertain because it is a 
late manifestation of disease and may make only a minor contribution to disease progression. 
Infection of macrophages by FIPV is enhanced by neutralizing antibody directed against the 
S glycoprotein. Enhanced macrophage infection is mediated by virus entry through Fcy 
receptors. This phenomenon has been demonstrated in vitro using isolated macrophages and 
in cats that were previously immunized with vectors that express the S glycoprotein.**! 
Although the potential occurrence of antibody-enhanced disease has hindered vaccine 
development, it has never been demonstrated in the natural feline infection. In fact, cats 
infected with FCoV often develop only low antivirus neutralizing antibody titers.‘”° 
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FIGURE 10.11 Recurrent feline infectious peritonitis (FIP). FIPV, the etiologic 
agent of FIP, occurs in felines persistently infected with feline coronaviruses. 
Upper panels: Mutations in the S glycoprotein and the ORF3b and 7b proteins 
occur as virus gains the ability to replicate in macrophages. Infected 
macrophages serve to transport the virus to sites in the host distant from the 
initial infection. These infected cells also express several cytokines that are 
believed to contribute to T-cell apoptosis. Lower panel: Clinical disease is 
characterized by recurrent bouts of virus replication accompanied by fever and 
clinical disease. Lymphopenia subsequently occurs as disease progresses. The 
pattern of disease shown in the figure is representative of progressive disease, 


but the rate and extent of recurrence of virus replication and the rate of weight 
loss and of development of lymphopenia are variable from animal to animal. 
(Adapted from de Groot-Mijnes JD, van Dun JM, van der Most RG, et al. 
Natural history of a recurrent feline coronavirus infection and the role of cellular 


immunity in survival and disease. J Virol 2005;79:1036—1044.)!8 


Human Coronavirus Infections 


Human Coronaviruses, Other Than SARS-CoV and MERS-CoV, 
Associated with Respiratory and Enteric Disease 


Prior to 2003, HCoVs were primarily considered to be agents of URT disease and to cause 
little mortality. In general, while coronaviruses were readily isolated from infected birds and 
other animal species, and serially propagated in continuous cell lines, isolation of HCoVs 
from infected individuals was only rarely achieved. HCoV-229E and HCoV-OC43 were 
isolated from patients with URT infections in the 1960s.7°* There are striking differences in 
extent of genetic variability when isolates of HCoV-OC43 and HCoV-229E are compared. 
HCoV-229E isolated at geographically distinct locations show little evidence of variability.” 
In contrast, isolates of HCoV-OC43 from the same geographic area but isolated in different 
years show considerable sequence variations with emergence of novel recombinants.*°” The 
ability of HCoV-OC43 to tolerate mutations probably accounts for its ability to grow in 
mouse cells and infect the mouse brain as well as its ability to cross species (see 
Epidemiology). In contrast, HCoV-229E does not readily cross species and does not infect 
mice. Even in mice that are transgenic for expression of the HCoV-229E host cell receptor 
(hAPN), the virus does not readily grow or cause clinical disease.*°° 


Two new HCoVs were isolated from the respiratory tracts of patients in the post-SARS 
era. HCoV-NL63, which causes mild respiratory disease, displays homology with HCoV- 
229E. Phylogenetic analyses suggest that HCoV-NL63 and HCoV-229E diverged 
approximately 1,000 years ago.*°? A novel feature of HCoV-NL63 is that, unlike HCoV- 
229E, HCoV-NL63 does not use hAPN as a receptor. Rather, infection of cells is mediated by 
angiotensin-converting enzyme 2 (ACE2), the same molecule that is used by SARS-CoV, an 
unrelated betacoronavirus.!’*2°® However, unlike SARS-CoV, HCoV-NL63 does not use 
cathepsin L or require endosomal acidification to infect ACE2-expressing cells!®° and does 
not cause severe respiratory disease. HCoV-HKU1, isolated from an adult patient in Hong 
Kong with pneumonia, also generally causes mild respiratory disease.*”° 


A role for HCoVs in the etiology of the human disease MS was postulated, based on the 
ability of murine coronaviruses to cause chronic demyelinating diseases. Coronavirus-like 
particles have occasionally been detected in the CNS of patients with MS. HCoV-229E RNA 
was detected in about 44% (40 of 90) of human brains tested, with similar frequencies in 


brains from MS patients and patients who died from other neurological diseases or normal 
control subjects.** HCoV-OC43 sequences were detected in 23% (21 of 90) of the brains 
tested, with 36% incidence in brains from MS patients and 14% in that of controls. HCoV- 
OC43 has been associated with fatal encephalitis in a severely immunodeficient 11-month- 
old patient.*°° Together, these results are intriguing, but the role of non-SARS-CoV HCoVs 
in diseases outside the respiratory tract, especially in CNS diseases such as MS, requires 
further investigation. 


SARS-CoV Infections 


SARS-CoV, which causes severe respiratory disease, infects both upper airway and alveolar 
epithelial cells, resulting in mild to severe lung injury.*°* Virus or viral products are also 
detected in other organs, such as the kidney, liver, and small intestine, and in stool. Although 
the lung is recognized as the organ most severely affected by SARS-CoV, the exact 
mechanism of lung injury is controversial. Levels of infectious virus appear to diminish as 
clinical disease worsens, consistent with an immunopathological mechanism.**! However, 
this conclusion must be tempered because specimens were obtained from nasopharyngeal 
aspirates, not from the lungs or other organs. The SARS-CoV spike protein may also directly 
contribute to disease severity. Administration of the SARS-CoV S protein to mice with 
preexisting lung injury enhanced disease severity.**? ACE2 appears to have a protective role 
in animals with lung injury, and S protein may exacerbate disease by causing its 
downregulation. 


Pathological findings in patients who died from SARS were nonspecific. Cells in the 
upper airway were initially infected, resulting in cell sloughing but relatively little epithelial 
cell damage. However, virus rapidly spread to the alveoli, causing diffuse alveolar damage. 
This was characterized by pneumocyte desquamation, alveolar edema, inflammatory cell 
infiltration, and hyaline membrane formation (Fig. 10.12). Over time, alveolar damage 
progressed, eventually resulting in pathological signs of ALI (acute lung injury) and, in the 
most severe cases, ARDS (acute respiratory distress syndrome). Most notably, multinucleated 
giant cells, originating either from macrophages or respiratory epithelial cells, were detected 
in autopsy specimens. Although virus could be cultured from infected patients for several 
weeks, viral antigen was rarely detected in lung autopsy samples after 10 days 
postinfection.*!4 


FIGURE 10.12 Pathological changes in lungs of patients with SARS. Lung 
samples obtained on autopsy were examined for pathological changes following 
SARS-CoV _ infection. A-E:Hematoxylin and eosin stain showing the 
progression of SARS pneumonia. Early stages of the SARS infection show 
edema and early hyaline membrane formation (A), hyaline membrane formation 
(B), and increased inflammatory cell infiltration and pneumocyte hyperplasia 
(C). As the disease progresses, fibrotic changes become apparent (D). Late 
manifestations include obliteration of the alveolar volume by fibrous tissue, 
reactive pneumocytes, and inflammatory cells (E). F: Viral antigen is detected 
most prominently during early stages of the infection in macrophages and 
alveolar pneumocytes. (Figure kindly provided by Dr. John Nicholls, University 
of Hong Kong. Magnification: <100.) 


Like other coronaviruses, such as MHV and FIPV, SARS-CoV infects macrophages and 
dendritic cells, but unlike these two animal coronaviruses, it causes an abortive infection in 


these cells.’°74+°97 Several proinflammatory cytokines and chemokines, such as IP-10 
(CXCL10), MCP-1 (CCL2), MIP-1a (CCL3), RANTES (CCL5), MCP-2 (CCL8), TNF, and 
IL-6, are expressed by infected dendritic cells; many of these molecules were also expressed 


at elevated levels in the serum of SARS-CoV-infected patients.’ Lymphopenia and 
neutrophilia were detected in infected patients and were likely to be primarily cytokine 


driven.’”° A potentially confounding factor is that many SARS patients were treated with 
corticosteroids,*”° and steroids are a well-known cause of lymphopenia. 
Understanding the mechanism of SARS-CoV-—mediated human lung disease is 


impossible to address in patients since SARS has not recurred since 2004, necessitating the 
use of animal models. SARS-CoV infects several species of animals, including mice, ferrets, 


hamsters, cats, and monkeys,“0° but most of these animals develop either mild or no clinical 
disease, making them not useful for studies of lethal SARS. More useful for these studies 
was the isolation of rodent-adapted strains that cause severe disease in some strains of mice 
and rats.°°° Importantly, rodent-adapted strains cause an age-dependent increase in clinical 
severity,°°°*" paralleling the age-dependent severity observed in infected patients.!*° 
Animals with severe disease show pathological signs of ALI, increased levels of 
proinflammatory chemokines and cytokines, and diminished ‘T-cell responses. These 
observations suggest that immune dysregulation contributes to severe disease, paralleling 
pathological changes observed in infected humans. Elevated levels of type I interferon (IFN- 
I) were found in SARS patients with poor outcomes in the 2003 epidemic,°* but its role in 
outcomes was not clear. However, mice infected with a lethal dose of SARS-CoV were 
protected if IFN-I expression was genetically deleted or if IFN signaling was blocked with 
antibody, suggesting that IFN-I contributed to severe disease.”° 


MERS-CoV Infections 


MERS-CoV was first isolated in 2012 from a patient in the Kingdom of Saudi Arabia (KSA) 
with severe human respiratory disease.*’* MERS cases are confined to the Arabian peninsula 
and to travelers from the Middle East. In a notable example of the latter, a single patient who 
contracted MERS on the Arabian peninsula returned to South Korea, infecting 186 patients.*! 
In endemic areas, MERS-CoV appears to be periodically introduced into human populations 
from infected camels, which are considered the major if not the only zoonotic source of 
infection.°©° Similar to SARS, the infection begins in the URT with spread to the lower 
airway. Patients are most contagious after developing pneumonia. Less is known about 
pathological changes in MERS patients when compared to those with SARS, in large part 
because only a few autopsies have been performed.!*7!! Like SARS, the mortality rate in 
MERS is very high, but unlike SARS, a fraction of infected patients develop subclinical 
disease.*°'8° As in the SARS epidemic, health care workers taking care of MERS patients 
are at high risk of developing infection. The number of cases decreased substantially as 
improved infection control measures were introduced in hospitals and emergency rooms.!°? 


MERS-CoV primarily infects airway and epithelial cells and poorly infects human 
macrophages and conventional and plasmacytoid dendritic cells (pDCs). Infection of 
macrophages and dendritic cells results in a _ strong inflammatory molecule 
response.°’*422-482 Furthermore, MERS-CoV actively replicates in activated human T cells,°4 
which may contribute to poor immune responses and severe outcomes. Because of the small 
number of autopsy specimens, animal models of MERS are required for pathogenesis studies. 
MERS-CoV causes mild disease in experimentally infected camels, macaques, and rabbits 
but does not infect mice or rats.°° Notably, experimentally infected camels develop rhinitis 
with high virus titers,* consistent with their role in camel—camel and camel—human 
transmission. Mice become susceptible to MERS-CoV infection if the human receptor is 
provided exogenously, either by transfection with adenovirus expressing hDPP4,*”’ by 


transgenic expression of hDPP4,* or by replacement of mouse DPP4 with human DPP4 or a 
chimeric molecule.®°7°978 Serial virus passage resulted in a lethal disease, making these 
mice useful for pathogenesis studies.®°*°° Similar to SARS-CoV-—infected mice, mice with 
MERS developed pathological evidence of ALI, proinflammatory molecule expression, and 
diminished T-cell responses. 


Immune Response and Viral Evasion of the Immune Response 


As in most viral infections, both the innate and adaptive arms of the immune response are 
required for successful virus clearance and must be appropriate to minimize bystander 
immunopathological damage. One of the first steps in the host immune response to a 
coronavirus infection is the production of type 1 IFN (IFN-a/f). pDCs are the source for most 
IFN-a/6 produced in coronavirus-infected hosts, although other cells, such as macrophages, 
also express IFN.°°°! pDC expression of IFN is mediated by signaling through a TLR7- and 
IRF7-dependent pathway. The importance of IFN signaling in the initial immune response to 
coronaviruses was shown using mice defective in expression of the IFN-a/f receptor (IFNAR 
-),6L189 Infection of IINAR’ mice with mildly virulent strains of MHV results in rapid 
and uniformly fatal diseases. Additionally, the importance of the IFN response is also 
evidenced by the multiple IFN evasive mechanisms that coronaviruses employ, as described 
below. While the importance of the IFN response is well established, less is known about 
which specific IFN-stimulated genes (ISGs) are most critical for protection. RNase L, a well- 
described ISG, has a protective role in mice infected with MHV*”? or MERS-CoV.*!® 


Once the initial IFN response is induced, virus clearance requires expression of 
proinflammatory cytokines and chemokines and their receptors, such as CCL2, CXCL9, 
CXCL10, and CCL3, to mediate T-cell and macrophage trafficking to sites of infection.*” 
Infection of the CNS also requires breakdown of the blood—brain barrier, which is partially 
neutrophil-dependent. In the absence of neutrophils or of neutrophil chemoattractants, such 
as CXCL1 and CXCL2, breakdown does not occur, resulting in more severe disease. A 
robust T-cell response is required for destruction of infected cells and clearance of infectious 
virus. T-cell responses are poor in felines with progressive FIP (Fig. 10.11) and in mice with 
severe SARS or MERS.!0%299.48! Virus is not cleared in MHV- or SARS-CoV-infected mice 
that lack T cells, again demonstrating the importance of the response in clearance.*°!*°! Both 
CD4 and CD8 T-cell epitopes have been identified in mice infected with MHV, SARS-CoV, 
and MERS-CoV and in SARS patients. The vast majority of epitopes are located on the N, 
M, and S proteins.’”?7°°3° 338,479 Once virus has been cleared, the proinflammatory response 
must be controlled to prevent immunopathology. In MHV-infected mice, regulatory CD4 T 
cells, characterized by Foxp3 expression, are important for dampening a_ potentially 
pathogenic immune response.*!® IL-10, another anti-inflammatory factor important for 
minimizing immunopathological changes in MHV-infected mice, is expressed predominantly 
by virus-specific CD4 and CD8 T cells in the infected brain.*!° T cells are responsible for 
initial virus clearance, but an effective antivirus antibody response is required to prevent 


virus recrudescence.*® Similarly, a robust neutralizing antibody response was detected in 
survivors during the 2002-2003 SARS outbreak®* and in MERS survivors who had severe 
disease.!° 


Coronaviruses use several approaches, both active and passive, to evade the host IFN 
response and thereby establish a productive infection (Table 10.4). Coronaviruses replicate in 
double-membraned vesicles (DMVs) (Fig. 10.7), which may shield viral RNA from 
recognition by intracellular sensor molecules, such as RIG-I, MDA5, and TLR3. Thus, in 
fibroblasts or conventional DCs infected with MHV or SARS-CoV, no IFN is induced.*°**8 
However, the IFN response does not appear to be actively blocked in these cells, because 
infection with Sendai virus or exposure to poly I-C induces IFN. In some cells, such as 
macrophages, microglia, and oligodendrocytes, coronaviruses induce an IFN response by 
signaling through MDAS and, in oligodendrocytes, RIG-I.*°° To counter IFN induction 
through activation of MDAS, all coronaviruses express a 2'-O-methyltransferase (nsp16, see 
Expression of the Replicase—Transcriptase Complex). In the absence of 2’-O-methylation, 
viral RNA induces a potent MDA5-dependent IFN response, which limits replication in wild- 
type animals but not in those deficient in IFNAR expression*! (Table 10.4). Additionally, 
SARS-CoV, but not MHV PLpro inhibits, inhibits IFN induction by antagonizing IRF3 and 
NF-kB function.!*+!** Another component of nsp3, ADP-ribose-1"-monophosphatase (also 
termed macrodomain 1), prevents IFN induction by countering host-derived ADP 
ribosylation.'4! Nsp15, an endoribonuclease encoded by all coronaviruses, probably has a 
role in virus replication but also inhibits MDAS5 induction and IFN expression. !**.2! 


TABLE 10.4 Coronavirus proteins with immunoevasive properties 


213,298 


nsp1 MHV, SARS-CoV, SARSr-BatCoV 1. Suppresses host protein expression through 
Rp3, BatCoV HKU4, BatCoV direct inhibition of translation or by promoting 
HKU9, TGEV, MERS-CoV degradation of host mRNA, including IFN mRNA 
2. Inhibits IFN induction and signaling 492 
nsp3 (PLpro) SARS-CoV, HCoV-NL63, MHV Blocks IRF3 activation and NF-xB signaling 246 
nsp3 (Mac2, Mac3, PLpro) SARS-CoV, HCoV-NL63, Blocks p53 action 246 
MERS-CoV 
nsp3 (ADRP) SARS-CoV, HCoV-229E, MHV 1. Interferes with IFN-induced antiviral activity 246,141 
2. Enhances host proinflammatory cytokine expression 
nsp5 PDCoV Inhibits IFN induction 485 
nsp14 MHV, TGEV Interferes with IFN-induced antiviral activity 32:55 
nsp15 MHV, HCoV-229E Evades RNA sensing 123,212 
nsp16 MHV Evades MDAS activation, evades IFIT recognition 491,103 
ORF 3b protein SARS-CoV Inhibits IFN synthesis and signaling 220 
ORF 6 protein SARS-CoV Inhibits STAT1 nuclear translocation 143 
ORF 5a protein MHV Interferes with IFN-induced antiviral activity 218 
ORF 7 protein TGEV Interferes with PKR and 2’-5' OAS/RNase L activities 100 
ORF 4a protein MERS-CoV Binds dsRNA and inhibits IFN induction, inhibits stress 391,299,353 
granule formation 
ORF 4b protein MERS-CoV Inhibits NF-«B signaling, IFN induction, andRNaseL = 416,53,468 
activation 
ORF 5 protein MERS-CoV Modulates NF-xB signaling 286 
NS6 protein PDCoV Inhibits IFN induction 138 
N protein MHV, SARS-CoV, MERS-CoV Inhibits IFN induction; interferes with 2'-5’ OAS/RNase 213,125,178 
L activity 
M protein SARS-CoV, MERS-CoV Inhibits IRF3 activation 271,389 
ORFX protein SARSr-CoV WIV1 Inhibits IFN induction 475 


411 virus abbreviations as in Table 29.1. 


Once IFNs are expressed, they bind to IFNAR, resulting in the upregulation of a large 
number of ISGs. Several coronaviral proteins inhibit either IFN signaling or specific ISGs 
(Table 10.4). In addition to inhibiting IFN induction, the nsp16 2'-O-methyltransferase 
counters the ability of IFN-induced proteins IFIT1 and IFIT2 (also called ISG56 and ISG54) 
to inhibit translation of viral MRNA.‘ N protein inhibits IFN signaling, as do SARS-CoV, 
MHV, TGEV and MERS-CoV nsp1, and SARS-CoV ORF3b and ORF6 proteins. MERS- 
CoV ORF4a and ORF4b inhibit IFN expression.7!° The mechanism of action of some of 
these proteins has been elucidated. Nsp1 enhances host cell mRNA degradation and inhibits 
host cell protein synthesis, with specific effects on IFN signaling.*!? The karyopherin 
complex is required for nuclear import of STAT1, a critical component of the IFN signaling 
pathway, as well as the import of many other host proteins. SARS-CoV ORF6, by binding 
karyopherin-a2, sequesters karyopherin-61 in the cytoplasm, indirectly inhibiting nuclear 
translocation of STAT1.*!2 MERS-CoV 4b, by binding karyopherin-a4, inhibits NF-kB 
transport into the nucleus,°’ whereas ORF 4a binds to PACT, inhibiting MDA5 and RIG-I 


activation.°?! It should be noted that the role of some of these proteins in the natural infection 
requires additional study because many of them were analyzed as isolated proteins in 


transient expression assays. Further, in MERS-CoV-infected camels and humans, some of 
these immunoevasive genes are deleted without apparent changes in virulence.®°32046 


EPIDEMIOLOGY 


Human Coronaviruses Other Than SARS-CoV and MERS- 
CoV 


Four known coronaviruses, HCoV-OC43, HCoV-229E, HCoV-NL63, and HCoV-HKU1, are 
endemic in human populations. HCoV-OC43 and HCoV-229E cause up to 30% of all URT 
infections, based on several prospective studies.*°°75449 The variable range of detection 
reflects year-to-year variability, detection methods, season, and age of subjects. These studies 
also suggest that peak activity occurs every 2 to 4 years.'4°*9* In temperate climates, 
infections occur predominantly in the winter and early spring. HCoV-OC43 and HCoV-229E 
have also been associated with severe pneumonia in neonates and aged populations, 
especially those with underlying illnesses, such as chronic obstructive pulmonary disease or 
those requiring intensive care.!°>429499 The high rate of human coronavirus infections early 
in life and the pattern of infections during outbreaks demonstrate that HCoVs are efficiently 
transmitted in human populations, most likely via large and, to a lesser extent, small droplets. 
Infection may also occur via contact with contaminated surfaces.*! Serologic studies suggest 
that infection with HCoV-229E and HCoV-OC43 frequently occurs in young children and 
then repeatedly throughout life.!9'2°* Neutralizing antibodies against HCoV-OC43 or HCoV- 


229E have been detected in about 50% of school-age children and up to 80% of 
adults .202:284;345 


HCoV-NL63 and HCoV-HKU1 also have worldwide distributions, causing up to 10% of 


respiratory tract infections.'°*9 Initial reports suggested that HCoV-NL63 was associated 
with severe respiratory disease but subsequent population-based studies showed that most 
patients developed mild disease, similar to those infected with HCoV-229E or HCoV- 
O0C43.4*° HCoV-NL63 is also an important etiological agent of acute laryngotracheitis 
(croup).°“? HCoV-HKU1 was initially identified in an elderly patient with severe pneumonia, 
but subsequent studies indicated that it is associated with both mild and severe respiratory 
infections.2494°® HCoV-NL63 and HCoV-229E may have evolved from bat coronaviruses.*!° 


Severe Acute Respiratory Syndrome 


During the 2002-2003 epidemic, SARS-CoV was isolated from several exotic animals, 
including Himalayan palm civets (Paguma larvata) and raccoon dogs (Nyctereutes 
procyonoides), in wet markets in Guangdong Province in China!®! (Fig. 10.13). Subsequent 
investigations showed that SARS-CoV could not be detected in these animals in the wild but 
SARS-related coronaviruses (SARSr-CoV) could be isolated from wild bats in China!*°179 


(Table 10.1). Bats are now considered to be the ultimate source for SARS-CoV, with 
probable infection of human populations occurring after initial adaptation to animals in 
Chinese wet markets. The isolation of bat SARS-like coronaviruses that use ACE2, the same 
receptor as used by SARS-CoV, provides strong support for this conclusion. 
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FIGURE 10.13 SARS-CoV spread from infected bats to infect humans in wet 
markets in Guangdong Province, China. SARS-related coronaviruses were 
detected in horseshoe bats and other bat species in China. The virus spread to 
human populations, likely animal handlers, in wet markets in Guangdong 


Province. Spread occurred either indirectly, via infection of exotic animals such 
as Himalayan palm civets, or directly, with subsequent human transmission to 
Himalayan palm civets and other exotic animals. This transmission occurred 
more than once, because a fraction of the animal handlers was positive for anti— 


SARS-CoV antibody. /©! In one episode, a physician taking care of an animal 
handler became infected. He then flew to Hong Kong and stayed at Hotel M, 
where he inadvertently infected several other people staying at the hotel, 
probably via superspreading events. These infected individuals then flew to other 
countries, resulting in the international outbreak. 


Serologic studies demonstrated that SARS-CoV did not circulate to a significant extent in 
humans prior to the outbreak in 2002—2003.°°*4” However, some persons working in wild 
animal wet markets in China had serologic evidence of a SARS-CoV-like infection acquired 
before the 2003 outbreak but reported no SARS-like respiratory illness.!°' Thus, virus may 
have circulated in these wild animal markets for a few years, with the SARS outbreak 
occurring only when a confluence of factors facilitated spread into larger populations. 
Although non-primate animals were the original source of SARS, its global spread occurred 
by human-to-human transmission. Transmission occurred through close contact, that is, 
direct person-to-person contact, fomites, or infectious droplets, and probably aerosols in 
some instances.*°* Because transmission usually only occurred after onset of illness and most 
efficiently after the patient was sufficiently ill to be hospitalized, most spread occurred in 
household and health care settings but infrequently in other settings.*°* A large number of 
susceptible persons were infected in superspreading events, but only a minority of infected 
individuals were involved in this type of spread*® °° (Fig. 10.14). Superspreading events, 
which occur when a single individual infects multiple susceptible contacts, may have resulted 
from high virus burdens or a tendency for these individuals to aerosolize virus more 
efficiently than most infected persons. Most infected individuals spread the virus to only one 
or a few susceptible persons, suggesting that virus spread was relatively inefficient. Since the 
SARS outbreak was controlled in June 2003, only 17 cases of SARS were subsequently 
confirmed, and none of these occurred after June 2004.76! Thirteen of these 17 cases 
resulted from laboratory exposures, including 7 secondary cases associated with one of the 
cases. 
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FIGURE 10.14 Role of superspreading events in SARS-CoV epidemics. SARS- 
CoV spread in Singapore in 2003, illustrated here, via superspreading and non- 
superspreading events. Most infected persons transmitted virus to less than five 
susceptible contacts. However, in a few instances, infected individuals were 
highly contagious, resulting in infection of larger numbers of contacts. The basis 
for superspreading events is not known but likely is a manifestation of larger 
virus burdens in a few infected patients. A: Probable cases of SARS by reported 
source of infection. B: Number of probable cases of SARS, by date of onset of 
fever and probable source of infection. (Originally published in Morbidity and 
Mortality Report, CDC, Atlanta, GA.) 


Middle East Respiratory Syndrome 


MERS-CoV has been isolated from the majority of camels in the Arabian peninsula, Africa, 
and parts of Asia‘? (Fig. 10.15). In addition, banked camel sera from the early 1980s show 
evidence of prior MERS-CoV infection. However, human infections have been identified 
primarily, if not solely, on the Arabian peninsula and even at this location, only since 2012. 
This difference in prevalence of camel and human infection remains unexplained and may 
relate to differences in human—camel interactions in countries on the Arabian peninsula 
compared to elsewhere. MERS-CoV likely originated in bats since MERS-like CoV have 
been detected in bats in Africa and elsewhere.°+?!° MERS-CoV itself has not been isolated 
yet from any bat species, reflecting, perhaps, its transmission to camels several years ago and 
evolution within camel populations. MERS-CoV may be continuing to evolve in camels, 
since there are distinct clades of MERS-CoV isolated in Africa and the Arabian 
peninsula.®?°°° Most strikingly, MERS-CoV isolated from camels in West Africa are 
variably deleted in ORFs3, 4a and 4b,®° indicating that these genes, which are believed to 
encode proteins involved in immune evasion, are not required for virulence in camels. 
Camels in the KSA are largely seropositive for MERS-CoV, with virus maintained by 
infection of juvenile camels, which become susceptible after maternal antibody has waned. 


High antibody titers in adult camels suggest that they are periodically exposed to MERS- 
CoV, boosting antibody titers. Humans in contact with camels have higher MERS-CoV— 
specific antibody titers than the general population but do not have clinical signs of 
MERS.~%” In the early years of the KSA outbreak and in the 2016 Korean outbreak, a 
majority of patients acquired MERS in nosocomial settings.2°!®* This was particularly 
striking in the Korean outbreak, in which a single traveler from the Middle East sought 
medical attention in several hospital emergency rooms before a diagnosis of MERS was 
made.®! The delay in diagnosis resulted in infection of 186 individuals, with a 20% mortality. 
Increased recognition of the infection and better infection control measures have decreased 
the number of hospital-acquired infections so that at least 30% of patients are now considered 
primary.?! However, only 50% of these patients have a history of camel contact. MERS-CoV 
is not very contagious in community settings (Rg < 1) but spreads readily in hospitals to 
patients with underlying conditions such as chronic pulmonary or cardiac disease, renal 
failure, or an immunocompromised state.°®®* One possible explanation for these disparate 
results is that MERS-CoV is circulating at low levels in some populations and that clinical 
cases occur occasionally, most often if patients with comorbidities become infected. 
Although not proven, this would be consistent with the lack of camel contact described by 
many primary cases. Within hospitals, virus is transmitted via contact and during aerosol- 
generating procedures.!' Fomite or aerosol spread may also occur since MERS-CoV RNA 
(and virus in some studies) can be detected in the air and on environmental surfaces in 


hospitals for several days.2°7°9 
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FIGURE 10.15 Global distribution of human and dromedary camel MERS 


cases.!°9 Black asterisks—countries with human and camel MERS cases. Red 
asterisks—countries with camel cases only. Green asterisks—countries with only 
human MERS cases. Note that MERS-CoV was detected in camels in the Canary 
Islands, not in mainland Spain. 


Remarkably, given the recent transmission to humans, there is little evidence for evolution of 
MERS-CoV in human populations, unlike SARS-CoV, which underwent extensive mutation 
as it adapted to humans.®°°° Additionally, deletions in ORFs 3, 4a, 4b, and 5 have been 
detected in patients,*°°* suggesting that these immune evasion genes are not critical for 
human disease. Further, viruses isolated from some patients in Korea were mutated in the S 
glycoprotein, resulting in lower binding affinity for the DPP4 receptor.*!? Surprisingly, 
decreased affinity did not appear to affect clinical disease severity. 


Genetic Diversity of Coronaviruses 


The SARS and MERS outbreaks demonstrated the ability of coronaviruses to cross species. 
Initially predicted from studies of coronavirus-infected cultured cells,°° the ability of 
coronaviruses to cross species was also demonstrated when the betacoronaviruses HCoV- 
OC43, porcine hemagglutinating encephalomyelitis virus (PHEV), and BCoV were 
analyzed**° (Fig. 10.16). It is estimated that PHEV diverged from HCoV-OC43 and BCoV 
100 to 200 years ago, while HCoV-OC43 and BCoV diverged about 100 years ago. More 
recently, BCoV has crossed species to infect many ruminants, including elks, giraffes, and 
antelopes.” Other phylogenetic studies suggest that the porcine alphacoronavirus TGEV 
resulted from cross species transmission of a canine coronavirus.*°? In other examples, a bat 
coronavirus, HKU2, was shown to cross species to cause gastroenteritis in pigs (Swine acute 
diarrheal syndrome [SADS]),*®° and a virus similar to HCoV-229E was isolated from 
camels.2°? PDCoV, a cause of swine diarrhea, is classified as a deltacoronavirus, a genus 
comprised of avian viruses. PDCoV appeared to cross from avian to mammalian species, 
using APN as a receptor and raising the possibility that it could similarly cross species to 
infect a variety of species, including humans.*°° 
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FIGURE 10.16 Coronaviruses mutate and recombine to cross species barriers. 
Phylogenetic analyses indicate that HCoV-OC43, BCoV, and _ porcine 
hemagglutinating encephalomyelitis virus (PHEV) shared a common ancestor 
and diverged about 200 years ago. More recently (100-130 years ago), HCoV- 
OC43 and BCoV diverged, but it is not known whether BCoV infected human 
populations or HCoV-OC43 crossed species barriers to infect bovids. BCoV then 
spread to many ruminants and to dogs, probably via contact with infected 
domesticated cows. 


In addition to their ability to cross species, coronaviruses readily undergo recombination (see 
Viral RNA Synthesis). Recombination events between canine (CCoV-I) and feline (FCoV-I) 
coronaviruses and an unknown coronavirus resulted in the appearance of two novel viruses 
(CCoV-II and FCoV-II).*°° In another illustration, new strains of IBV have been detected in 
chicken populations and appear to have resulted from recombination between circulating 
vaccine and wild-type IBV strains.**! This propensity for recombination has raised concerns 
about the use of live attenuated coronavirus vaccines (see Prevention). 


CLINICAL FEATURES 


Human Coronaviruses Other Than SARS-CoV and MERS- 


CoV 


HCoVs cause respiratory disease, including its most severe manifestations, SARS and 
MERS. Coronaviruses have occasionally been implicated in human enteric disease, 
particularly in newborns, with virus identified using electron microscopy because culture of 
infectious virus has been unsuccessful.2°° EM detection of coronavirus particles is not 
considered conclusive because other particles in stool specimens can have similar 
morphology to coronaviruses. However, RT-PCR assays designed to detect coronavirus RNA 
sequences in pathological specimens should clarify the role of coronaviruses in enteric 
diseases. 


Clinical features of respiratory infections in humans follow two distinct patterns, one for 
non—SARS-CoV/MERS-CoV (i.e., HCoV-229E, HCoV-NL63, HCoV-OC43, HCoV-HKU1) 
and one for the zoonotic coronaviruses, SARS-CoV and MERS-CoV. HCoV-229E and 
HCoV-OC43 were extensively characterized in volunteer studies in the 1960s.*°* Human 
volunteers inoculated intranasally with respiratory coronaviruses developed symptoms that 
included fever, headache, malaise, chills, rhinorrhea, sore throat, and cough with peak 
infection observed 3 to 4 days following infection. About half of the volunteers challenged 
with virus developed illness, and approximately 30% were asymptomatically infected, as 
indicated by detection of virus in the URT. Symptoms lasted for a mean of 7 days, with a 
range of 3 to 18 days. Natural infection in both adults and children is also usually associated 
with a common cold-like illness.*°* Natural infection is probably acquired in a fashion 
similar to that for many other respiratory viruses (i.e., inoculation of infectious secretions 
from infected persons or fomites onto mucous membranes of the URT or inhalation of 
infectious droplets), with primary infection of ciliated epithelial cells in the nasopharynx.° 
Destruction of these cells, combined with exuberant production of chemokines and cytokines 
by resident and infiltrating cells, results in signs and symptoms of clinical illness. 


Non-—SARS-CoV/MERS-CoV_ infections are occasionally associated with lower 


respiratory tract disease in children and adults.!°>-40%-429-429 One caveat is that coronaviruses 
are also sometimes detected in well, control patients, and, thus, the presence of virus may not 
be etiologically related to the illness. Studies using polymerase chain reaction (PCR) to 
detect viral RNA in middle ear fluids suggest that coronaviruses, like other respiratory 


viruses, can cause otitis media.*** HCoV-NL63 and HCoV-HKU1 have also been detected in 
persons with acute upper and lower respiratory tract illness,!1°°°49 and HCoV-NL63 is 


associated with croup in children under the age of 3.**° Studies of natural infection and 
volunteer studies showed that reinfection with coronaviruses is common, indicating that 


infection does not induce stable protective immunity.'9!7°4 For example, previously infected 
volunteers developed symptomatic disease if infected 1 year later with the same strain of 


HCoV-229E.°° 


SARS-CoV Infections 


In contrast to the mild illness usually associated with human coronavirus infections, SARS- 


CoV nearly always resulted in a serious lower respiratory tract illness that required 
hospitalization, often in an intensive care unit (up to 20% of infections)*** (Fig. 10.17). In the 
2002-2003 epidemic, approximately 8,000 individuals were infected, with an overall 
mortality rate of 10%. Disease severity increased proportionally to age. Thus, no mortality 
occurred in patients less than 24 years old, but about 50% of infected individuals greater than 
60 years succumbed to the infection. Mortality was also greater in patients with underlying 
disease. No clinical manifestations distinguished SARS from other severe respiratory 
diseases.*~>"* Illness usually had an onset of 4 to 7 days, although occasionally an incubation 
period of 10 to 14 days was observed. Disease was characterized by systemic symptoms such 
as fever, malaise, and myalgias. Unlike many other respiratory tract infections, URT signs 
and symptoms were not common. The first lower respiratory tract symptoms (usually a 
nonproductive cough and shortness of breath) and concomitant abnormalities on radiological 
examination developed several days after onset of systemic symptoms.**! Respiratory 
symptoms were often accompanied by evidence of involvement of other organ systems. Virus 
particles and RNA were detected in several organs including the gastrointestinal tract, 
kidneys, and brain.'°® Thus, while diarrhea occurred at disease onset in less than 25% of 
patients, up to 70% developed gastrointestinal disease during the course of the illness. Most 
patients developed abnormal liver function tests and lymphopenia with a substantial drop in 
both CD4 and CD8 T-cell numbers.!°* Patients, generally those greater than 50 years of age 
or who had underlying disease, often had progressive respiratory failure leading to ARDS 
and death.*°*-7* In these patients, lymphocyte and platelet counts remained abnormally low, 
while neutrophilia, presence of infectious virus or viral RNA in clinical specimens, and 
elevated proinflammatory cytokines for prolonged periods of time were common features. 
Asymptomatic or mild illness was uncommon.!”! Most survivors of SARS-CoV infection 
achieved full recovery, although pulmonary function abnormalities sometimes took months to 


subside,*°* and some had persistently abnormal pulmonary function. 
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FIGURE 10.17 Clinical disease in patients infected with SARS-CoV. SARS- 
CoV spread to susceptible individuals via respiratory and fecal—oral routes and, 
less commonly, if at all, via fomites. Virus replication was initiated in the upper 
airway epithelial cells, based primarily on animal studies and in vitro studies 
using primary cultures of airway epithelial cells. Virus subsequently spread to the 
lower respiratory tract, with infection of type 1 pneumocytes and macrophages 
and dendritic cells most prominent. The infection of the latter two cell types was 


abortive, resulting in production of proinflammatory cytokines and chemokines 
such as CXCL10 and CXCL8 but not type I IFN. In patients who recovered, 
expression of proinflammatory cytokines diminished, and robust antivirus 
antibody responses were detected. In patients who developed progressively more 
severe disease, cytokine production continued, and patients remained 
lymphopenic without developing an effective anti-SARS-CoV antibody 
response. Some of these patients died and significant long-term morbidity was 
found in many of the survivors. 


MERS-CoV Infections 


Like SARS-CoV, MERS-CoV initiates infection via the respiratory tract. The spectrum of 
human disease caused by MERS-CoV ranges from asymptomatic to severe, with an overall 
mortality of approximately 36%.!° Older individuals and those with underlying conditions 
develop the most severe disease. Patients with severe disease develop respiratory failure and 
multiorgan dysfunction.'? No specific clinical or laboratory signs distinguish MERS from 
other respiratory disease so that laboratory-based diagnosis is critical.?? Health care workers 
generally develop mild disease in large part because most do not have underlying conditions. 
As was the case with SARS patients, MERS patients usually seek medical attention for 
nonspecific signs including fever, cough, difficult breathing, and diarrhea. As in SARS 
patients,°*! peak virus loads occur in the 2nd week of illness.2!” Renal damage is common in 
MERS patients.!%°? Kidney damage may result from direct infection, possibly because levels 
of renal DPP4 are high: coronavirus-like particles were observed on autopsy of a patient with 
MERS.'? Patients develop laboratory abnormalities similar to those described for SARS.*°9 
MERS is relatively uncommon in pediatric patients, and those that become infected generally 
develop mild disease.° 


DIAGNOSIS 


Most human coronavirus infections, other than SARS and MERS, are not diagnosed because 
they cause mild, self-limited upper respiratory disease, and no specific therapy is available. 
Diagnosis is laboratory-based because coronavirus infections cannot be distinguished 
clinically from other causes of URT infections, such as rhinoviruses. However, in some 
clinical settings, such as in hospitalized patients with pneumonia and in epidemiological 
studies, specific diagnosis is important. Coronavirus infections in animals and humans were 
initially diagnosed by isolation of infectious virus, by electron microscopy and using 
serologic assays, with the caveat that some coronaviruses, especially those in the stool, are 
not easily cultured. HCoV-229E, HCoV-OC43, and HCoV-NL63 can now be grown in tissue 
culture cells, but HCoV-HKU1 has been grown only in primary human airway epithelial 


cells.°°' As is now true for many virus infections, reverse transcription (RT)-PCR—based 
methods and immunofluorescence assays (IFAs) for virus antigen are the gold standards for 
diagnosis of respiratory coronavirus infections. PCR primers can be designed to be broadly 
reactive or strain specific, based on primer location and design. Use of these primers in 
multiplex assays provides a convenient and rapid method of diagnosis.'*°-4*° With a sensitive 
system to detect the PCR amplicon (e.g., a real-time assay), less than five RNA copies in the 
reaction mixture can be consistently detected.!°* While EM examination of clinical material 
contributed to the identification and characterization of many coronaviruses, including 
SARS-CoV, *7,722,284,335 its use at present is confined to the identification of coronaviruses in 
patients with enteritis,°°° recognizing that such findings are suggestive but not diagnostic. 


A variety of serologic assays have been used to detect URT-associated coronavirus 
infections, including complement fixation, hemagglutination inhibition (HI) for viruses with 
an HE protein (i.e., some betacoronaviruses), neutralization and immunofluorescence (IFA) 
assays, and ELISAs (enzyme-linked immunosorbent assays). These assays use virus lysates, 
inactivated whole virus, cloned expressed proteins, synthesized peptides, and pseudoviruses 
(e.g., references*?-*°°), 


SARS and MERS present a different diagnostic situation. A specific diagnosis is critical 
to guide clinical management, and the diagnosis of MERS or SARS has public health 
implications. However, testing should only be considered when, based on the likelihood of an 
exposure and clinical features of the illness, infection is plausible. SARS-CoV was initially 
isolated in tissue culture cells, but during the 2002-2003 epidemic, a combination of 
serologic and RI-PCR assays, not virus culture, was used to detect and confirm SARS-CoV 
infection.*°* With very sensitive PCR assays (e.g., a nested or real-time PCR assay) and RNA 
extraction procedures that increased the amount of specimen available for the assay, the 
positivity rate in respiratory specimens obtained during the 2nd and 3rd days of illness 
increased from less than 40% to more than 80% as the epidemic progressed.*4° SARS-CoV 
N protein ELISAs were positive in 50% to 80% of serum specimens collected during the 1st 
week of illness and in more than 50% of respiratory and stool specimens collected during the 
2nd and 3rd weeks of illness.2?? SARS-CoV-specific antibodies were usually detected by 14 
days into the illness, but sometimes not until 4 weeks after infection.!’”!°! Whereas RT-PCR 
provided the best way to make an early diagnosis, serologic assays were important in 
confirming or ruling out SARS-CoV as the cause of infection. Because serum specimens 
from persons not infected with SARS during the 2002—2003 outbreak have rarely tested 
positive for SARS-CoV antibodies,**’ a single serum specimen positive for SARS-CoV 
antibodies was usually considered diagnostic; a negative test on a serum specimen collected 
late in the illness (28 days or later after onset of illness) was used to rule out SARS-CoV 
infection. SARS-CoV-specific antibodies were relatively transient, because they could not be 
detected 6 years after the epidemic ended.*!° 


MERS, like SARS, must be diagnosed rapidly and accurately because its clinical features 
are indistinguishable from those of other acute respiratory infections.°° Guidelines for MERS 


testing and diagnosis have been published.°?°748 Only patients with a high suspicion for 
MERS should be tested, to avoid false-positive results. During the acute phase of the illness, 
a two-step quantitative RT-PCR assay is used for diagnosis, with confirmation by sequencing 
of PCR products if only a single RI-PCR assay is positive. Isolation of infectious MERS- 
CoV requires a BSL3 laboratory, so virus isolation is not generally attempted. Measurements 
of MERS-CoV-specific antibodies are not used for diagnosis during the acute phase since 
they are generally not detected until 2 to 3 weeks after infection onset.!*® Antibody 
measurements are useful for studies of disease prevalence, but MERS-CoV-specific 
antibodies are not detected or are transient in some patients with mild or subclinical 
disease,!°*!” making them insensitive for this purpose. Even in patients with more severe 
disease, antibody responses appear to rapidly wane. Initially, screening is generally 
performed by ELISA, with confirmation by IFA and neutralizing antibody measurements. 
Patients with detectable neutralization titers may be ELISA negative or borderline, indicating 
that a combination of ELISA and neutralization assays should be considered in high-risk 
patients.!* Virus-specific T cells can be detected during the acute phase in patients with 
severe disease’? as well as at 6 to 24 months in all survivors of severe MERS and in some 
with mild disease. Most of the latter were seronegative.*”’ Additionally, SARS-CoV-specific 
T-cell responses were detected for up to 11 years after the epidemic ended,°?’* again 
suggesting that the T-cell response may be a better measure of prior infection. Detection of 
virus-specific T-cell responses is technically difficult, but their measurement will be useful in 
some epidemiological studies. Antibody and T-cell measurements must be carefully 
controlled and standardized to minimize nonspecific responses mediated by cross-reaction 
with community-acquired coronavirus infections. Serological cross-reactivity has been 
reported for SARS-CoV, but not for other coronaviruses.°4 


TREATMENT 


At present, there are no approved antiviral drugs for human coronavirus infections and 
therapy is supportive. During the SARS epidemic, most patients were treated with ribavirin 
and high-dose steroids, based on the belief that the virus would be susceptible to ribavirin 
and steroids might diminish immune-mediated bystander damage. However, meta-analyses 
of outcomes showed that neither drug was efficacious and steroid use was associated with 
worse outcomes.*”? Late in the epidemic, IFN-a, SARS convalescent phase immunoglobulin, 
and lopinavir plus ritonavir, two proteases licensed for the treatment of HIV, were used to 
treat patients. Review of all of these therapies concluded that while some showed efficacy in 
inhibiting SARS-CoV replication in tissue culture cells, none showed a beneficial effect in 
patients.*°° Similarly, convalescent sera and various combinations of ribavirin, IFN-a, 
corticosteroids, and lopinavir—ritonavir did not improve outcomes in MERS patients, 
although corticosteroid use delayed virus clearance.*)*°° The mechanism of coronavirus 
replication involves several proteins that are potential targets for antiviral drugs, including 
the viral RdRp, virus-encoded proteases, host cell receptors used by the virus for entry, and 


the viral S glycoprotein. Consequently, several antiviral drugs targeting these viral proteins or 
processes have been developed and evaluated for their ability to inhibit SARS-CoV and 
MERS-CoV replication in vitro and in experimentally infected animals.°°*°* These include 
protease inhibitors,!® monoclonal antibodies that inhibit binding to cells, peptides from the 
heptad repeat regions of the S protein that inhibit receptor binding or fusion, small interfering 
RNAs, and polymerase and helicase inhibitors.°-7°*“88 A second promising category of drug 
is a set of 3CLpro inhibitors with broad activity against coronaviruses. One drug, GC376, is 
most active against feline coronaviruses, although it also has activity against other 
coronaviruses. Remarkably, it was shown to effect recovery of cats with clinical FIPV, a 
uniformly fatal disease.*!" 


PREVENTION 


No vaccines are available to prevent human coronavirus infection, but vaccines against 
domestic animal coronaviruses, such as IBV, PEDV, TGEV, and BCoV, are routinely used to 
prevent serious disease in young animals. Efforts are ongoing to improve these vaccines and 
to enhance safety and efficacy while minimizing the likelihood of reversion to a virulent 
strain and recombination with circulating strains.°°” In addition, several SARS-CoV vaccines 
have been developed, including inactivated whole virus, live virus vectors expressing single 
viral proteins, and recombinant proteins and DNA vaccines.'°® Nearly all of these vaccines 
express the surface glycoprotein and are designed to induce SARS-CoV neutralizing 
antibodies. For some of these vaccines, efficacy has been demonstrated in animal models. 
Large stocks of anti-SARS-CoV neutralizing antibody have been prepared and are available 
for passive immunization of health care workers and other high-risk personnel if SARS 
recurs. 


MERS was identified in 2018 by the WHO and Coalition for Epidemic Preparedness 
Innovations (CEPI) as a key target for vaccine development, because it may evolve to pose 
an epidemic threat. Similar to SARS-CoV, several MERS-CoV-specific vaccines are under 
development, including subunit, measles, adenovirus, and vaccinia vaccines expressing the S 
glycoprotein, recombinant proteins, nanoparticles, VLPs, and DNA vaccines.*!® Some of 
these vaccines are presently in phase I clinical trials. Additionally, several potently 
neutralizing antibodies have been detected,°*°? which will be useful for passively 
immunizing health care workers and other exposed individuals in outbreak settings. Given 
the small number of MERS patients, it is unlikely that active vaccination will ever be used 
widely in human populations, unless the virus mutates so that human-to-human transmission 
is greatly increased. As an alternative strategy, vaccination of camels is considered a more 
feasible approach. Vaccination with a camel poxvirus expressing the MERS S glycoprotein 
conferred immunity against both MERS-CoV and camelpox, representing a vaccine 
candidate with dual efficacy.'°? Use of a poxvirus has the advantage of inducing potent 
antivirus T-cell as well as antibody responses. 


In general, live attenuated vaccines are most effective in inducing protective immune 
responses against coronaviruses. This has been illustrated elegantly in the case of 
transmissible gastroenteritis virus (TGEV), an important cause of neonatal diarrhea and death 
in swine. In the mid-1980s, a naturally occurring, attenuated variant of TGEV, porcine 
respiratory coronavirus (PRCoV), was identified in pig populations. This virus, which causes 
mild disease and no enteritis, induces an immune response in pigs that is protective against 
TGEV and largely eliminated it from infected populations.**! Live attenuated vaccines 
induce not only neutralizing antibodies but also antivirus T-cell responses, which are required 
for virus clearance from infected cells in SARS, MERS, and other coronavirus infections.”! 
However, the development of live coronavirus vaccines is challenging.°°’ First, in many 
instances, natural infection does not prevent subsequent infection or disease, so an effective 
vaccine would need to be superior to immunity induced naturally. Second, the genetic and 
antigenic variability of coronaviruses and their ability to readily recombine hinder vaccine 
development. Thus, a vaccine may not provide equal protection to all antigenic variants, and 
subsequent recombination with vaccine strains could increase the number of different strains 
circulating in the wild. As an example, recombinants of IBV vaccine and wild-type strains 
have caused disease outbreaks in chicken flocks.'°* In addition, the finding that 
immunization with an S protein—expressing FIPV vaccine led to more severe disease after 
subsequent natural infection raises the concern that other coronavirus vaccines might also 
enhance rather than protect from disease.**! Several strategies to minimize the likelihood of 
recombination and to attenuate candidate vaccines without compromising efficacy have been 
recently described. These include engineering viruses with deletions or mutations in nsp1, 
important for immune evasion*’; nsp14, critical for RNA genome fidelity; or E protein, 
important for virus assembly.!°° In other approaches to minimizing recombination of vaccine 
viruses, the coronavirus genome has been reconstructed, modifying the leader and body 
TRSs (see Viral RNA Synthesis) to eliminate homology with naturally occurring virus 
sequences.*7 


In the absence of effective vaccines and antiviral drugs, the most important ways to 
prevent human coronavirus infections are a highly active public health surveillance system 
and good infection control practices. This was demonstrated unequivocally during the SARS 
outbreak in 2002-2003, in which sharing of information by national public health agencies 
and governments and involvement of international agencies such as the World Health 
Organization resulted in the rapid identification of a coronavirus as the cause of SARS and 
implementation of measures that minimized spread. At the local level, strict attention to good 
isolation and infection control practices and identification and management of exposed 
persons (contacts) minimized human-to-human spread of the virus within a few months of its 
global spread. The low risk of SARS-CoV transmission before hospitalization and the low 
rate of asymptomatic infection facilitated the efficacy of these public health measures.’® The 
identification of cases of laboratory-acquired SARS-CoV, with subsequent transmission to 
others after one of these cases,*°7°! reinforces the importance of strict attention to safe 
laboratory practices. These practices include handling the virus in the appropriate type of 


facility, using standardized operating procedures and providing appropriate training and 
medical surveillance programs for staff. Similarly, stringent use of infection control measures 
and careful screening of patients has diminished nosocomial transmission of MERS-CoV and 


helped end the Korean outbreak.!8°37° 


PERSPECTIVES 


Many important problems remain to be resolved in future studies. One critical task will be to 
develop a detailed understanding of how coronaviruses cross species. Are cross species viral 
trafficking events rare or common, and what features facilitate or inhibit cross species 
transmission? While there has been a recent expansion of our knowledge of spike protein 
interactions with receptors and associated proteases, we cannot yet fully gauge the likelihood 
of productive adaptation by a spike protein to new receptors and proteases. Such information 
will be directly relevant to forestalling or coping with the emergence or reemergence of 
pathogenic HCoVs from ubiquitous bat reservoirs. A second area of crucial importance will 
be to increase our understanding of the immunopathogenesis of the more severe human and 
animal coronaviruses and to more precisely define the correlates of immune protection. This 
will involve delineating the relationship between coronaviruses and their host immune 
response. Understanding the intricacies in this relationship will inform the effective design 
and evaluation of vaccines for control of these agents. Third, one of the most exciting areas 
of future research continues to be addressing the many gaps in our basic knowledge of the 
intricacies of the coronavirus RTC, the largest and most complicated machinery of RNA 
synthesis found in any RNA virus. The past few years have seen tremendous advances 
resulting from structural and biochemical studies, and it is likely that progress will continue 
apace. A long-term goal is the total in vitro reconstitution of coronavirus RNA synthesis, 
which would definitively identify or confirm the roles of the many viral replicase subunits as 
well as of putative host factors. It can be expected that studies of this type will reveal 
fundamental principles common to all RNA-dependent RNA synthesis, in addition to 
mechanisms unique to the order Nidovirales. Knowledge derived from this enterprise will be 
critical for the design of antiviral drugs to combat diseases caused by existing and emerging 
coronaviruses. 


REFERENCES 


1. Abdul-Rasool S, Fielding BC. Understanding human coronavirus HCoV-NL63. Open Virol J 2010;4:76-84, doi: 
10.2174/1874357901004010076, PMID: 20700397. 

2. Adney DR, van Doremalen N, Brown VR, et al. Replication and shedding of MERS-CoV in upper respiratory tract 
of inoculated dromedary camels. Emerg Infect Dis 2014;20:1999-2005, doi: 10.3201/eid2012.141280, PMID: 
25418529. 

3. Afzelius BA. Ultrastructure of human nasal epithelium during an episode of coronavirus infection. Virchows Arch 
1994;424:295-—300, doi: 10.1007/bf00194614, PMID: 8186894. 

4. Agrawal AS, Garron T, Tao X, et al. Generation of a transgenic mouse model of Middle East respiratory syndrome 
coronavirus infection and disease. J Virol 2015;89:3659-3670, doi: 10.1128/JV1.03427-14, PMID: 25589660. 

5. Alekseev KP, Vlasova AN, Jung K, et al. Bovine-like coronaviruses isolated from four species of captive wild 
ruminants are homologous to bovine coronaviruses based on complete genomic sequences. J Virol 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


2008;82:12422-12431, doi: 10.1128/JV1.01586-08, PMID: 18842722. 


. Alfaraj SH, Al-Tawfiq JA, Altuwaijri TA, et al. Middle East respiratory syndrome coronavirus in pediatrics: a report 


of seven cases from Saudi Arabia. Front Med 2018. doi: 10.1007/s11684-017-0603-y, PMID: 29623560. 


. Almazan F, DeDiego ML, Sola I, et al. Engineering a replication-competent, propagation-defective Middle East 


respiratory syndrome coronavirus as a vaccine candidate. MBio 2013;4:e00650-13, doi: 10.1128/mBio.00650-13, 
PMID: 24023385. 


. Almazan F, Gonzalez JM, Pénzes Z, et al. Engineering the largest RNA virus genome as an infectious bacterial 


artificial chromosome. Proc Natl Acad Sci U S A. 2000;97:5516-5521. 


. Almazan F, Sola I, Zufiga S, et al. Coronavirus reverse genetic systems: infectious clones and replicons. Virus Res 


2014;189:262—270, doi: 10.1016/j.virusres.2014.05.026, PMID: 24930446. 


. Almeida JD, Tyrrell DA. The morphology of three previously uncharacterized human respiratory viruses that grow in 


organ culture. J Gen Virol 1967;1:175-178, doi: 10.1099/0022-1317-1-2-175, PMID: 4293939. 


. Alraddadi BM, Al-Salmi HS, Jacobs-Slifka K, et al. Risk factors for Middle East Respiratory Syndrome coronavirus 


infection among healthcare personnel. Emerg Infect Dis 2016;22:1915—1920, doi: 10.3201/eid2211.160920, PMID: 
27767011. 

Alsaad KO, Hajeer AH, Al Balwi M, et al. Histopathology of Middle East respiratory syndrome coronavirus 
(MERS-CoV) infection—clinicopathological and ultrastructural study. Histopathology 2017;72:516—-524, doi: 
10.1111/his.13379, PMID: 28858401. 

Alshukairi AN, Khalid I, Ahmed WA, et al. Antibody response and disease severity in healthcare worker MERS 
survivors. Emerg Infect Dis 2016;22:1113-1115, doi: 10.3201/eid2206.160010, PMID: 27192543. 

Alshukairi AN, Zheng J, Zhao J, et al. High prevalence of MERS-CoV infection in camel workers in Saudi Arabia. 
MBio 2018;9:e01985-18, doi: 10.1128/mBio.01985-18, PMID: 30377284. 

Anand K, Palm GJ, Mesters JR, et al. Structure of coronavirus main proteinase reveals combination of a 
chymotrypsin fold with an extra alpha-helical domain. EMBO J 2002;21:3213-3224, doi: 10.1093/emboj/cdf327, 
PMID: 12093723. 

Angelini MM, Akhlaghpour M, Neuman BW, et al. Severe acute respiratory syndrome coronavirus nonstructural 
proteins 3, 4, and 6 induce double-membrane vesicles. MBio 2013;4:e00524-13, doi: 10.1128/mBio.00524-13, 
PMID: 23943763. 

Anghelina D, Pewe L, Perlman S. Pathogenic role for virus-specific CD4 T cells in mice with coronavirus-induced 
acute encephalitis. Am J Pathol 2006;169:209—222, doi: 10.2353/ajpath.2006.051308, PMID: 16816374. 

Arabi YM, Alothman A, Balkhy HH, et al. Treatment of Middle East respiratory syndrome with a combination of 
lopinavir-ritonavir and interferon-betalb (MIRACLE trial): study protocol for a randomized controlled trial. Trials 
2018;19:81, doi: 10.1186/s13063-019-3846-x, PMID: 31900204. 

Arabi YM, Arifi AA, Balkhy HH, et al. Clinical course and outcomes of critically ill patients with Middle East 
respiratory syndrome coronavirus infection. Ann Intern Med 2014;160:389-397, doi: 10.7326/M13-2486, PMID: 
24474051. 

Arabi YM, Balkhy HH, Hayden FG, et al. Middle East respiratory syndrome. N Engl J Med 2017;376:584—594, doi: 
10.1056/NEJMsr1408795, PMID: 28177862. 

Arabi YM, Mandourah Y, Al-Hameed F, et al. Corticosteroid therapy for critically ill patients with Middle East 
Respiratory Syndrome. Am J Respir Crit Care Med 2018;197:757—767, doi: 10.1164/rccm.201706-11720C, PMID: 
29161116. 

Arbour N, Day R, Newcombe J, et al. Neuroinvasion by human respiratory coronaviruses. J Virol 
2000;74:8913-8921, doi: 10.1128/JVI.74.19.8913-8921.2000, PMID: 10982334. 

Arndt AL, Larson BJ, Hogue BG. A conserved domain in the coronavirus membrane protein tail is important for 
virus assembly. J Virol 2010;84:11418-11428, doi: 10.1128/JV1I.01131-10, PMID: 20719948. 

Athmer J, Fehr AR, Grunewald ME, et al. Selective packaging in murine coronavirus promotes virulence by limiting 
type I interferon responses. MBio 2018;9:e00272-18, doi: 10.1128/mBio.00272-18, PMID: 29717007. 

Bailey O, Pappenheimer AM, Cheever FS, et al. A murine virus (JHM) causing disseminated encephalomyelitis with 
extensive destruction of myelin. J Exp Med 1949;90:195—212, doi: 10.1084/jem.90.3.195, PMID: 19871701. 
Bakkers MJ, Lang Y, Feitsma LJ, et al. Betacoronavirus adaptation to humans involved progressive loss of 
hemagglutinin-esterase lectin activity. Cell Host Microbe 2017;21:356-366, doi: 10.1016/j.chom.2017.02.008, 
PMID: 28279346. 

Banner LR, Lai MM. Random nature of coronavirus RNA recombination in the absence of selection pressure. 
Virology 1991;185:441—445, doi: 10.1016/0042-6822(91)90795-D, PMID: 1656597. 

Barcena M, Oostergetel GT, Bartelink W, et al. Cryo-electron tomography of mouse hepatitis virus: insights into the 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


structure of the coronavirion. Proc Natl Acad Sci U S A 2009;106:582—587, doi: 10.1073/pnas.0805270106, PMID: 
19124777. 

Baric RS, Fu K, Schaad MC, et al. Establishing a genetic recombination map for murine coronavirus strain A59 
complementation groups. Virology 1990;177:646-656, doi: 10.1016/0042-6822(90)90530-5, PMID: 2164728. 

Baric RS, Sullivan E, Hensley L, et al. Persistent infection promotes cross-species transmissibility of mouse hepatitis 
virus. J Virol 1999;73:638-649, doi: 10.1128/JVI.73.1.638-649.1999, PMID: 9847369. 

Baric RS, Yount B. Subgenomic negative-strand RNA function during mouse hepatitis virus infection. J Virol 
2000;74:4039-—4046, doi: 10.1128/JVI.74.9.4039-4046.2000, PMID: 10756015. 

Becares M, Pascual-Iglesias A, Nogales A, et al. Mutagenesis of coronavirus nsp14 reveals Its potential role in 
modulation of the innate immune response. J Virol 2016;90:5399-5414, doi: 10.1128/JVI.03259-15, PMID: 
27009949. 

Becker MM, Graham RL, Donaldson EF, et al. Synthetic recombinant bat SARS-like coronavirus is infectious in 
cultured cells and in mice. Proc Natl Acad Sci U S A 2008;105:19944—19949, doi: 10.1073/pnas.0808116105, PMID: 
19036930. 

Belouzard S, Chu VC, Whittaker GR. Activation of the SARS coronavirus spike protein via sequential proteolytic 
cleavage at two distinct sites. Proc Natl Acad Sci U S A 2009;106:5871-5876, doi: 10.1073/pnas.0809524106, 
PMID: 19321428. 

Benbacer L, Kut E, Besnardeau L, et al. Interspecies aminopeptidase-N chimeras reveal species-specific receptor 
recognition by canine coronavirus, feline infectious peritonitis virus, and transmissible gastroenteritis virus. J Virol 
1997;71:734—737, doi: 10.1128/JVI.71.1.734-737.1997, PMID: 8985407. 

Beniac DR, Andonov A, Grudeski E, et al. Architecture of the SARS coronavirus prefusion spike. Nat Struct Mol 
Biol 2006;13:751—752, doi: 10.1038/nsmb1123, PMID: 16845391. 

Bergmann CC, Lane TE, Stohlman SA. Coronavirus infection of the central nervous system: host-virus stand-off. 
Nat Rev Microbiol 2006;4:121-132, doi: 10.1038/nrmicro1343, PMID: 16415928. 

Bin SY, Heo JY, Song MS, et al. Environmental contamination and viral shedding in MERS patients during MERS- 
CoV outbreak in South Korea. Clin Infect Dis 2016;62:755—760, doi: 10.1093/cid/civ1020, PMID: 26679623. 
Blanchard EG, Miao C, Haupt TE, et al. Development of a recombinant truncated nucleocapsid protein based 
immunoassay for detection of antibodies against human coronavirus OC43. J Virol Methods 2011;177:100-106, doi: 
10.1016/j.jviromet.2011.07.005, PMID: 21801752. 

Bonavia A, Zelus BD, Wentworth DE, et al. Identification of a receptor-binding domain of the spike glycoprotein of 
human coronavirus HCoV-229E. J Virol 2003;77:2530-2538, doi: 10.1128/JVI.77.4.2530-2538.2003, PMID: 
12551991. 

Bonny TS, Yezli S, Lednicky JA. Isolation and identification of human coronavirus 229E from frequently touched 
environmental surfaces of a university classroom that is cleaned daily. Am J Infect Control 2018;46:105—107, doi: 
10.1016/j.ajic.2017.07.014, PMID: 28893443. 

Booth CM, Matukas LM, Tomlinson GA, et al. Clinical features and short-term outcomes of 144 patients with SARS 
in the greater Toronto area. JAMA 2003;289:2801—2809, doi: 10.1001/jama.289.21.JOC30885, PMID: 12734147. 
Bos EC, Luytjes W, van der Meulen HV, et al. The production of recombinant infectious DI-particles of a murine 
coronavirus in the absence of helper virus. Virology 1996;218:52-60, doi: 10.1006/viro.1996.0165, PMID: 8615041. 
Boscarino JA, Logan HL, Lacny JJ, et al. Envelope protein palmitoylations are crucial for murine coronavirus 
assembly. J Virol 2008;82:2989-2999, doi: 10.1128/JV1.01906-07, PMID: 18184706. 

Bosch BJ, de Haan CA, Smits SL, et al. Spike protein assembly into the coronavirion: exploring the limits of its 
sequence requirements. Virology 2005;334:306-318, doi: 10.1016/j.virol.2005.02.001, PMID: 15780881. 

Bosch BJ, Rottier PJM. Nidovirus entry into cells. In: Perlman S, Gallagher T, Snijder EJ, eds. Nidoviruses. 
Washington: ASM Press; 2008:361-377. 

Bosch BJ, van der Zee R, de Haan CA, et al. The coronavirus spike protein is a class I virus fusion protein: structural 
and functional characterization of the fusion core complex. J Virol 2003;77:8801-8811, doi: 
10.1128/JVI.77.16.8801-8811.2003, PMID: 12885899. 

Bouvet M, Imbert I, Subissi L, et al. RNA 3'-end mismatch excision by the severe acute respiratory syndrome 
coronavirus nonstructural protein nsp10/nsp14 exoribonuclease complex. Proc Natl Acad Sci U S A 
2012;109:9372-9377, doi: 10.1073/pnas. 1201130109, PMID: 22635272. 

Brierley I, Digard P, Inglis SC. Characterization of an efficient coronavirus ribosomal frameshifting signal: 
requirement for an RNA pseudoknot. Cell 1989;57:537-547, doi: 10.1016/0092-8674(89)90124-4, PMID: 2720781. 
Brierley I, Rolley NJ, Jenner AJ, et al. Mutational analysis of the RNA pseudoknot component of a coronavirus 
ribosomal frameshifting signal. J Mol Biol 1991;220:889-902, doi: 10.1016/0022-2836(91)90361-9, PMID: 


51. 


52. 


53. 


34. 


5D. 


56. 


57. 


58. 


59. 


60. 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


72. 


1880803. 

Calvo E, Escors D, Lépez JA, et al. Phosphorylation and subcellular localization of transmissible gastroenteritis virus 
nucleocapsid protein in infected cells. J Gen Virol 2005;86:2255-2267, doi: 10.1099/vir.0.80975-0, PMID: 
16033973. 

Cameron MJ, Ran L, Xu L, et al. Interferon-mediated immunopathological events are associated with atypical innate 
and adaptive immune responses in patients with severe acute respiratory syndrome. J Virol 2007;81:8692-8706, doi: 
10.1128/JVI.00527-07, PMID: 17537853. 

Canton J, Fehr AR, Fernandez-Delgado R, et al. MERS-CoV 4b protein interferes with the NF-kappaB-dependent 
innate immune response during infection. PLoS Pathog 2018;14:e1006838, doi: 10.1371/journal.ppat. 1006838, 
PMID: 29370303. 

Casais R, Thiel V, Siddell SG, et al. Reverse genetics system for the avian coronavirus infectious bronchitis virus. J 
Virol 2001;75:12359-12369, doi: 10.1128/JVI.75.24.12359-12369.2001, PMID: 11711626. 

Case JB, Li Y, Elliott R, et al. Murine hepatitis virus nsp14 exoribonuclease activity is required for resistance to 
innate immunity. J Virol 2018;92:e01531-17, doi: 10.1128/JVI.01531-17, PMID: 29046453. 

Cauchemez S, Nouvellet P, Cori A, et al. Unraveling the drivers of MERS-CoV transmission. Proc Natl Acad Sci U 
S A 2016;113:9081-9086, doi: 10.1073/pnas. 1519235113, PMID: 27457935. 

Caul EO, Ashley CR, Ferguson M, et al. Preliminary studies on the isolation of coronavirus 229E nucleocapsids. 
FEMS Microbiol Lett. 1979;5:101-105. doi:10.1111/j.1574-6968.1979.tb03256.x. 

Cavanagh D, Davis PJ, Pappin DJ. Coronavirus IBV glycopolypeptides: locational studies using proteases and 
saponin, a membrane permeabilizer. Virus Res 1986;4:145-156, doi: 10.1016/0168-1702(86)90038-9, PMID: 
3010596. 

Cavanagh D, Davis PJ, Pappin DJ, et al. Coronavirus IBV: partial amino terminal sequencing of spike polypeptide 
S2 identifies the sequence Arg-Arg-Phe-Arg-Arg at the cleavage site of the spike precursor propolypeptide of IBV 
strains Beaudette and M41. Virus Res 1986;4:133-143, doi: 10.1016/0168-1702(86)90037-7, PMID: 3010595. 

CDC. Middle East respiratory syndrome (MERS): case definitions. 2014. Available at: 
http://www.cdc.gov/coronavirus/mers/case-def.html 

Cervantes-Barragan L, Kalinke U, Zust R, et al. Type I IFN-mediated protection of macrophages and dendritic cells 
secures control of murine coronavirus infection. J Immunol 2009;182:1099-1106, doi: 
10.4049/jimmunol.182.2.1099, PMID: 19124753. 

Cervantes-Barragan L, Zust R, Weber F, et al. Control of coronavirus infection through plasmacytoid dendritic cell- 
derived type I interferon. Blood 2006;109:1131—1137, doi: 10.1182/blood-2006-05-023770, PMID: 16985170. 

Cha RH, Joh JS, Jeong I, et al. Renal complications and their prognosis in Korean patients with Middle East 
Respiratory Syndrome-Coronavirus from the central MERS-CoV designated hospital. J Korean Med Sci 
2015;30:1807-1814, doi: 10.3346/jkms.2015.30.12.1807, PMID: 26713056. 

Chan KH, Chan JF, Tse H, et al. Cross-reactive antibodies in convalescent SARS patients’ sera against the emerging 
novel human coronavirus EMC (2012) by both immunofluorescent and neutralizing antibody tests. J Infect 
2013;67:130-140, doi: 10.1016/j.jinf.2013.03.015, PMID: 23583636. 

Chan JF, Lau SK, To KK, et al. Middle East respiratory syndrome coronavirus: another zoonotic betacoronavirus 
causing SARS-like disease. Clin Microbiol Rev 2015;28:465—522, doi: 10.1128/CMR.00102-14, PMID: 25810418. 
Chan KH, Poon LL, Cheng VC, et al. Detection of SARS coronavirus in patients with suspected SARS. Emerg Infect 
Dis 2004; 10:294—299, doi: 10.3201/eid1002.030610, PMID: 15030700. 

Chang CK, Chen CM, Chiang MH, et al. Transient oligomerization of the SARS-CoV N protein—implication for 
virus ribonucleoprotein packaging. PLoS One 2013;8:e65045, doi: 10.1371/journal.pone.0065045, PMID: 23717688. 
Chang CK, Hou MH, Chang CF, et al. The SARS coronavirus nucleocapsid protein—forms and functions. Antiviral 
Res 2014;103:39—50, doi: 10.1016/j.antiviral.2013.12.009, PMID: 24418573. 

Chang CK, Hsu YL, Chang YH, et al. Multiple nucleic acid binding sites and intrinsic disorder of severe acute 
respiratory syndrome coronavirus nucleocapsid protein: implications for ribonucleocapsid protein packaging. J Virol 
2009;83:2255—2264, doi: 10.1128/JVI.02001-08, PMID: 19052082. 

Channappanavar R, Fehr AR, Vijay R, et al. Dysregulated type I interferon and inflammatory monocyte-macrophage 
responses cause lethal pneumonia in SARS-CoV-infected mice. Cell Host Microbe 2016;19:181-193, doi: 
10.1016/j.chom.2016.01.007, PMID: 26867177. 

Channappanavar R, Zhao J, Perlman S. T cell-mediated immune response to respiratory coronaviruses. Immunol Res 
2014;59:118-128, doi: 10.1007/s12026-014-8534-z, PMID: 24845462. 

Chen Y, Cai H, Pan J, et al. Functional screen reveals SARS coronavirus nonstructural protein nsp14 as a novel cap 
N7 methyltransferase. Proc Natl Acad Sci U S A 2009;106:3484—3489, doi: 10.1073/pnas.0808790106, PMID: 


73. 


74, 


75. 


76. 


77. 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


89. 


90. 


91. 


92. 


93. 


94. 


95. 


19208801. 

Chen CY, Chang CK, Chang YW, et al. Structure of the SARS coronavirus nucleocapsid protein RNA-binding 
dimerization domain suggests a mechanism for helical packaging of viral RNA. J Mol Biol 2007;368:1075—1086, 
doi: 10.1016/j.jmb.2007.02.069, PMID: 17379242. 

Chen H, Gill A, Dove BK, et al. Mass spectroscopic characterization of the coronavirus infectious bronchitis virus 
nucleoprotein and elucidation of the role of phosphorylation in RNA binding by using surface plasmon resonance. J 
Virol 2005;79:1164—1179, doi: 10.1128/JVI1.79.2.1164-1179.2005, PMID: 15613344. 

Chen H, Hou J, Jiang X, et al. Response of memory CD8+ T cells to severe acute respiratory syndrome (SARS) 
coronavirus in recovered SARS patients and healthy individuals. J Immunol 2005;175:591-598, doi: 
10.4049/jimmunol.175.1.591, PMID: 15972696. 

Chen J, Subbarao K. The immunobiology of SARS. Annu Rev Immunol 2007;25:443-472, doi: 
10.1146/annurev.immunol.25.022106.141706, PMID: 17243893. 

Chen SC, van den Born E, van den Worm SH, et al. New structure model for the packaging signal in the genome of 
group Ila coronaviruses. J Virol 2007;81:6771-6774, doi: 10.1128/JVI.02231-06, PMID: 17428856. 

Cheng VC, Chan JF, To KK, et al. Clinical management and infection control of SARS: lessons learned. Antiviral 
Res 2013;100:407-419, doi: 10.1016/j.antiviral.2013.08.016, PMID: 23994190. 

Chibo D, Birch C. Analysis of human coronavirus 229E spike and nucleoprotein genes demonstrates genetic drift 
between chronologically distinct strains. J Gen Virol 2006;87:1203-1208, doi: 10.1099/vir.0.81662-0, PMID: 
16603522. 

Chinese SMEC. Molecular evolution of the SARS coronavirus during the course of the SARS epidemic in China. 
Science 2004;303:1666—1669, doi: 10.1126/science.1092002, PMID: 14752165. 

Cho SY, Kang JM, Ha YE, et al. MERS-CoV outbreak following a single patient exposure in an emergency room in 
South Korea: an epidemiological outbreak study. Lancet 2016;388:994—1001, doi: 10.1016/S0140-6736(16)30623-7, 
PMID: 27402381. 

Choi S, Jung E, Choi BY, et al. High reproduction number of Middle East respiratory syndrome coronavirus in 
nosocomial outbreaks: mathematical modelling in Saudi Arabia and South Korea. J Hosp Infect 2018;99:162-168, 
doi: 10.1016/j.jhin.2017.09.017, PMID: 28958834. 

Chu DKW, Hui KPY, Perera R, et al. MERS coronaviruses from camels in Africa exhibit region-dependent genetic 
diversity. Proc Natl Acad Sci US A 2018;115:3144—3149, doi: 10.1073/pnas.1718769115, PMID: 29507189. 

Chu H, Zhou J, Wong BH, et al. Middle East Respiratory Syndrome coronavirus efficiently infects human primary T 
lymphocytes and activates the extrinsic and intrinsic apoptosis pathways. J Infect Dis 2016;213:904-914, doi: 
10.1093/infdis/jiv380, PMID: 26203058. 

Cockrell AS, Yount BL, Scobey T, et al. A mouse model for MERS coronavirus-induced acute respiratory distress 
syndrome. Nat Microbiol 2016;2:16226, doi: 10.1038/nmicrobiol.2016.226, PMID: 27892925. 

Collins AR, Knobler RL, Powell H, et al. Monoclonal antibodies to murine hepatitis virus-4 (strain JHM) define the 
viral glycoprotein responsible for attachment and cell-cell fusion. Virology 1982;119:358-371, doi: 10.1016/0042- 
6822(82)90095-2, PMID: 6281979. 

Cologna R, Spagnolo JF, Hogue BG. Identification of nucleocapsid binding sites within coronavirus-defective 
genomes. Virology 2000;277:235—249, doi: 10.1006/viro.2000.0611, PMID: 11080472. 

Compton SR, Barthold SW, Smith AL. The cell and molecular pathogenesis of coronaviruses. Lab Anim Sci 
1993;43:15—28, PMID: 8384676. 

Cong Y, Kriegenburg F, de Haan CAM, et al. Coronavirus nucleocapsid proteins assemble constitutively in high 
molecular oligomers. Sci Rep 2017;7:5740, doi: 10.1038/s41598-017-06062-w, PMID: 28720894. 

Cong Y, Ren X. Coronavirus entry and release in polarized epithelial cells: a review. Rev Med Virol 
2014;24:308-315, doi: 10.1002/rmv.1792, PMID: 24737708. 

Conzade R, Grant R, Malik MR, et al. Reported direct and indirect contact with dromedary camels among 
laboratory-confirmed MERS-CoV cases. Viruses 2018;10:425, doi: 10.3390/v10080425, PMID: 30104551. 

Corman VM, Baldwin HJ, Tateno AF, et al. Evidence for an ancestral association of human coronavirus 229E with 
bats. J Virol 2015;89:11858-11870, doi: 10.1128/JVI.01755-15, PMID: 26378164. 

Corman VM, Eckerle I, Memish ZA, et al. Link of a ubiquitous human coronavirus to dromedary camels. Proc Natl 
Acad Sci U S A 2016;113:9864—9869, doi: 10.1073/pnas.1604472113, PMID: 27528677. 

Corman VM, Ithete NL, Richards LR, et al. Rooting the phylogenetic tree of middle East respiratory syndrome 
coronavirus by characterization of a conspecific virus from an African bat. J Virol 2014;88:11297-11303, doi: 
10.1128/JVI.01498-14, PMID: 25031349. 

Cornelissen LA, Wierda CM, van der Meer FJ, et al. Hemagglutinin-esterase, a novel structural protein of torovirus. 


96. 


97. 


98. 


99. 


100. 


101. 


102. 


103. 


104. 


105. 


106. 


107. 


108. 


109. 


110. 


111. 


112. 


113. 


114. 


115. 


116. 


117. 


118. 


119. 


J Virol 1997;71:5277-5286, doi: 10.1128/JVI.71.7.5277-5286.1997, PMID: 9188596. 

Corse E, Machamer CE. Infectious bronchitis virus E protein is targeted to the Golgi complex and directs release of 
virus-like particles. J Virol 2000;74:4319-4326, doi: 10.1128/JV1.74.9.4319-4326.2000, PMID: 10756047. 

Corse E, Machamer CE. The cytoplasmic tail of infectious bronchitis virus E protein directs Golgi targeting. J Virol 
2002;76:1273-1284, doi: 10.1128/JVI.76.3.1273-1284.2002, PMID: 11773403. 

Cotten M, Watson SJ, Zumla AI, et al. Spread, circulation, and evolution of the Middle East respiratory syndrome 
coronavirus. MBio 2014;5:e01062-13, doi: 10.1128/mBio.01062-13, PMID: 24549846. 

Cowley JA, Walker PJ. Molecular biology and pathogenesis of roniviruses. In: Perlman S, Gallagher T, Snijder EJ, 
eds. Nidoviruses. Washington: ASM Press; 2008:361-377. 

Cruz JL, Becares M, Sola I, et al. Alphacoronavirus protein 7 modulates host innate immune response. J Virol 
2013;87:9754—9767, doi: 10.1128/JVI.01032-13, PMID: 23824792. 

Cruz JL, Sola I, Becares M, et al. Coronavirus gene 7 counteracts host defenses and modulates virus virulence. PLoS 
Pathog 2011;7:e1002090, doi: 10.1371/journal.ppat. 1002090, PMID: 21695242. 

Cui W, Fan Y, Wu W, et al. Expression of lymphocytes and lymphocyte subsets in patients with severe acute 
respiratory syndrome. Clin Infect Dis 2003;37:857—-859, doi: 10.1086/378587, PMID: 12955652. 

Daffis S, Szretter KJ, Schriewer J, et al. 2'-O methylation of the viral mRNA cap evades host restriction by IFIT 
family members. Nature 2010;468:452-456, doi: 10.1038/nature09489, PMID: 21085181. 

Davies HA, Dourmashkin RR, Macnaughton MR. Ribonucleoprotein of avian infectious bronchitis virus. J Gen Virol 
1981;53:67—74, doi: 10.1099/0022-1317-53-1-67, PMID: 6268741. 

de Groot RJ. Structure, function and evolution of the hemagglutinin-esterase proteins of corona- and toroviruses. 
Glycoconj J 2006;23:59—72, doi: 10.1007/s10719-006-5438-8, PMID: 16575523. 

de Groot RJ, Baker SC, Baric R, et al. Family—Coronaviridae. In: King AMQ, Adams MJ, Carstens EB, et al. eds. 
Virus Taxonomy Classification and Nomenclature of Viruses Ninth Report of the International Committee on 
Taxonomy of Viruses. San Diego: Elsevier; 2012:806-828. 

de Groot RJ, Luytjes W, Horzinek MC, et al. Evidence for a coiled-coil structure in the spike proteins of 
coronaviruses. J Mol Biol 1987;196:963-966, doi: 10.1016/0022-2836(87)90422-0, PMID: 3681988. 

de Groot-Mijnes JD, van Dun JM, van der Most RG, et al. Natural history of a recurrent feline coronavirus infection 
and the role of cellular immunity in survival and disease. J Virol 2005;79:1036-1044, doi: 10.1128/JVI.79.2.1036- 
1044.2005, PMID: 15613332. 

de Haan CA, de Wit M, Kuo L, et al. The glycosylation status of the murine hepatitis coronavirus M protein affects 
the interferogenic capacity of the virus in vitro and its ability to replicate in the liver but not the brain. Virology 
2003;312:395—406, doi: 10.1016/S0042-6822(03)00235-6, PMID: 12919744. 

de Haan CA, Masters PS, Shen X, et al. The group-specific murine coronavirus genes are not essential, but their 
deletion, by reverse genetics, is attenuating in the natural host. Virology 2002;296:177-189, doi: 
10.1006/viro.2002.1412, PMID: 12036329. 

de Haan CA, Roestenberg P, de Wit M, et al. Structural requirements for O-glycosylation of the mouse hepatitis 
virus membrane protein. J Biol Chem 1998;273:29905-—29914, doi: 10.1074/jbc.273.45.29905, PMID: 9792708. 

de Haan CA, Rottier PJ. Molecular interactions in the assembly of coronaviruses. Adv Virus Res 2005;64:165—230, 
doi: 10.1016/S0065-3527(05)64006-7, PMID: 16139595. 

de Haan CA, Volders H, Koetzner CA, et al. Coronaviruses maintain viability despite dramatic rearrangements of the 
strictly conserved genome organization. J Virol 2002;76:12491-12502, doi: 10.1128/JVI.76.24.12491-12502.2002, 
PMID: 12438575. 

Decroly E, Imbert I, Coutard B, et al. Coronavirus nonstructural protein 16 is a cap-0 binding enzyme possessing 
(nucleoside-2’O)-methyltransferase activity. J Virol 2008;82:8071-8084, doi: 10.1128/JVI.00407-08, PMID: 
18417574. 

DeDiego ML, Alvarez E, Almazan F, et al. A severe acute respiratory syndrome coronavirus that lacks the E gene is 
attenuated in vitro and in vivo. J Virol 2007;81:1701-1713, doi: 10.1128/JVI.01467-06, PMID: 17108030. 

Delmas B, Gelfi J, Kut E, et al. Determinants essential for the transmissible gastroenteritis virus-receptor interaction 
reside within a domain of aminopeptidase-N that is distinct from the enzymatic site. J Virol 1994;68:5216—5224, doi: 
10.1128/JVI1.68.8.5216-5224.1994, PMID: 7913510. 

Delmas B, Gelfi J, L’Haridon R, et al. Aminopeptidase N is a major receptor for the entero-pathogenic coronavirus 
TGEV. Nature 1992;357:417—420, doi: 10.1038/357417a0, PMID: 1350661. 

Delmas B, Gelfi J, Sjéstrém H, et al. Further characterization of aminopeptidase-N as a receptor for coronaviruses. 
Adv Exp Med Biol 1993;342:293-298, doi: 10.1007/978-1-4615-2996-5_45, PMID: 7911642. 

Delmas B, Laude H. Assembly of coronavirus spike protein into trimers and its role in epitope expression. J Virol 


120. 


121. 


122. 


123. 


124. 


125. 


126. 


127. 


128. 


129. 


130. 


131. 


132. 


133. 


134. 


135. 


136. 


137. 


138. 


139. 


140. 


1990;64:5367—-5375, doi: 10.1128/JV1.64.11.5367-5375.1990, PMID: 2170676. 

Deming DJ, Baric RS. Genetics and reverse genetics of nidoviruses. In: Perlman S, Gallagher T, Snijder EJ, eds. 
Nidoviruses. Washington: ASM Press; 2008:47-64. 

Deming DJ, Graham RL, Denison MR, et al. Processing of open reading frame 1a replicase proteins nsp7 to nsp10 in 
murine hepatitis virus strain A59 replication. J Virol 2007;81:10280-10291, doi: 10.1128/JVI.00017-07, PMID: 
17634238. 

Deng X, Baker SC. An “old” protein with a new story: Coronavirus endoribonuclease is important for evading host 
antiviral defenses. Virology 2018;517:157—-163, doi: 10.1016/j.virol.2017.12.024, PMID: 29307596. 

Deng X, Hackbart M, Mettelman RC, et al. Coronavirus nonstructural protein 15 mediates evasion of dsRNA sensors 
and limits apoptosis in macrophages. Proc Natl Acad Sci U S A  2017;114:E4251-E4260, doi: 
10.1073/pnas.1618310114, PMID: 28484023. 

Devaraj SG, Wang N, Chen Z, et al. Regulation of IRF-3-dependent innate immunity by the papain-like protease 
domain of the severe acute respiratory syndrome coronavirus. J Biol Chem 2007;282:32208-32221, doi: 
10.1074/jbc.M704870200, PMID: 17761676. 

Ding Z, Fang L, Yuan S, et al. The nucleocapsid proteins of mouse hepatitis virus and severe acute respiratory 
syndrome coronavirus share the same IFN-beta antagonizing mechanism: attenuation of PACT-mediated RIG- 
I/MDAS activation. Oncotarget 2017;8:49655—49670, doi: 10.18632/oncotarget.17912, PMID: 28591694. 

Donnelly CA, Ghani AC, Leung GM, et al. Epidemiological determinants of spread of causal agent of severe acute 
respiratory syndrome in Hong Kong. Lancet 2003;361:1761-1766, doi: 10.1016/S0140-6736(03)13410-1, PMID: 
12781533. 

Drosten C, Giinther S, Preiser W, et al. Identification of a novel coronavirus in patients with severe acute respiratory 
syndrome. N Engl J Med 2003;348:1967-1976, doi: 10.1056/NEJMoa030747, PMID: 12690091. 

Drosten C, Meyer B, Muller MA, et al. Transmission of MERS-coronavirus in household contacts. N Engl J Med 
2014;371:828-835, doi: 10.1056/NEJMoa1405858, PMID: 25162889. 

Dveksler GS, Dieffenbach CW, Cardellichio CB, et al. Several members of the mouse carcinoembryonic antigen- 
related glycoprotein family are functional receptors for the coronavirus mouse hepatitis virus-A59. J Virol 
1993;67:1-8, doi: 10.1128/JVI.67.1.1-8.1993, PMID: 8380065. 

Dveksler GS, Pensiero MN, Cardellichio CB, et al. Cloning of the mouse hepatitis virus (MHV) receptor: expression 
in human and hamster cell lines confers susceptibility to MHV. J Virol 1991;65:6881-6891, doi: 
10.1128/JVI1.65.12.6881-6891.1991, PMID: 1719235. 

Dye C, Temperton N, Siddell SG. Type I feline coronavirus spike glycoprotein fails to recognize aminopeptidase N 
as a functional receptor on feline cell lines. J Gen Virol 2007;88:1753-1760, doi: 10.1099/vir.0.82666-0, PMID: 
17485536. 

Earnest JT, Hantak MP, Li K, et al. The tetraspanin CD9 facilitates MERS-coronavirus entry by scaffolding host cell 
receptors and proteases. PLoS Pathog 2017;13:e1006546, doi: 10.1371/journal.ppat. 1006546, PMID: 28759649. 
Eckerle LD, Becker MM, Halpin RA, et al. Infidelity of SARS-CoV Nsp14-exonuclease mutant virus replication is 
revealed by complete genome sequencing. PLoS Pathog 2010;6:e1000896, doi: 10.1371/journal.ppat.1000896, 
PMID: 20463816. 

Emery SL, Erdman DD, Bowen MD, et al. Real-time reverse transcription-polymerase chain reaction assay for 
SARS-associated coronavirus. Emerg Infect Dis 2004;10:311—316, doi: 10.3201/eid1002.030759, PMID: 15030703. 
Escors D, Izeta A, Capiscol C, et al. Transmissible gastroenteritis coronavirus packaging signal is located at the 5’ 
end of the virus genome. J Virol 2003;77:7890—7902, doi: 10.1128/JVI1.77.14.7890-7902.2003, PMID: 12829829. 
Escors D, Ortego J, Laude H, et al. The membrane M protein carboxy terminus binds to transmissible gastroenteritis 
coronavirus core and contributes to core stability. J Virol 2001;75:1312-1324, doi: 10.1128/JVI.75.3.1312- 
1324.2001, PMID: 11152504. 

Fan H, Ooi A, Tan YW, et al. The nucleocapsid protein of coronavirus infectious bronchitis virus: crystal structure of 
its N-terminal domain and multimerization properties. Structure 2005;13:1859-1868, doi: 10.1016/j.str.2005.08.021, 
PMID: 16338414. 

Fang P, Fang L, Ren J, et al. Porcine deltacoronavirus accessory protein NS6 antagonizes interferon beta production 
by interfering with the binding of RIG-I/MDAS to double-stranded RNA. J Virol 2018;92:e00712—e00718, doi: 
10.1128/JV1.00712-18, PMID: 29769346. 

FAO-OIE-WHO MERS Technical Working Group. MERS: Progress on the global response, remaining challenges 
and the way forward. Antiviral Res 2018;159:35—44, doi: 10.1016/j.antiviral.2018.09.002, PMID: 30236531. 

Fehr AR, Athmer J, Channappanavar R, et al. The nsp3 macrodomain promotes virulence in mice with coronavirus- 
induced encephalitis. J Virol 2015;89:1523-1536, doi: 10.1128/JVI.02596-14, PMID: 25428866. 


141. 


142. 


143. 


144. 


145. 


146. 


147. 


148. 


149. 


150. 


151. 


152. 


153. 


154. 


155. 


156. 


157. 


158. 


159. 


160. 


161. 


162. 


Fehr AR, Jankevicius G, Ahel I, et al. Viral macrodomains: unique mediators of viral replication and pathogenesis. 
Trends Microbiol 2018;26:598-610, doi: 10.1016/j.tim.2017.11.011, PMID: 29268982. 

Frieman M, Ratia K, Johnston RE, et al. Severe acute respiratory syndrome coronavirus papain-like protease 
ubiquitin-like domain and catalytic domain regulate antagonism of IRF3 and NF-kappaB signaling. J Virol 
2009;83:6689-6705, doi: 10.1128/JVI.02220-08, PMID: 19369340. 

Frieman M, Yount B, Heise M, et al. Severe acute respiratory syndrome coronavirus ORF6 antagonizes STAT1 
function by sequestering nuclear import factors on the rough endoplasmic reticulum/Golgi membrane. J Virol 
2007;81:9812—9824, doi: 10.1128/JVI.01012-07, PMID: 17596301. 

Garwes DJ, Pocock DH, Pike BV. Isolation of subviral components from transmissible gastroenteritis virus. J Gen 
Virol 1976;32:283—294, doi: 10.1099/0022-1317-32-2-283, PMID: 190341. 

Gaunt ER, Hardie A, Claas EC, et al. Epidemiology and clinical presentations of the four human coronaviruses 
229E, HKU1, NL63, and OC43 detected over 3 years using a novel multiplex real-time PCR method. J Clin 
Microbiol 2010;48:2940-2947, doi: 10.1128/JCM.00636-10, PMID: 20554810. 

Ge XY, Li JL, Yang XL, et al. Isolation and characterization of a bat SARS-like coronavirus that uses the ACE2 
receptor. Nature 2013;503:535—538, doi: 10.1038/nature12711, PMID: 24172901. 

Godet M, Grosclaude J, Delmas B, et al. Major receptor-binding and neutralization determinants are located within 
the same domain of the transmissible gastroenteritis virus (coronavirus) spike protein. J Virol 1994;68:8008-8016, 
doi: 10.1128/JVI.68.12.8008-8016.1994, PMID: 7525985. 

Goebel SJ, Hsue B, Dombrowski TF, et al. Characterization of the RNA components of a putative molecular switch 
in the 3’ untranslated region of the murine coronavirus genome. J Virol 2004;78:669-682, doi: 10.1128/JVI.78.2.669- 
682.2004, PMID: 14694098. 

Goebel SJ, Miller TB, Bennett CJ, et al. A hypervariable region within the 3’ cis-acting element of the murine 
coronavirus genome is nonessential for RNA synthesis but affects pathogenesis. J Virol 2007;81:1274—1287, doi: 
10.1128/JVI.00803-06, PMID: 17093194. 

Goebel SJ, Taylor J, Masters PS. The 3’ cis-acting genomic replication element of the severe acute respiratory 
syndrome coronavirus can function in the murine coronavirus genome. J Virol 2004;78:7846—7851, doi: 
10.1128/JVI.78.14.7846-7851.2004, PMID: 15220462. 

Goldstein SA, Thornbrough JM, Zhang R, et al. Lineage A betacoronavirus NS2 proteins and the homologous 
torovirus Berne pp1a carboxy-terminal domain are phosphodiesterases that antagonize activation of RNase L. J Virol 
2017;91:e02201—e02216, doi: 10.1128/JVI.02201-16, PMID: 28003490. 

Gorbalenya AE. Genomics and evolution of the Nidovirales. In: Perlman S, Gallagher T, Snijder EJ, eds. 
Nidoviruses. Washington, DC: ASM Press; 2008:15-28. 

Gorbalenya AE, Enjuanes L, Ziebuhr J, et al. Nidovirales: evolving the largest RNA virus genome. Virus Res 
2006;117:17—37, doi: 10.1016/j.virusres.2006.01.017, PMID: 16503362. 

Gorbalenya AE, Koonin EV, Donchenko AP, et al. Coronavirus genome: prediction of putative functional domains 
in the non-structural polyprotein by comparative amino acid sequence analysis. Nucleic Acids Res 
1989;17:4847—4861, doi: 10.1093/nar/17.12.4847, PMID: 2526320. 

Gorse GJ, O’Connor TZ, Hall SL, et al. Human coronavirus and acute respiratory illness in older adults with chronic 
obstructive pulmonary disease. J Infect Dis 2009;199:847-857, doi: 10.1086/597122, PMID: 19239338. 

Graham RL, Donaldson EF, Baric RS. A decade after SARS: strategies for controlling emerging coronaviruses. Nat 
Rev Microbiol 2013;11:836—848, doi: 10.1038/nrmicro3143, PMID: 24217413. 

Grossoehme NE, Li L, Keane SC, et al. Coronavirus N protein N-terminal domain (NTD) specifically binds the 
transcriptional regulatory sequence (TRS) and melts TRS-cTRS RNA duplexes. J Mol Biol 2009;394:544—557, doi: 
10.1016/j.jmb.2009.09.040, PMID: 19782089. 

Gu J, Gong E, Zhang B, et al. Multiple organ infection and the pathogenesis of SARS. J Exp Med 
2005;202:415—424, doi: 10.1084/jem.20050828, PMID: 16043521. 

Guan BJ, Su YP, Wu HY, et al. Genetic evidence of a long-range RNA-RNA interaction between the genomic 5’ 
untranslated region and the nonstructural protein 1 coding region in murine and bovine coronaviruses. J Virol 
2012;86:4631—4643, doi: 10.1128/JVI.06265-11, PMID: 22345457. 

Guan BJ, Wu HY, Brian DA. An optimal cis-replication stem-loop IV in the 5’ untranslated region of the mouse 
coronavirus genome extends 16 nucleotides into open reading frame 1. J Virol 2011;85:5593-5605, doi: 
10.1128/JVI.00263-11, PMID: 21430057. 

Guan Y, Zheng BJ, He YQ, et al. Isolation and characterization of viruses related to the SARS coronavirus from 
animals in southern China. Science 2003;302:276—278, doi: 10.1126/science.1087139, PMID: 12958366. 

Guy JS, Breslin JJ, Breuhaus B, et al. Characterization of a coronavirus isolated from a diarrheic foal. J Clin 


163. 


164. 


165. 


166. 


167. 


168. 


169. 


170. 


171. 


172. 


173. 


174. 


175. 


176. 


177. 


178. 


179. 


180. 


181. 


182. 


183. 


184. 


Microbiol 2000;38:4523-4526, doi: 10.1128/JCM.38.12.4523-4526.2000, PMID: 11101590. 

Haagmans BL, van den Brand JM, Raj VS, et al. An orthopoxvirus-based vaccine reduces virus excretion after 
MERS-CoV infection in dromedary camels. Science 2016;351(6268):77-81, doi: 10.1126/science.aad1283, PMID: 
26678878. 

Hagemeijer MC, Monastyrska I, Griffith J, et al. Membrane rearrangements mediated by coronavirus nonstructural 
proteins 3 and 4. Virology 2014;458—459:125-135, doi: 10.1016/j.virol.2014.04.027, PMID: 24928045. 

Haijema BJ, Volders H, Rottier PJ. Switching species tropism: an effective way to manipulate the feline coronavirus 
genome. J Virol 2003;77:4528—4538, doi: 10.1128/JVI1.77.8.4528-4538.2003, PMID: 12663759. 

Hand J, Rose EB, Salinas A, et al. Severe respiratory illness outbreak associated with human coronavirus NL63 in a 
long-term care facility. Emerg Infect Dis 2018;24:1964—1966, doi: 10.3201/eid2410.180862, PMID: 30226169. 

Hao W, Wojdyla JA, Zhao R, et al. Crystal structure of Middle East respiratory syndrome coronavirus helicase. PLoS 
Pathog 2017;13:e1006474, doi: 10.1371/journal.ppat.1006474, PMID: 28651017. 

Harrison SC. Viral membrane fusion. Nat Struct Mol Biol 2008;15:690-698, doi: 10.1038/nsmb.1456, PMID: 
18596815. 

Heald-Sargent T, Gallagher T. Ready, set, fuse! The coronavirus spike protein and acquisition of fusion competence. 
Viruses 2012;4:557—580, doi: 10.3390/v4040557, PMID: 22590686 

Hemmila E, Turbide C, Olson M, et al. Ceacam1a-/- mice are completely resistant to infection by murine coronavirus 
mouse hepatitis virus A59. J Virol 2004;78:10156-10165, doi: 10.1128/JVI.78.18.10156-10165.2004, PMID: 
15331748. 

Ho KY, Singh KS, Habib AG, et al. Mild illness associated with severe acute respiratory syndrome coronavirus 
infection: lessons from a prospective seroepidemiologic study of health-care workers in a teaching hospital in 
Singapore. J Infect Dis 2004;189:642-647, doi: 10.1086/381558, PMID: 14767817. 

Hofmann H, Pyrc K, van der Hoek L, et al. Human coronavirus NL63 employs the severe acute respiratory 
syndrome coronavirus receptor for cellular entry. Proc Natl Acad Sci U S A 2005;102:7988—7993, doi: 
10.1073/pnas.0409465102, PMID: 15897467. 

Hogue BG, Kienzle TE, Brian DA. Synthesis and processing of the bovine enteric coronavirus haemagglutinin 
protein. J Gen Virol 1989;70:345-352, doi: 10.1099/0022-1317-70-2-345, PMID: 2732694. 

Hogue BG, Machamer CE. Coronavirus structural proteins and virus assembly. In: Perlman S, Gallagher T, Snijder 
EJ, eds. Nidoviruses. Washington: ASM Press; 2008:179-200. 

Holmes KV, Doller EW, Sturman LS. Tunicamycin resistant glycosylation of coronavirus glycoprotein: 
demonstration of a novel type of viral glycoprotein. Virology 1981;115:334—344, doi: 10.1016/0042-6822(81)90115- 
x, PMID: 7314449. 

Hoskins JD. Coronavirus infection in cats. Vet Clin North Am Small Anim Pract 1993;23:1—16, doi: 10.1016/S0195- 
5616(93)50001-3, PMID: 8380655. 

Hsueh PR, Huang LM, Chen PJ, et al. Chronological evolution of IgM, IgA, IgG and neutralisation antibodies after 
infection with SARS-associated coronavirus. Clin Microbiol Infect 2004;10:1062—1066, doi: 10.1111/j.1469- 
0691.2004.01009.x, PMID: 15606632. 

Hu Y, Li W, Gao T, et al. The severe acute respiratory syndrome coronavirus nucleocapsid inhibits Type I interferon 
production by interfering with TRIM25-mediated RIG-I ubiquitination. J Virol 2017;91:e02143-16, doi: 
10.1128/JVI.02143-16, PMID: 28148787. 

Hu B, Zeng LP, Yang XL, et al. Discovery of a rich gene pool of bat SARS-related coronaviruses provides new 
insights into the origin of SARS coronavirus. PLoS Pathog 2017;13:e1006698, doi: 10.1371/journal.ppat.1006698, 
PMID: 29190287. 

Huang IC, Bosch BJ, Li F, et al. SARS coronavirus, but not human coronavirus NL63, utilizes cathepsin L to infect 
ACE2-expressing cells. J Biol Chem 2006;281:3198-3203, doi: 10.1074/jbc.M508381200, PMID: 16339146. 

Huang LR, Chiu CM, Yeh SH, et al. Evaluation of antibody responses against SARS coronaviral nucleocapsid or 
spike proteins by immunoblotting or ELISA. J Med Virol 2004;73:338-346, doi: 10.1002/jmv.20096, PMID: 
15170626. 

Huang C, Liu WJ, Xu W, et al. A bat-derived putative cross-family recombinant coronavirus with a reovirus gene. 
PLoS Pathog 2016;12:e1005883, doi: 10.1371/journal.ppat.1005883, PMID: 27676249. 

Hui DS, Azhar EI, Kim YJ, et al. Middle East respiratory syndrome coronavirus: risk factors and determinants of 
primary, household, and nosocomial transmission. Lancet Infect Dis 2018;18:e217-e227, doi: 10.1016/S1473- 
3099(18)30127-0, PMID: 29680581. 

Hurst KR, Koetzner CA, Masters PS. Identification of in vivo-interacting domains of the murine coronavirus 
nucleocapsid protein. J Virol 2009;83:7221—7234, doi: 10.1128/JVI.00440-09, PMID: 19420077. 


185. 


186. 


187. 


188. 


189. 


190. 


191. 


192. 


193. 


194. 


195. 


196. 


197. 


198. 


199. 


200. 


201. 


202. 


203. 


204. 


205. 


206. 


Hurst KR, Koetzner CA, Masters PS. Characterization of a critical interaction between the coronavirus nucleocapsid 
protein and nonstructural protein 3 of the viral replicase-transcriptase complex. J Virol 2013;87:9159-9172, doi: 
10.1128/JVI1.01275-13, PMID: 23760243. 

Hurst KR, Kuo L, Koetzner CA, et al. A major determinant for membrane protein interaction localizes to the 
carboxy-terminal domain of the mouse coronavirus nucleocapsid protein. J Virol 2005;79:13285-13297, doi: 
10.1128/JVI.79.21.13285-13297.2005, PMID: 16227251. 

Hurst KR, Ye R, Goebel SJ, et al. An interaction between the nucleocapsid protein and a component of the replicase- 
transcriptase complex is crucial for the infectivity of coronavirus genomic RNA. J Virol 2010;84:10276—10288, doi: 
10.1128/JVI1.01287-10, PMID: 20660183. 

International Committee on Taxonomy of Viruses (ICTV). Virus Taxonomy: 2017 Release. Available at: 
https://talk.ictvonline.org/taxonomy/ 

Ireland DD, Stohlman SA, Hinton DR, et al. Type I interferons are essential in controlling neurotropic coronavirus 
infection irrespective of functional CD8 T cells. J Virol 2008;82:300—310, doi: 10.1128/JVI.01794-07, PMID: 
17928334. 

Irigoyen N, Firth AE, Jones JD, et al. High-resolution analysis of coronavirus gene expression by RNA sequencing 
and ribosome profiling. PLoS Pathog 2016;12:e1005473, doi: 10.1371/journal.ppat.1005473, PMID: 26919232. 
Isaacs D, Flowers D, Clarke JR, et al. Epidemiology of coronavirus respiratory infections. Arch Dis Child 
1983;58:500-503, doi: 10.1136/adc.58.7.500, PMID: 6307189. 

Ivanov KA, Hertzig T, Rozanov M, et al. Major genetic marker of nidoviruses encodes a replicative 
endoribonuclease. Proc Natl Acad Sci U S A 2004;101:12694—12699, doi: 10.1073/pnas.0403127101, PMID: 
15304651. 

Ivanov KA, Thiel V, Dobbe JC, et al. Multiple enzymatic activities associated with severe acute respiratory 
syndrome coronavirus helicase. J Virol 2004;78:5619-5632, doi: 10.1128/JVI.78.11.5619-5632.2004, PMID: 
15140959. 

Jackwood MW, Boynton TO, Hilt DA, et al. Emergence of a group 3 coronavirus through recombination. Virology 
2010;398:98-108, doi: 10.1016/j.virol.2009.11.044, PMID: 20022075. 

Jacobs L, van der Zeijst BA, Horzinek MC. Characterization and translation of transmissible gastroenteritis virus 
mRNAs. J Virol 1986;57:1010—1015, doi: 10.1128/JVI.57.3.1010-1015.1986, PMID: 3005607. 

Jacobse-Geels HE, Daha MR, Horzinek MC. Antibody, immune complexes, and complement activity fluctuations in 
kittens with experimentally induced feline infectious peritonitis. Am J Vet Res 1982;43:666—670, PMID: 6280534. 
Jeffers SA, Tusell SM, Gillim-Ross L, et al. CD209L (L-SIGN) is a receptor for severe acute respiratory syndrome 
coronavirus. Proc Natl Acad Sci U S A 2004;101:15748—15753, doi: 10.1073/pnas.0403812101, PMID: 15496474. 
Jung K, Hu H, Saif LJ. Porcine deltacoronavirus infection: etiology, cell culture for virus isolation and propagation, 
molecular epidemiology and pathogenesis. Virus Res 2016;226:50—59, doi: 10.1016/j.virusres.2016.04.009, PMID: 
27086031. 

Kang H, Feng M, Schroeder ME, et al. Putative cis-acting stem-loops in the 5’ untranslated region of the severe acute 
respiratory syndrome coronavirus can substitute for their mouse hepatitis virus counterparts. J Virol 
2006;80:10600—10614, doi: 10.1128/JV1.00455-06, PMID: 16920822. 

Kanjanahaluethai A, Chen Z, Jukneliene D, et al. Membrane topology of murine coronavirus replicase nonstructural 
protein 3. Virology 2007;361:391—-401, doi: 10.1016/j.virol.2006.12.009, PMID: 17222884. 

Kapke PA, Tung FY, Hogue BG, et al. The amino-terminal signal peptide on the porcine transmissible gastroenteritis 
coronavirus matrix protein is not an absolute requirement for membrane translocation and glycosylation. Virology 
1988;165:367—376, doi: 10.1016/0042-6822(88)90581-8, PMID: 2841792. 

Kaye HS, Dowdle WR. Seroepidemiologic survey of coronavirus (strain 229E) infections in a population of children. 
Am J Epidemiol 1975;101:238—244, doi: 10.1093/oxfordjournals.aje.a112091, PMID: 1115061. 

Kazi L, Lissenberg A, Watson R, et al. Expression of hemagglutinin esterase protein from recombinant mouse 
hepatitis virus enhances neurovirulence. J Virol 2005;79:15064—15073, doi: 10.1128/JVI.79.24.15064-15073.2005, 
PMID: 16306577. 

Keane SC, Giedroc DP. Solution structure of mouse hepatitis virus (MHV) nsp3a and determinants of the interaction 
with MHV nucleocapsid (N) protein. J Virol 2013;87:3502-3515, doi: 10.1128/JV1.03112-12, PMID: 23302895. 
Kennedy DA, Johnson-Lussenburg CM. Isolation and morphology of the internal component of human coronavirus, 
strain 229E. Intervirology 1975—1976;6:197—206, doi: 10.1159/000149474, PMID: 1235860. 

Kheyami AM, Nakagomi T, Nakagomi O, et al. Detection of coronaviruses in children with acute gastroenteritis in 
Maddina, Saudi Arabia. Ann Trop Paediatr 2010;30:45-50, doi: 10.1179/146532810X12637745451997, PMID: 
20196933. 


207. 


208. 


209. 


210. 


211. 


212. 


213. 


214. 


215. 


216. 


217. 


218. 


219. 


220. 


221. 


222. 


223. 


224, 


225. 


226. 


227. 


228. 


229, 


Ki CS, Lee H, Sung H, et al. Korean Society for Laboratory Medicine practice guidelines for the molecular diagnosis 
of Middle East respiratory syndrome during an outbreak in Korea in 2015. Ann Lab Med 2016;36:203-208, doi: 
10.3343/alm.2016.36.3.203, PMID: 26915607. 

Killerby ME, Biggs HM, Haynes A, et al. Human coronavirus circulation in the United States 2014-2017. J Clin 
Virol 2018;101:52—56, doi: 10.1016/j.jcv.2018.01.019, PMID: 29427907. 

Kim SH, Chang SY, Sung M, et al. Extensive viable Middle East respiratory syndrome (MERS) coronavirus 
contamination in air and surrounding environment in MERS isolation wards. Clin Infect Dis 2016;63:363—369, doi: 
10.1093/cid/ciw239, PMID: 27090992. 

Kim Y, Cheon S, Min CK, et al. Spread of mutant Middle East respiratory syndrome coronavirus with reduced 
affinity to human CD26 during the South Korean outbreak. MBio 2016;7:e00019, doi: 10.1128/mBio.00019-16, 
PMID: 26933050. 

Kim Y, Liu H, Galasiti Kankanamalage AC, et al. Reversal of the progression of fatal coronavirus infection in cats 
by a broad-spectrum coronavirus protease inhibitor, PLoS Pathog 2016;12:e1005531, — doi: 
10.1371/journal.ppat.1005531, PMID: 27027316. 

Kindler E, Gil-Cruz C, Spanier J, et al. Early endonuclease-mediated evasion of RNA sensing ensures efficient 
coronavirus replication. PLoS Pathog 2017;13:e1006195, doi: 10.1371/journal.ppat.1006195, PMID: 28158275. 
Kindler E, Thiel V, Weber F. Interaction of SARS and MERS coronaviruses with the antiviral interferon response. 
Adv Virus Res 2016;96:219-243, doi: 10.1016/bs.aivir.2016.08.006, PMID: 27712625. 

Kirchdoerfer RN, Cottrell CA, Wang N, et al. Pre-fusion structure of a human coronavirus spike protein. Nature 
2016;531:118-121, doi: 10.1038/nature17200, PMID: 26935699. 

Kirchdoerfer RN, Ward AB. Structure of the SARS-CoV nsp12 polymerase bound to nsp7 and nsp8 co-factors. Nat 
Commun 2019;10:2342, doi: 10.1038/s41467-019-10280-3, PMID: 31138817. 

Knoops K, Kikkert M, Worm SH, et al. SARS-coronavirus replication is supported by a reticulovesicular network of 
modified endoplasmic reticulum. PLoS Biol 2008;6:e226, doi: 10.1371/journal.pbio.0060226, PMID: 18798692. 

Ko JH, Muller MA, Seok H, et al. Serologic responses of 42 MERS-coronavirus-infected patients according to the 
disease severity. Diagn Microbiol Infect Dis 2017;89:106—111, doi: 10.1016/j.diagmicrobio.2017.07.006, PMID: 
28821364. 

Koetzner CA, Kuo L, Goebel SJ, et al. Accessory protein 5a is a major antagonist of the antiviral action of interferon 
against murine coronavirus. J Virol 2010;84:8262-8274, doi: 10.1128/JVI.00385-10, PMID: 20519394. 

Koetzner CA, Parker MM, Ricard CS, et al. Repair and mutagenesis of the genome of a deletion mutant of the 
coronavirus mouse hepatitis virus by targeted RNA recombination. J Virol 1992;66:1841-1848, doi: 
10.1128/JVI1.66.4.1841-1848.1992, PMID: 1312608. 

Kopecky-Bromberg SA, Martinez-Sobrido L, Frieman M, et al. SARS coronavirus proteins Orf 3b, Orf 6, and 
nucleocapsid function as interferon antagonists. J Virol 2006;81:548-557, doi: 10.1128/JVI.01782-06, PMID: 
17108024. 

Kottier SA, Cavanagh D, Britton P. Experimental evidence of recombination in coronavirus infectious bronchitis 
virus. Virology 1995;213:569-580, doi: 10.1006/viro.1995.0029, PMID: 7491781. 

Ksiazek TG, Erdman D, Goldsmith CS, et al. A novel coronavirus associated with severe acute respiratory syndrome. 
N Engl J Med 2003;348:1953-1966, doi: 10.1056/NEJMoa030781, PMID: 12690092. 

Kuba K, Imai Y, Rao S, et al. A crucial role of angiotensin converting enzyme 2 (ACE2) in SARS coronavirus- 
induced lung injury. Nat Med 2005;11:875-879, doi: 10.1038/nm1267, PMID: 16007097. 

Kubo H, Yamada YK, Taguchi F. Localization of neutralizing epitopes and the receptor-binding site within the 
amino-terminal 330 amino acids of the murine coronavirus spike protein. J Virol 1994;68:5403-5410, doi: 
10.1128/JVI1.68.9.5403-5410.1994, PMID: 7520090. 

Kuhn JH, Lauck M, Bailey AL, et al. Reorganization and expansion of the nidoviral family Arteriviridae. Arch Virol 
2016;161:755—768, doi: 10.1007/s00705-015-2672-z, PMID: 26608064. 

Kiinkel F, Herrler G. Structural and functional analysis of the surface protein of human coronavirus OC43. Virology 
1993;195:195-202, doi: 10.1006/viro.1993.1360, PMID: 8317096. 

Kuo L, Godeke GJ, Raamsman MJ, et al. Retargeting of coronavirus by substitution of the spike glycoprotein 
ectodomain: crossing the host cell species barrier. J Virol 2000;74:1393-1406, doi: 10.1128/JV1.74.3.1393- 
1406.2000, PMID: 10627550. 

Kuo L, Hurst KR, Masters PS. Exceptional flexibility in the sequence requirements for coronavirus small envelope 
protein function. J Virol 2007;81:2249-2262, doi: 10.1128/JV1.01577-06, PMID: 17182690. 

Kuo L, Koetzner CA, Hurst KR, et al. Recognition of the murine coronavirus genomic RNA packaging signal 
depends on the second RNA-binding domain of the nucleocapsid protein. J Virol 2014;88:4451—4465, doi: 


230. 


231. 


232. 


233. 


234. 


235. 


236. 


237. 


238. 


239. 


240. 


241, 


242. 


243. 


244. 


245. 


246. 


247. 


248. 


249. 


250. 


251. 


252. 


10.1128/JVI1.03866-13, PMID: 24501403. 

Kuo L, Koetzner CA, Masters PS. A key role for the carboxy-terminal tail of the murine coronavirus nucleocapsid 
protein in coordination of genome packaging. Virology 2016;494:100—107, doi: 10.1016/j.virol.2016.04.009, PMID: 
27105451. 

Kuo L, Masters PS. Genetic evidence for a structural interaction between the carboxy termini of the membrane and 
nucleocapsid proteins of mouse hepatitis virus. J Virol 2002;76:4987—4999, doi: 10.1128/JVI.76.10.4987-4999.2002, 
PMID: 11967315. 

Kuo L, Masters PS. The small envelope protein E is not essential for murine coronavirus replication. J Virol 
2003;77:4597—4608, doi: 10.1128/JVI.77.8.4597-4608.2003, PMID: 12663766. 

Kuo L, Masters PS. Evolved variants of the membrane protein can partially replace the envelope protein in murine 
coronavirus assembly. J Virol 2010;84:12872—12885, doi: 10.1128/JVI.01850-10, PMID: 20926558. 

Kuo L, Masters PS. Functional analysis of the murine coronavirus genomic RNA packaging signal. J Virol 
2013;87:5182-5192, doi: 10.1128/JVI.00100-13, PMID: 23449786. 

Lai MM, Cavanagh D. The molecular biology of coronaviruses. Adv Virus Res 1997;48:1—100, PMID: 9233431. 
Lassnig C, Sanchez CM, Egerbacher M, et al. Development of a transgenic mouse model susceptible to human 
coronavirus 229E. Proc Natl Acad Sci U S A 2005;102:8275-8280, doi: 10.1073/pnas.0408589102, PMID: 
15919828. 

Lau SK, Lee P, Tsang AK, et al. Molecular epidemiology of human coronavirus OC43 reveals evolution of different 
genotypes over time and recent emergence of a novel genotype due to natural recombination. J Virol 
2011;85:11325-11337, doi: 10.1128/JV1.05512-11, PMID: 21849456. 

Lau SKP, Wong EYM, Tsang CC, et al. Discovery and sequence analysis of four deltacoronaviruses from birds in the 
Middle East suggest interspecies jumping and recombination as potential mechanism for avian-to-avian and avian-to- 
mammalian transmission. J Virol 2018;92:e00265-18, doi: 10.1128/JVI.00265-18, PMID: 29769348. 

Lau SK, Woo PC, Wong BH, et al. Detection of severe acute respiratory syndrome (SARS) coronavirus nucleocapsid 
protein in sars patients by enzyme-linked immunosorbent assay. J Clin Microbiol 2004;42:2884—2889, doi: 
10.1128/JCM.42.7.2884-2889.2004, PMID: 15243033. 

Laude H, Gelfi J, Lavenant L, et al. Single amino acid changes in the viral glycoprotein M affect induction of alpha 
interferon by the coronavirus transmissible gastroenteritis virus. J Virol 1992;66:743-749, doi: 
10.1128/JVI1.66.2.743-749.1992, PMID: 1309909. 

Laude H, Van Reeth K, Pensaert M. Porcine respiratory coronavirus: molecular features and virus-host interactions. 
Vet Res 1993;24:125-150, PMID: 8393722. 

Law HK, Cheung CY, Ng HY, et al. Chemokine upregulation in SARS coronavirus infected human monocyte 
derived dendritic cells. Blood 2005;106:2366—2376, doi: 10.1182/blood-2004-10-4166, PMID: 15860669. 

Lee C. Porcine epidemic diarrhea virus: an emerging and re-emerging epizootic swine virus. Virol J 2015;12:193, 
doi: 10.1186/s12985-015-0421-2, PMID: 26689811. 

Lehmann KC, Gulyaeva A, Zevenhoven-Dobbe JC, et al. Discovery of an essential nucleotidylating activity 
associated with a newly delineated conserved domain in the RNA polymerase-containing protein of all nidoviruses. 
Nucleic Acids Res 2015;43:8416-8434, doi: 10.1093/nar/gkv838, PMID: 26304538. 

Lehmann KC, Snijder EJ, Posthuma CC, et al. What we know but do not understand about nidovirus helicases. Virus 
Res 2015;202:12-32, doi: 10.1016/j.virusres.2014.12.001, PMID: 25497126. 

Lei J, Kusov Y, Hilgenfeld R. Nsp 3 of coronaviruses: structures and functions of a large multi-domain protein. 
Antiviral Res 2018;149:58—74, doi: 10.1016/j.antiviral.2017.11.001, PMID: 29128390. 

Leung DT, van Maren WW, Chan FK, et al. Extremely low exposure of a community to Severe Acute Respiratory 
Syndrome coronavirus: false seropositivity due to use of bacterially derived antigens. J Virol 2006;80:8920-8928, 
doi: 10.1128/JV1.00649-06, PMID: 16940504. 

Li F. Receptor recognition mechanisms of coronaviruses: a decade of structural studies. J Virol 2015;89:1954—1964. 
doi: 10.1128/JV1.02615-14, PMID: 25428871. 

Li F. Structure, function, and evolution of coronavirus spike proteins. Annu Rev Virol 2016;3:237-261, doi: 
10.1146/annurev-virology-110615-042301, PMID: 27578435. 

Li F, Berardi M, Li W, et al. Conformational states of the severe acute respiratory syndrome coronavirus spike 
protein ectodomain. J Virol 2006;80:6794—6800, doi: 10.1128/JVI.02744-05, PMID: 16809285. 

Li C, Debing Y, Jankevicius G, et al. Viral macro domains reverse protein ADP-ribosylation. J Virol 
2016;90:8478-8486, doi: 10.1128/JVI.00705-16, PMID: 27440879. 

Li Z, He W, Lan Y, et al. The evidence of porcine hemagglutinating encephalomyelitis virus induced nonsuppurative 
encephalitis as the cause of death in piglets. PeerJ 2016;4:e2443, doi: 10.7717/peerj.2443, PMID: 27672502. 


253. 


254. 


255. 


256. 


257. 


258. 


259. 


260. 


261. 


262. 


263. 


264. 


265. 


266. 


267. 


268. 


269. 


270. 


271. 


272. 


273. 


274, 


275. 


Li W, Hulswit RJG, Kenney SP, et al. Broad receptor engagement of an emerging global coronavirus may potentiate 
its diverse cross-species transmissibility. Proc Natl Acad Sci U S A _ 2018;115:E5135-E5143, doi: 
10.1073/pnas.1802879115, PMID: 29760102. 

Li L, Kang H, Liu P, et al. Structural lability in stem-loop 1 drives a 5' UTR-3' UTR interaction in coronavirus 
replication. J Mol Biol 2008;377:790—803, doi: 10.1016/j.jmb.2008.01.068, PMID: 18289557. 

Li F, Li W, Farzan M, et al. Structure of SARS coronavirus spike receptor-binding domain complexed with receptor. 
Science 2005;309:1864—1868, doi: 10.1126/science.1116480, PMID: 16166518. 

Li J, Liu Y, Zhang X. Murine coronavirus Induces Type I interferon in oligodendrocytes through recognition by 
RIG-I and MDAS. J Virol 2010;84:6472-6482, doi: 10.1128/JVI.00016-10, PMID: 20427526. 

Li W, Luo R, He Q, et al. Aminopeptidase N is not required for porcine epidemic diarrhea virus cell entry. Virus Res 
2017;235:6-13, doi: 10.1016/j.virusres.2017.03.018, PMID: 28363778. 

Li W, Moore MJ, Vasilieva N, et al. Angiotensin-converting enzyme 2 is a functional receptor for the SARS 
coronavirus. Nature 2003;426:450-454, doi: 10.1038/nature02145, PMID: 14647384. 

Li K, Wohlford-Lenane CL, Channappanavar R, et al. Mouse-adapted MERS coronavirus causes lethal lung disease 
in human DPP4 knockin mice. Proc Natl Acad Sci U S A 2017;114:E3119—-E3128, doi: 10.1073/pnas.1619109114, 
PMID: 28348219. 

Liang G, Chen Q, Xu J, et al. Laboratory diagnosis of four recent sporadic cases of community-acquired SARS, 
Guangdong Province, China. Emerg Infect Dis 2004;10:1774-1781, doi: 10.3201/eid1010.040445, PMID: 
15504263. 

Lim PL, Kurup A, Gopalakrishna G, et al. Laboratory-acquired severe acute respiratory syndrome. N Engl J Med 
2004;350:1740-1745, doi: 10.1056/NEJMoa032565, PMID: 15103000. 

Lin HX, Feng Y, Wong G, et al. Identification of residues in the receptor-binding domain (RBD) of the spike protein 
of human coronavirus NL63 that are critical for the RBD-ACE2 receptor interaction. J Gen Virol 
2008;89:1015—-1024, doi: 10.1099/vir.0.83331-0, PMID: 18343844. 

Lin MT, Hinton DR, Marten NW, et al. Antibody prevents virus reactivation within the central nervous system. J 
Immunol 1999;162:7358—7368, PMID: 10358187. 

Lin MT, Stohlman SA, Hinton DR. Mouse hepatitis virus is cleared from the central nervous systems of mice lacking 
perforin-mediated cytolysis. J Virol 1997;71:383-391, doi: 10.1128/JVI.71.1.383-391.1997, PMID: 8985361. 
Lipsitch M, Cohen T, Cooper B, et al. Transmission dynamics and control of severe acute respiratory syndrome. 
Science 2003;300:1966—1970, doi: 10.1126/science.1086616, PMID: 12766207. 

Liu J, Sun Y, Qi J, et al. The membrane protein of severe acute respiratory syndrome coronavirus acts as a dominant 
immunogen revealed by a clustering region of novel functionally and structurally defined cytotoxic T-lymphocyte 
epitopes. J Infect Dis 2010;202:1171-1180, doi: 10.1086/656315, PMID: 20831383. 

Locker JK, Rose JK, Horzinek MC, et al. Membrane assembly of the triple-spanning coronavirus M protein. 
Individual transmembrane domains show preferred orientation. J Biol Chem 1992;267:21911-21918, PMID: 
1400501. 

Lopez LA, Riffle AJ, Pike SL, et al. Importance of conserved cysteine residues in the coronavirus envelope protein. J 
Virol 2008;82:3000-3010, doi: 10.1128/JVI.01914-07, PMID: 18184703. 

Lorusso A, Decaro N, Schellen P, et al. Gain, preservation, and loss of a group la coronavirus accessory 
glycoprotein. J Virol 2008;82:10312—10317, doi: 10.1128/JV1.01031-08, PMID: 18667517. 

Lu G, Hu Y, Wang Q, et al. Molecular basis of binding between novel human coronavirus MERS-CoV and its 
receptor CD26. Nature 2013;500:227-331, doi: 10.1038/nature12328, PMID: 23831647. 

Lui PY, Wong LY, Fung CL, et al. Middle East respiratory syndrome coronavirus M protein suppresses type I 
interferon expression through the inhibition of TBK1-dependent phosphorylation of IRF3. Emerg Microbes Infect 
2016;5:e39, doi: 10.1038/emi.2016.33, PMID: 27094905. 

Luo CM, Wang N, Yang XL, et al. Discovery of novel bat coronaviruses in south China that use the same receptor as 
MERS coronavirus. J Virol 2018;92:e00116-e00118, doi: 10.1128/JV1.00116-18, PMID: 29669833. 

Luytjes W, Bredenbeek PJ, Noten AF, et al. Sequence of mouse hepatitis virus A59 mRNA 2: indications for RNA 
recombination between coronaviruses and influenza C virus. Virology 1988;166:415-422, doi: 10.1016/0042- 
6822(88)90512-0, PMID: 2845655. 

Luytjes W, Gerritsma H, Bos E, et al. Characterization of two temperature-sensitive mutants of coronavirus mouse 
hepatitis virus strain A59 with maturation defects in the spike protein. J Virol 1997;71:949-955, doi: 
10.1128/JVI.71.2.949-955.1997, PMID: 8995612. 

Luytjes W, Sturman LS, Bredenbeek PJ, et al. Primary structure of the glycoprotein E2 of coronavirus MHV-A59 
and identification of the trypsin cleavage site. Virology 1987;161:479-487, doi: 10.1016/0042-6822(87)90142-5, 


276. 


277. 


278. 


279. 


280. 


281. 


282. 


283. 


284. 
285. 


286. 


287. 


288. 


289. 


290. 


291. 


292. 


293. 


294. 


295. 


296. 


297. 


298. 


299. 


PMID: 2825419. 

Machamer CE, Rose JK. A specific transmembrane domain of a coronavirus E1 glycoprotein is required for its 
retention in the Golgi region. J Cell Biol 1987;105:1205-1214, doi: 10.1083/jcb.105.3.1205, PMID: 2821010. 
Macnaughton MR, Davies HA, Nermut MV. Ribonucleoprotein-like structures from coronavirus particles. J Gen 
Virol 1978;39:545-549, doi: 10.1099/0022-1317-39-3-545, PMID: 207820. 

Madhugiri R, Fricke M, Marz M, et al. Coronavirus cis-acting RNA elements. Adv Virus Res 2016;96:127-163, doi: 
10.1016/bs.aivir.2016.08.007, PMID: 27712622. 

Madhugiri R, Karl N, Petersen D, et al. Structural and functional conservation of cis-acting RNA elements in 
coronavirus 5’-terminal genome regions. Virology 2018;517:44—-55, doi: 10.1016/j.virol.2017.11.025, PMID: 
29223446. 

Marsden PA, Ning Q, Fung LS, et al. The Fgl2/fibroleukin prothrombinase contributes to immunologically mediated 
thrombosis in experimental and human viral hepatitis. J Clin Invest 2003;112:58-66, doi: 10.1172/JC118114, PMID: 
12840059. 

Masters PS. The molecular biology of coronaviruses. Adv Virus Res 2006;66:193-292, doi: 10.1016/S0065- 
3527(06)66005-3, PMID: 16877062. 

Masters PS, Koetzner CA, Kerr CA, et al. Optimization of targeted RNA recombination and mapping of a novel 
nucleocapsid gene mutation in the coronavirus mouse hepatitis virus. J Virol 1994;68:328-337, doi: 
10.1128/JVI.68.1.328-337.1994, PMID: 8254744. 

Masters PS, Rottier PJ. Coronavirus reverse genetics by targeted RNA recombination. Curr Top Microbiol Immunol 
2005;287:133-159, doi: 10.1007/3-540-26765-4_5, PMID: 15609511. 

McIntosh K. Coronaviruses: a comparative review. Curr Top Microbiol Immunol. 1974;63:85-129. 

Mcintosh K, Dees JH, Becker WB, et al. Recovery in tracheal organ cultures of novel viruses from patients with 
respiratory disease. Proc Natl Acad Sci U S A 1967;57:933—940, doi: 10.1073/pnas.57.4.933, PMID: 5231356. 
Menachery VD, Mitchell HD, Cockrell AS, et al. MERS-CoV accessory ORFs play key role for infection and 
pathogenesis. MBio 2017;8:e00665-17, doi: 10.1128/mBio.00665-17, PMID: 28830941. 

Menachery VD, Yount BL Jr, Sims AC, et al. SARS-like WIV1-CoV poised for human emergence. Proc Natl Acad 
Sci U S A 2016;113:3048-3053, doi: 10.1073/pnas.1517719113, PMID: 26976607. 

Mielech AM, Chen Y, Mesecar AD, et al. Nidovirus papain-like proteases: multifunctional enzymes with protease, 
deubiquitinating and deISGylating activities. Virus Res 2014;194:184—190, doi: 10.1016/j.virusres.2014.01.025, 
PMID: 24512893. 

Mihindukulasuriya KA, Wu G, St Leger J, et al. Identification of a novel coronavirus from a beluga whale by using a 
panviral microarray. J Virol 2008;82:5084—5088, doi: 10.1128/JV1.02722-07, PMID: 18353961. 

Millet JK, Whittaker GR. Host cell proteases: critical determinants of coronavirus tropism and pathogenesis. Virus 
Res 2015;202:120-134, doi: 10.1016/j.virusres.2014.11.021, PMID: 25445340. 

Millet JK, Whittaker GR. Physiological and molecular triggers for SARS-CoV membrane fusion and entry into host 
cells. Virology 2018;517:3-8, doi: 10.1016/j.virol.2017.12.015, PMID: 29275820. 

Minskaia E, Hertzig T, Gorbalenya AE, et al. Discovery of an RNA virus 3'->5’ exoribonuclease that is critically 
involved in coronavirus RNA synthesis. Proc Natl Acad Sci U S A _ 2006;103:5108-5113, doi: 
10.1073/pnas.0508200103, PMID: 16549795. 

Molenkamp R, Spaan WJ. Identification of a specific interaction between the coronavirus mouse hepatitis virus A59 
nucleocapsid protein and packaging signal. Virology 1997;239:78—86, doi: 10.1006/viro.1997.8867, PMID: 9426448. 
Monto AS. Medical reviews. Coronaviruses. Yale J Biol Med 1974;47:234—-251, PMID: 4617423. 

Morales L, Mateos-Gomez PA, Capiscol C, et al. Transmissible gastroenteritis coronavirus genome packaging signal 
is located at the 5’ end of the genome and promotes viral RNA incorporation into virions in a replication-independent 
process. J Virol 2013;87:11579-11590, doi: 10.1128/JVI.01836-13, PMID: 23966403. 

Morfopoulou S, Brown JR, Davies EG, et al. Human coronavirus OC43 associated with fatal encephalitis. N Engl J 
Med 2016;375:497—498, doi: 10.1056/NEJMc1509458, PMID: 27518687. 

Muller MA, Meyer B, Corman VM, et al. Presence of Middle East respiratory syndrome coronavirus antibodies in 
Saudi Arabia: a nationwide, cross-sectional, serological study. Lancet Infect Dis 2015;15:559-564, doi: 
10.1016/S1473-3099(15)70090-3, PMID: 25863564. 

Nakagawa K, Narayanan K, Wada M, et al. The endonucleolytic RNA cleavage function of nsp1 of Middle East 
Respiratory Syndrome Coronavirus promotes the production of infectious virus particles in specific human cell lines. 
J Virol 2018;92:e01157-18, doi: 10.1128/JV1.01157-18, PMID: 30111568. 

Nakagawa K, Narayanan K, Wada M, et al. Inhibition of stress granule formation by Middle East Respiratory 
Syndrome Coronavirus 4a accessory protein facilitates viral translation, leading to efficient virus replication. J Virol 


300. 


301. 


302. 


303. 


304. 


305. 


306. 


307. 


308. 


309. 


310. 


311. 


312. 


313. 


314. 


315. 


316. 


317. 


318. 


319. 


320. 


321, 


322. 


2018;92:e00902—e00918, doi: 10.1128/JVI.00902-18, PMID: 30068649. 

Nal B, Chan C, Kien F, et al. Differential maturation and subcellular localization of severe acute respiratory 
syndrome coronavirus surface proteins S, M and E. J Gen Virol 2005;86:1423-1434, doi: 10.1099/vir.0.80671-0, 
PMID: 15831954. 

Namy O, Moran SJ, Stuart DI, et al. A mechanical explanation of RNA pseudoknot function in programmed 
ribosomal frameshifting. Nature 2006;441:244—247, doi: 10.1038/nature04735, PMID: 16688178. 

Narayanan K, Chen CJ, Maeda J, et al. Nucleocapsid-independent specific viral RNA packaging via viral envelope 
protein and viral RNA signal. J Virol 2003;77:2922—2927, doi: 10.1128/JVI.77.5.2922-2927.2003, PMID: 12584316. 
Narayanan K, Huang C, Makino S. Coronavirus accessory proteins. In: Perlman S, Gallagher T, Snijder EJ, eds. 
Nidoviruses. Washington, DC: ASM Press; 2008:235-244. 

Narayanan K, Kim KH, Makino S. Characterization of N protein self-association in coronavirus ribonucleoprotein 
complexes. Virus Res 2003;98:131-140, doi: 10.1016/j.virusres.2003.08.021, PMID: 14659560. 

Narayanan K, Ramirez SI, Lokugamage KG, et al. Coronavirus nonstructural protein 1: Common and distinct 
functions in the regulation of host and viral gene expression. Virus Res 2015;202:89-100, doi: 
10.1016/j.virusres.2014.11.019, PMID: 25432065. 

Neuman BW. Bioinformatics and functional analyses of coronavirus nonstructural proteins involved in the formation 
of replicative organelles. Antiviral Res 2016;135:97—107, doi: 10.1016/j.antiviral.2016.10.005, PMID: 27743916. 
Neuman BW, Adair BD, Yoshioka C, et al. Supramolecular architecture of severe acute respiratory syndrome 
coronavirus revealed by electron cryomicroscopy. J Virol 2006;80:7918-—7928, doi: 10.1128/JVI.00645-06, PMID: 
16873249. 

Neuman BW, Chamberlain P, Bowden F, et al. Atlas of coronavirus replicase structure. Virus Res 2014;194:49-66, 
doi: 10.1016/j.virusres.2013.12.004, PMID: 24355834. 

Neuman BW, Joseph JS, Saikatendu KS, et al. Proteomics analysis unravels the functional repertoire of coronavirus 
nonstructural protein 3. J Virol 2008;82:5279-5294, doi: 10.1128/JVI.02631-07, PMID: 18367524. 

Neuman BW, Kiss G, Kunding AH, et al. A structural analysis of M protein in coronavirus assembly and 
morphology. J Struct Biol 2011;174:11-22, doi: 10.1016/j.jsb.2010.11.021, PMID: 21130884. 

Ng DL, Al Hosani F, Keating MK, et al. Clinicopathologic, immunohistochemical, and ultrastructural findings of a 
fatal case of Middle East Respiratory syndrome coronavirus infection in the United Arab Emirates, April 2014. Am J 
Pathol 2016;186:652-658, doi: 10.1016/j.ajpath.2015.10.024, PMID: 26857507. 

Ng OW, Chia A, Tan AT, et al. Memory T cell responses targeting the SARS coronavirus persist up to 11 years post- 
infection. Vaccine 2016;34:2008-2014, doi: 10.1016/j.vaccine.2016.02.063, PMID: 26954467. 

Nga PT, Parquet MdC, Lauber C, et al. Discovery of the first insect nidovirus, a missing evolutionary link in the 
emergence of the largest RNA virus genomes. PLoS Pathog 2011;7:e1002215, doi: 10.1371/journal.ppat.1002215, 
PMID: 21931546. 

Nicholls JM, Butany J, Poon LL, et al. Time course and cellular localization of SARS-CoV nucleoprotein and RNA 
in lungs from fatal cases of SARS. PLoS Med 2006;3:e27, doi: 10.1371/journal.pmed.0030027, PMID: 16379499. 
Nieto-Torres JL, Dediego ML, Alvarez E, et al. Subcellular location and topology of severe acute respiratory 
syndrome coronavirus envelope protein. Virology 2011;415:69-82, doi: 10.1016/j-virol.2011.03.029, PMID: 
21524776. 

Nikiforuk AM, Leung A, Cook BWM, et al. Rapid one-step construction of a Middle East Respiratory Syndrome 
(MERS-CoV) infectious clone system by homologous recombination. J Virol Methods 2016;236:178-183, doi: 
10.1016/j.jviromet.2016.07.022, PMID: 27459876. 

Oh MD, Park WB, Choe PG, et al. Viral load kinetics of MERS coronavirus infection. N Engl J Med 
2016;375:1303-1305, doi: 10.1056/NEJMc1511695, PMID: 27682053. 

Okba NM, Raj VS, Haagmans BL. Middle East respiratory syndrome coronavirus vaccines: current status and novel 
approaches. Curr Opin Virol 2017;23:49-58, doi: 10.1016/j.coviro.2017.03.007, PMID: 28412285. 

Omrani AS, Al-Tawfiq JA, Memish ZA. Middle East respiratory syndrome coronavirus (MERS-CoV): animal to 
human interaction. Pathog Glob Health 2015;109:354—362, doi: 10.1080/20477724.2015.1122852, PMID: 
26924345. 

Oostra M, Hagemeijer MC, van Gent M, et al. Topology and membrane anchoring of the coronavirus replication 
complex: not all hydrophobic domains of nsp3 and nsp6 are membrane spanning. J Virol 2008;82:12392-12405, doi: 
10.1128/JVI.01219-08, PMID: 18842706. 

Opstelten DJ, de Groote P, Horzinek MC, et al. Disulfide bonds in folding and transport of mouse hepatitis 
coronavirus glycoproteins. J Virol 1993;67:7394—7401, doi: 10.1128/JVI1.67.12.7394-7401.1993, PMID: 8230460. 
Ortego J, Escors D, Laude H, et al. Generation of a replication-competent, propagation-deficient virus vector based 


323. 


324. 


325. 


326. 


327. 


328. 


329. 


330. 


331. 


332. 


333. 


334. 


335. 


336. 


337. 


338. 


339. 


340. 


341, 


342. 


343. 


344. 


on the transmissible gastroenteritis coronavirus genome. J Virol  2002;76:11518-11529, doi: 
10.1128/JVI.76.22.11518-11529.2002, PMID: 12388713. 

Ou X, Zheng W, Shan Y, et al. Identification of the fusion peptide-containing region in Betacoronavirus spike 
glycoproteins. J Virol 2016;90:5586-5600, doi: 10.1128/JVI.00015-16, PMID: 27030273. 

Oudshoorn D, Rijs K, Limpens RWAL, et al. Expression and cleavage of Middle East respiratory syndrome 
coronavirus nsp3-4 polyprotein induce the formation of double-membrane vesicles that mimic those associated with 
coronaviral RNA replication. MBio 2017;8:e01658-17, doi: 10.1128/mBio.01658-17, PMID: 29162711. 

Park GE, Ko JH, Peck KR, et al. Control of an outbreak of Middle East Respiratory Syndrome in a tertiary hospital 
in Korea. Ann Intern Med 2016;165:87-93, doi: 10.7326/M15-2495, PMID: 27272273. 

Parker SE, Gallagher TM, Buchmeier MJ. Sequence analysis reveals extensive polymorphism and evidence of 
deletions within the E2 glycoprotein gene of several strains of murine hepatitis virus. Virology 1989;173:664—673, 
doi: 10.1016/0042-6822(89)90579-5, PMID: 2556846. 

Parra B, Hinton D, Marten N, et al. IFN-gamma is required for viral clearance from central nervous system 
oligodendroglia. J Immunol 1999; 162:1641-1647, PMID: 9973424. 

Pascal KE, Coleman CM, Mujica AO, et al. Pre- and postexposure efficacy of fully human antibodies against Spike 
protein in a novel humanized mouse model of MERS-CoV infection. Proc Natl Acad Sci U S A 
2015;112:8738-8743, doi: 10.1073/pnas.1510830112, PMID: 26124093. 

Pasternak AO, van den Born E, Spaan WJ, et al. Sequence requirements for RNA strand transfer during nidovirus 
discontinuous subgenomic RNA synthesis. EMBO J 2001;20:7220-7228, doi: 10.1093/emboj/20.24.7220, PMID: 
11742998. 

Payne DC, Biggs HM, Al-Abdallat MM, et al. Multihospital outbreak of a Middle East Respiratory syndrome 
coronavirus deletion variant, Jordan: a molecular, serologic, and epidemiologic investigation. Open Forum Infect Dis 
2018;5:0fy095, doi: 10.1093/ofid/ofy095, PMID: 30294616. 

Peiris JS, Chu CM, Cheng VC, et al. Clinical progression and viral load in a community outbreak of coronavirus- 
associated SARS pneumonia: a prospective study. Lancet 2003;361:1767-1772, doi: 10.1016/S0140- 
6736(03)13412-5, PMID: 12781535. 

Peiris JS, Guan Y, Yuen KY. Severe acute respiratory syndrome. Nat Med 2004;10:S88-S97, doi: 10.1038/nm1143, 
PMID: 15577937. 

Peiris JS, Lai ST, Poon LL, et al. Coronavirus as a possible cause of severe acute respiratory syndrome. Lancet 
2003;361:1319-1325, doi: 10.1016/S0140-6736(03)13077-2, PMID: 12711465. 

Peiris JS, Yuen KY, Osterhaus AD, et al. The severe acute respiratory syndrome. N Engl J Med 
2003;349:2431-2341, doi: 10.1056/NEJMra032498, PMID: 14681510. 

Peng G, Xu L, Lin YL, et al. Crystal structure of bovine coronavirus spike protein lectin domain. J Biol Chem 
2012;287:41931—41938, doi: 10.1074/jbc.M112.418210, PMID: 23091051. 

Peng H, Yang LT, Wang LY, et al. Long-lived memory T lymphocyte responses against SARS coronavirus 
nucleocapsid protein in SARS-recovered patients. Virology 2006;351:466—475, doi: 10.1016/j.virol.2006.03.036, 
PMID: 16690096. 

Percy DH, Williams KL. Experimental Parker’s coronavirus infection in Wistar rats. Lab Anim Sci 1990;40:603-607, 
PMID: 2172623. 

Perlman S. Pathogenesis of coronavirus-induced infections: review of pathological and immunological aspects. Adv 
Exp Med Biol 1998;440:503-513, PMID: 9782322. 

Pervushin K, Tan E, Parthasarathy K, et al. Structure and inhibition of the SARS coronavirus envelope protein ion 
channel. PLoS Pathog 2009;5:e1000511, doi: 10.1371/journal.ppat. 1000511, PMID: 19593379. 

Pewe L, Wu G, Barnett EM, et al. Cytotoxic T cell-resistant variants are selected in a virus-induced demyelinating 
disease. Immunity 1996;5:253—262, doi: 10.1016/S1074-7613(00)80320-9, PMID: 8808680. 

Phillips JJ, Chua MM, Lavi E, et al. Pathogenesis of chimeric MHV4/MHV-A59 recombinant viruses: the murine 
coronavirus spike protein is a major determinant of neurovirulence. J Virol 1999;73:7752-7760, doi: 
10.1128/JV1.73.9.7752-7760.1999, PMID: 10438865. 

Pitkaranta A, Virolainen A, Jero J, et al. Detection of rhinovirus, respiratory syncytial virus, and coronavirus 
infections in acute otitis media by reverse transcriptase polymerase chain reaction. Pediatrics 1998;102:291-295, 
doi: 10.1542/peds.102.2.291, PMID: 9685428. 

Plant EP, Pérez-Alvarado GC, Jacobs JL, et al. A three-stemmed mRNA pseudoknot in the SARS coronavirus 
frameshift signal. PLoS Biol 2005;3:e172, doi: 10.1371/journal.pbio.0030172, PMID: 15884978. 

Plant EP, Rakauskaite R, Taylor DR, et al. Achieving a golden mean: mechanisms by which coronaviruses ensure 
synthesis of the correct stoichiometric ratios of viral proteins. J Virol 2010;84:4330—4340, doi: 10.1128/JV1.02480- 


345. 


346. 


347. 


348. 


349. 


350. 


351. 


352. 


353. 


354. 


355. 


356. 


357, 


358. 


359. 


360. 


361. 


362. 


363. 


364. 


365. 


366. 


09, PMID: 20164235. 

Pohl-Koppe A, Raabe T, Siddell SG, et al. Detection of human coronavirus 229E-specific antibodies using 
recombinant fusion proteins. J Virol Methods 1995;55:175-183, doi: 10.1016/0166-0934(95)00041-R, PMID: 
8537456. 

Poon LL, Chan KH, Wong OK, et al. Early diagnosis of SARS coronavirus infection by real time RT-PCR. J Clin 
Virol 2003;28:233—238, doi: 10.1016/j.jcv.2003.08.004, PMID: 14522060. 

Posthuma CC, Te Velthuis AJW, Snijder EJ. Nidovirus RNA polymerases: complex enzymes handling exceptional 
RNA genomes. Virus Res 2017;234:58-73, doi: 10.1016/j.virusres.2017.01.023, PMID: 28174054. 

Promkuntod N, van Eijndhoven RE, de Vrieze G, et al. Mapping of the receptor-binding domain and amino acids 
critical for attachment in the spike protein of avian coronavirus infectious bronchitis virus. Virology 2014;448:26-32, 
doi: 10.1016/j.virol.2013.09.018, PMID: 24314633. 

Pyrc K, Berkhout B, van der Hoek L. The novel human coronaviruses NL63 and HKU1. J Virol 2007;81:3051-3057, 
doi: 10.1128/JV1.01466-06, PMID: 17079323. 

Pyrc K, Dijkman R, Deng L, et al. Mosaic structure of human coronavirus NL63, one thousand years of evolution. J 
Mol Biol 2006;364:964—973, doi: 10.1016/j.jmb.2006.09.074, PMID: 17054987. 

Pyrc K, Sims AC, Dijkman R, et al. Culturing the unculturable: human coronavirus HKU1 infects, replicates, and 
produces progeny virions in human ciliated airway epithelial cell cultures. J Virol 2010;84:11255-11263, doi: 
10.1128/JVI.00947-10, PMID: 20719951. 

Qian Z, Ou X, Goes LG, et al. Identification of the receptor-binding domain of the spike glycoprotein of human 
betacoronavirus HKU1. J Virol 2015;89:8816-8827, doi: 10.1128/JVI.03737-14, PMID: 26085157. 

Rabouw HH, Langereis MA, Knaap RC, et al. Middle East respiratory coronavirus accessory protein 4a inhibits 
PKR-mediated antiviral stress responses. PLoS Pathog 2016;12:e1005982, doi: 10.1371/journal.ppat.1005982, 
PMID: 27783669. 

Rainer TH, Chan PK, Ip M, et al. The spectrum of severe acute respiratory syndrome-associated coronavirus 
infection. Ann Intern Med 2004;140:614-619, doi: 10.7326/0003-4819-140-8-200404200-00008, PMID: 15096332. 
Raj VS, Mou H, Smits SL, et al. Dipeptidy] peptidase 4 is a functional receptor for the emerging human coronavirus- 
EMC. Nature 2013;495:251—254, doi: 10.1038/nature12005, PMID: 23486063. 

Reed SE. The behaviour of recent isolates of human respiratory coronavirus in vitro and in volunteers: evidence of 
heterogeneity among 229E-related strains. J Med Virol 1984;13:179-192, doi: 10.1002/jmv.1890130208, PMID: 
6319590. 

Reguera J, Santiago C, Mudgal G, et al. Structural bases of coronavirus attachment to host aminopeptidase N and its 
inhibition by neutralizing antibodies. PLoS Pathog 2012;8:e1002859, doi: 10.1371/journal.ppat.1002859, PMID: 
22876187. 

Riley S, Fraser C, Donnelly CA, et al. Transmission dynamics of the etiological agent of SARS in Hong Kong: 
impact of public health interventions. Science 2003;300:1961-1966, doi: 10.1126/science.1086478, PMID: 
12766206. 

Roberts A, Deming D, Paddock CD, et al. A mouse-adapted SARS-coronavirus causes disease and mortality in 
BALB/c mice. PLoS Pathog 2007;3:e5, doi: 10.1371/journal.ppat.0030005, PMID: 17222058. 

Roberts A, Paddock C, Vogel L, et al. Aged BALB/c mice as a model for increased severity of severe acute 
respiratory syndrome in elderly humans. J Virol 2005;79:5833-5838, doi: 10.1128/JVI.79.9.5833-5838.2005, PMID: 
15827197. 

Roth-Cross JK, Bender SJ, Weiss SR. Murine coronavirus mouse hepatitis virus is recognized by MDAS and induces 
type I interferon in brain macrophages/microglia. J Virol 2008;82:9829-9838, doi: 10.1128/JVI.01199-08, PMID: 
18667505. 

Rottier P, Brandenburg D, Armstrong J, et al. Assembly in vitro of a spanning membrane protein of the endoplasmic 
reticulum: the El glycoprotein of coronavirus mouse hepatitis virus A59. Proc Natl Acad Sci U S A 
1984;81:1421-1425, doi: 10.1073/pnas.81.5.1421, PMID: 6324191. 

Rottier PJ, Horzinek MC, van der Zeijst BA. Viral protein synthesis in mouse hepatitis virus strain A59-infected 
cells: effect of tunicamycin. J Virol 1981;40:350-357, doi: 10.1128/JVI.40.2.350-357.1981, PMID: 6275093. 

Ruch TR, Machamer CE. A single polar residue and distinct membrane topologies impact the function of the 
infectious bronchitis coronavirus E protein. PLoS Pathog 2012;8:e1002674, doi: 10.1371/journal.ppat.1002674, 
PMID: 22570613. 

Ruch TR, Machamer CE. The coronavirus E protein: assembly and beyond. Viruses 2012;4:363-382, doi: 
10.3390/v4030363, PMID: 22590676. 

Sabir JS, Lam TT, Ahmed MM, et al. Co-circulation of three camel coronavirus species and recombination of 


367. 


368. 


369. 


370. 


371, 


372. 


373. 


374, 


375. 


376. 


377. 


378. 


379. 


380. 


381. 


382. 


383. 


384. 


385. 


386. 


387. 


388. 


389. 


390. 


MERS-CoVs in Saudi Arabia. Science 2016;351:81—84, doi: 10.1126/science.aac8608, PMID: 26678874. 

Saif LJ. Animal coronavirus vaccines: lessons for SARS. Dev Biol 2004;119:129-140, PMID: 15742624. 

Sanchez CM, Izeta A, Sanchez-Morgado JM, et al. Targeted recombination demonstrates that the spike gene of 
transmissible gastroenteritis coronavirus is a determinant of its enteric tropism and virulence. J Virol 
1999;73:7607—7618, doi: 10.1128/JVI1.73.9.7607-7618.1999, PMID: 10438851. 

Sawicki SG, Sawicki DL. Coronavirus transcription: subgenomic mouse hepatitis virus replicative intermediates 
function in RNA synthesis. J Virol 1990;64:1050—1056, doi: 10.1128/JV1.64.3.1050-1056.1990, PMID: 2154591. 
Sawicki SG, Sawicki DL, Siddell SG. A contemporary view of coronavirus transcription. J Virol 2007;81:20—29, doi: 
10.1128/JVI1.01358-06, PMID: 16928755. 

Sawicki SG, Sawicki DL, Younker D, et al. Functional and genetic analysis of coronavirus replicase-transcriptase 
proteins. PLoS Pathog 2005;1(4):e39, doi: 10.1371/journal.ppat.0010039, PMID: 16341254. 

Sawicki DL, Wang T, Sawicki SG. The RNA structures engaged in replication and transcription of the A59 strain of 
mouse hepatitis virus. J Gen Virol 2001;82:385—396, doi: 10.1099/0022-1317-82-2-385, PMID: 11161278. 
Scheuplein VA, Seifried J, Malczyk AH, et al. High secretion of interferons by human plasmacytoid dendritic cells 
upon recognition of Middle East respiratory syndrome coronavirus. J Virol 2015;89:3859-3869, doi: 
10.1128/JVI1.03607-14, PMID: 25609809. 

Schultze B, Herrler G. Bovine coronavirus uses N-acetyl-9-O-acetylneuraminic acid as a receptor determinant to 
initiate the infection of cultured cells. J Gen Virol 1992;73:901—906, doi: 10.1099/0022-1317-73-4-901, PMID: 
1321878. 

Schiitze H, Ulferts R, Schelle B, et al. Characterization of white bream virus reveals a novel genetic cluster of 
nidoviruses. J Virol 2006;80:11598-11609, doi: 10.1128/JV1.01758-06, PMID: 16987966. 

Sethna PB, Hofmann MA, Brian DA. Minus-strand copies of replicating coronavirus mRNAs contain antileaders. J 
Virol 1991;65:320-325, doi: 10.1128/JVI.65.1.320-325.1991, PMID: 1985203. 

Sethna PB, Hung SL, Brian DA. Coronavirus subgenomic minus-strand RNAs and the potential for mRNA 
replicons. Proc Natl Acad Sci U S A 1989;86:5626—5630, doi: 10.1073/pnas.86.14.5626, PMID: 2546161. 

Sevajol M, Subissi L, Decroly E, et al. Insights into RNA synthesis, capping, and proofreading mechanisms of 
SARS-coronavirus. Virus Res 2014;194:90-99, doi: 10.1016/j.virusres.2014.10.008, PMID: 25451065. 

Shang J, Zheng Y, Yang Y, et al. Cryo-EM structure of porcine delta coronavirus spike protein in the pre-fusion 
state. J Virol 2017;92:e01556-17, doi: 10.1128/JV1.01556-17, PMID: 29070693. 

Shang J, Zheng Y, Yang Y, et al. Cryo-EM structure of infectious bronchitis coronavirus spike protein reveals 
structural and functional evolution of coronavirus spike proteins. PLoS Pathog 2018;14:e1007009, doi: 
10.1371/journal.ppat.1007009, PMID: 29684066. 

Sheahan T, Morrison TE, Funkhouser W, et al. MyD88 is required for protection from lethal infection with a mouse- 
adapted SARS-CoV. PLoS Pathog 2008;4:e1000240, doi: 10.137 1/journal.ppat.1000240, PMID: 19079579. 

Sheahan TP, Sims AC, Graham RL, et al. Broad-spectrum antiviral GS-5734 inhibits both epidemic and zoonotic 
coronaviruses. Sci Trans! Med 2017;9:eaal3653, doi: 10.1126/scitranslmed.aal3653, PMID: 28659436. 

Shin HS, Kim Y, Kim G, et al. Immune responses to MERS coronavirus during the acute and convalescent phases of 
human infection. Clin Infect Dis 2019;68(6):984—992, doi: 10.1093/cid/ciy595, PMID: 30060038. 

Shirato K, Kanou K, Kawase M, et al. Clinical isolates of human coronavirus 229E bypass the endosome for cell 
entry. J Virol 2017;91:e01387-16, doi: 10.1128/JVI.01387-16, PMID: 27733646. 

Shirato K, Kawase M, Matsuyama S. Wild-type human coronaviruses prefer cell-surface TMPRSS2 to endosomal 
cathepsins for cell entry. Virology 2018;517:9-15, doi: 10.1016/j.virol.2017.11.012, PMID: 29217279. 

Shirato K, Maejima M, Islam MT, et al. Porcine aminopeptidase N is not a cellular receptor of porcine epidemic 
diarrhea virus, but promotes its infectivity via aminopeptidase activity. J Gen Virol 2016;97:2528—2539, doi: 
10.1099/jgv.0.000563, PMID: 27449937. 

Shulla A, Heald-Sargent T, Subramanya G, et al. A transmembrane serine protease is linked to the severe acute 
respiratory syndrome coronavirus receptor and activates virus entry. J Virol 2011;85:873-882, doi: 
10.1128/JVI1.02062-10, PMID: 21068237. 

Simmons G, Reeves JD, Rennekamp AJ, et al. Characterization of severe acute respiratory syndrome-associated 
coronavirus (SARS-CoV) spike glycoprotein-mediated viral entry. Proc Natl Acad Sci U S A 2004;101:4240-4245, 
doi: 10.1073/pnas.0306446101, PMID: 15010527. 

Siu KL, Kok KH, Ng MH, et al. Severe acute respiratory syndrome coronavirus M protein inhibits type I interferon 
production by impeding the formation of TRAF3.TANK.TBK1/IKKepsilon complex. J Biol Chem 
2009;284:16202—16209, doi: 10.1074/jbc.M109.008227, PMID: 19380580. 

Siu YL, Teoh KT, Lo J, et al. The M, FE, and N structural proteins of the severe acute respiratory syndrome 


391. 


392. 


393. 


394. 


395. 


396. 


397. 


398. 


399. 


400. 


401. 


402. 


403. 


404. 


405. 


406. 


407. 


408. 


409. 


410. 


411. 


412. 


413. 


coronavirus are required for efficient assembly, trafficking, and release of virus-like particles. J Virol 
2008;82:11318—11330, doi: 10.1128/JVI1.01052-08, PMID: 18753196. 

Siu KL, Yeung ML, Kok KH, et al. Middle east respiratory syndrome coronavirus 4a protein is a double-stranded 
RNA-binding protein that suppresses PACT-induced activation of RIG-I and MDAS in the innate antiviral response. 
J Virol 2014;88:4866—4876, doi: 10.1128/JVI.03649-13, PMID: 24522921. 

Snijder EJ, Bredenbeek PJ, Dobbe JC, et al. Unique and conserved features of genome and proteome of SARS- 
coronavirus, an early split-off from the coronavirus group 2 lineage. J Mol Biol 2003;331:991-1004, doi: 
10.1016/S0022-2836(03)00865-9, PMID: 12927536. 

Snijder EJ, Decroly E, Ziebuhr J. The nonstructural proteins directing coronavirus RNA synthesis and processing. 
Adv Virus Res 2016;96:59-126, doi: 10.1016/bs.aivir.2016.08.008, PMID: 27712628. 

Snijder EJ, den Boon JA, Horzinek MC, et al. Comparison of the genome organization of toro- and coronaviruses: 
evidence for two nonhomologous RNA recombination events during Berne virus evolution. Virology 
1991;180:448—452, doi: 10.1016/0042-6822(91)90056-H, PMID: 1984666. 

Sola I, Almazan F, Zufiga S, et al. Continuous and discontinuous RNA synthesis in coronaviruses. Annu Rev Virol 
2015;2:265—288, doi: 10.1146/annurev-virology-100114-055218, PMID: 26958916. 

Song W, Gui M, Wang X, et al. Cryo-EM structure of the SARS coronavirus spike glycoprotein in complex with its 
host cell receptor ACE2. PLoS Pathog 2018;14:e1007236, doi: 10.1371/journal.ppat.1007236, PMID: 30102747. 
Spiegel M, Schneider K, Weber F, et al. Interaction of severe acute respiratory syndrome-associated coronavirus with 
dendritic cells. J Gen Virol 2006;87:1953—1960, doi: 10.1099/vir.0.81624-0, PMID: 16760397. 

Stewart H, Brown K, Dinan AM, et al. The transcriptional and translational landscape of equine torovirus. J Virol 
2018;92:e00589-18, doi: 10.1128/JVI.00589-18, PMID: 29950409. 

Stobart CC, Lee AS, Lu X, et al. Temperature-sensitive mutants and revertants in the coronavirus nonstructural 
protein 5 protease (3CLpro) define residues involved in long-distance communication and regulation of protease 
activity. J Virol 2012;86:4801-4810, doi: 10.1128/JV1.06754-11, PMID: 22345451. 

Stockman LJ, Bellamy R, Garner P. SARS: systematic review of treatment effects. PLoS Med 2006;3:e343, doi: 
10.1371/journal.pmed.0030343, PMID: 16968120. 

Stohlman SA, Bergmann CC, Perlman S. Mouse hepatitis virus. In: Ahmed R, Chen I, eds. Persistent Viral 
Infections. New York: John Wiley & Sons, Ltd.; 1998:537-557. 

Stohlman SA, Fleming JO, Patton CD, et al. Synthesis and subcellular localization of the murine coronavirus 
nucleocapsid protein. Virology 1983;130:527-532, doi: 10.1016/0042-6822(83)90106-X, PMID: 6196910. 

Stokes HL, Baliji S, Hui CG, et al. A new cistron in the murine hepatitis virus replicase gene. J Virol 
2010;84:10148-10158, doi: 10.1128/JV1.00901-10, PMID: 20668085. 

Sturman LS, Holmes KV. The molecular biology of coronaviruses. Adv Virus Res 1983;28:35-111, doi: 
10.1016/s0065-3527(08)60721-6, PMID: 6362367. 

Sturman LS, Holmes KV, Behnke J. Isolation of coronavirus envelope glycoproteins and interaction with the viral 
nucleocapsid. J Virol 1980;33:449-462, doi: 10.1128/JVI.33.1.449-462.1980, PMID: 6245243. 

Subbarao K, Roberts A. Is there an ideal animal model for SARS? Trends Microbiol 2006;14:299-303, doi: 
10.1016/j.tim.2006.05.007, PMID: 16759866. 

Subissi L, Posthuma CC, Collet A, et al. One severe acute respiratory syndrome coronavirus protein complex 
integrates processive RNA _ polymerase and exonuclease activities. Proc Natl Acad Sci U S A 
2014;111:E3900-E3909, doi: 10.1073/pnas.1323705111, PMID: 25197083. 

Taguchi F, Hirai-Yuki A. Mouse hepatitis virus receptor as a determinant of the mouse susceptibility to MHV 
infection. Front Microbiol 2012;3:68, doi: 10.3389/fmicb.2012.00068, PMID: 22375141. 

Talbot HK, Crowe JE Jr, Edwards KM, et al. Coronavirus infection and hospitalizations for acute respiratory illness 
in young children. J Med Virol 2009;81:853-856, doi: 10.1002/jmv.21443, PMID: 19319948. 

Tang F, Quan Y, Xin ZT, et al. Lack of peripheral memory B cell responses in recovered patients with severe acute 
respiratory syndrome: a six-year follow-up study. J Immunol 2011;186:7264—7268, doi: 10.4049/jimmunol.0903490, 
PMID: 21576510. 

Tangudu C, Olivares H, Netland J, et al. Severe acute respiratory syndrome coronavirus protein 6 accelerates murine 
coronavirus infections. J Virol 2007;81:1220-1229, doi: 10.1128/JV1.01515-06, PMID: 17108045. 

Tao X, Hill TE, Morimoto C, et al. Bilateral entry and release of Middle East respiratory syndrome coronavirus 
induces profound apoptosis of human bronchial epithelial cells. J Virol 2013;87:9953-9958, doi: 10.1128/JVI.01562- 
13, PMID: 23824802. 

Tao Y, Shi M, Chommanard C, et al. Surveillance of bat coronaviruses in Kenya identifies relatives of human 
coronaviruses NL63 and 229E and their recombination history. J Virol 2017;91, doi: 10.1128/JV1I.01953-16, PMID: 


414, 


415. 


416. 


417. 


418. 


419. 


420. 


421. 


422. 


423. 


424. 


425. 


426. 


427. 


428. 


429. 


430. 


431. 


432. 


433. 


434. 


28077633. 

Tekes G, Thiel HJ. Feline coronaviruses: pathogenesis of feline infectious peritonitis. Adv Virus Res 
2016;96:193-218, doi: 10.1016/bs. aivir.2016.08.002, PMID: 27712624. 

Thiel V, Herold J, Schelle B, et al. Infectious RNA transcribed in vitro from a cDNA copy of the human coronavirus 
genome cloned in vaccinia virus. J Gen Virol 2001;82:1273-1281, doi: 10.1099/0022-1317-82-6-1273, PMID: 
11369870. 

Thornbrough JM, Jha BK, Yount B, et al. Middle East respiratory syndrome coronavirus NS4b protein inhibits host 
RNase L activation. MBio. 2016;7(2):e00258, doi: 10.1128/mBio.00258-16, PMID: 27025250. 

To J, Surya W, Fung TS, et al. Channel-inactivating mutations and their revertant mutants in the envelope protein of 
infectious bronchitis virus. J Virol 2017;91:e02158-16, doi: 10.1128/JV1.02158-16, PMID: 27974570. 

Trandem K, Anghelina D, Zhao J, et al. Regulatory T cells inhibit T cell proliferation and decrease demyelination in 
mice chronically infected with a coronavirus. J Immunol 2010;184:4391-4400, doi: 10.4049/jimmunol.0903918, 
PMID: 20208000. 

Trandem K, Zhao J, Fleming E, et al. Highly activated cytotoxic CD8 T cells express protective IL-10 at the peak of 
coronavirus-Induced encephalitis. J Immunol 2011;186:3642—3652, doi: 10.4049/jimmunol.1003292, PMID: 
21317392. 

Tresnan DB, Levis R, Holmes KV. Feline aminopeptidase N serves as a receptor for feline, canine, porcine, and 
human coronaviruses in serogroup I. J Virol 1996;70:8669-8674, doi: 10.1128/JVI.70.12.8669-8674.1996, PMID: 
8970993. 

Tsai TL, Lin CH, Lin CN, et al. Interplay between the poly(A) tail, poly(A)-binding protein, and coronavirus 
nucleocapsid protein regulates gene expression of coronavirus and the host cell. J Virol 2018;92:e01162-18, doi: 
10.1128/JVI.01162-18, PMID: 30209168. 

Tynell J, Westenius V, Ronkko E, et al. Middle East respiratory syndrome coronavirus shows poor replication but 
significant induction of antiviral responses in human monocyte-derived macrophages and dendritic cells. J Gen Virol 
2016;97:344—355, doi: 10.1099/jgv.0.000351, PMID: 26602089. 

Ujike M, Taguchi F. Incorporation of spike and membrane glycoproteins into coronavirus virions. Viruses 
2015;7:1700-1725, doi: 10.3390/v7041700, PMID: 25855243. 

van Beurden SJ, Berends AJ, Kraémer-Kiihl A, et al. A reverse genetics system for avian coronavirus infectious 
bronchitis virus based on targeted RNA recombination. Virol J 2017;14:109, doi: 10.1186/s12985-017-0775-8, 
PMID: 28606144. 

van der Hoek L, Pyrc K, Jebbink MF, et al. Identification of a new human coronavirus. Nat Med 2004;10:368-373, 
doi: 10.1038/nm1024, PMID: 15034574. 

van der Hoek L, Sure K, Ihorst G, et al. Croup is associated with the novel coronavirus NL63. PLoS Med 
2005;2:e240, doi: 10.1371/journal.pmed.0020240, PMID: 16104827. 

van Hemert MJ, van den Worm SH, Knoops K, et al. SARS-coronavirus replication/transcription complexes are 
membrane-protected and need a host factor for activity in vitro. PLoS Pathog 2008;4:e1000054, doi: 
10.1371/journal.ppat.1000054, PMID: 18451981. 

van Marle G, Dobbe JC, Gultyaev AP, et al. Arterivirus discontinuous mRNA transcription is guided by base pairing 
between sense and antisense transcription-regulating sequences. Proc Natl Acad Sci US A 1999;96:12056-12061, 
doi: 10.1073/pnas.96.21.12056, PMID: 10518575. 

Varghese L, Zachariah P, Vargas C, et al. Epidemiology and clinical features of human coronaviruses in the pediatric 
population. J Pediatric Infect Dis Soc 2018;7:151-158, doi: 10.1093/jpids/pix027, PMID: 28482105. 
Venkatagopalan P, Daskalova SM, Lopez LA, et al. Coronavirus envelope (E) protein remains at the site of 
assembly. Virology 2015;478:75-85, doi: 10.1016/j.virol.2015.02.005, PMID: 25726972. 

Vennema H, de Groot RJ, Harbour DA, et al. Early death after feline infectious peritonitis virus challenge due to 
recombinant vaccinia virus immunization. J Virol 1990;64:1407-1409, doi: 10.1128/JVI.64.3.1407-1409.1990, 
PMID: 2154621. 

Vennema H, Godeke GJ, Rossen JW, et al. Nucleocapsid-independent assembly of coronavirus-like particles by co- 
expression of viral envelope protein genes. EMBO J 1996;15:2020-2028, doi: 10.1002/j.1460-2075.1996.tb00553.x, 
PMID: 8617249. 

Verma S, Bednar V, Blount A, et al. Identification of functionally important negatively charged residues in the 
carboxy end of mouse hepatitis coronavirus A59 nucleocapsid protein. J Virol 2006;80:4344—4355, doi: 
10.1128/JVI.80.9.4344-4355.2006, PMID: 16611893. 

Versteeg GA, Bredenbeek PJ, van den Worm SH, et al. Group 2 coronaviruses prevent immediate early interferon 
induction by protection of viral RNA from host cell recognition. Virology 2007;361:18-26, doi: 


435. 


436. 


437. 


438. 


439. 


440. 


441. 


442. 


443. 


444. 


445. 


446. 


447. 


448. 


449. 


450. 


451. 


452. 


453. 


454. 


455. 


456. 


457. 


10.1016/j.virol.2007.01.020, PMID: 17316733. 

Vijgen L, Keyaerts E, Lemey P, et al. Evolutionary history of the closely related group 2 coronaviruses: porcine 
hemagglutinating encephalomyelitis virus, bovine coronavirus, and human coronavirus OC43. J Virol 
2006;80:7270-7274, doi: 10.1128/JVI.02675-05, PMID: 16809333. 

Walls AC, Tortorici MA, Bosch BJ, et al. Cryo-electron microscopy structure of a coronavirus spike glycoprotein 
trimer. Nature 2016;531:114—117, doi: 10.1038/nature16988, PMID: 26855426. 

Walls AC, Tortorici MA, Frenz B, et al. Glycan shield and epitope masking of a coronavirus spike protein observed 
by cryo-electron microscopy. Nat Struct Mol Biol 2016;23:899-905, doi: 10.1038/nsmb.3293, PMID: 27617430. 
Walls AC, Tortorici MA, Snijder J, et al. Tectonic conformational changes of a coronavirus spike glycoprotein 
promote membrane fusion. Proc Natl Acad Sci U S A 2017;114:11157-11162, doi: 10.1073/pnas.1708727114, 
PMID: 29073020. 

Walsh EE, Shin JH, Falsey AR. Clinical impact of human coronaviruses 229E and OC43 infection in diverse adult 
populations. J Infect Dis 2013;208:1634—1642, doi: 10.1093/infdis/jit393, PMID: 23922367. 

Wan Z, Zhang Y, He Z, et al. A melting curve-based multiplex RT-qPCR assay for simultaneous detection of four 
human coronaviruses. Int J Mol Sci 2016;17, doi: 10.3390/ijms17111880, PMID: 27886052. 

Wang L, Junker D, Hock L, et al. Evolutionary implications of genetic variations in the S1 gene of infectious 
bronchitis virus. Virus Res 1994;34:327-338, doi: 10.1016/0168-1702(94)90132-5, PMID: 7856318. 

Wang B, Liu Y, Ji CM, et al. Porcine deltacoronavirus engages the transmissible gastroenteritis virus functional 
receptor porcine aminopeptidase N for infectious cellular entry. J Virol 2018;92:e00318-18, doi: 10.1128/JV1.00318- 
18, PMID: 29618640. 

Wang N, Shi X, Jiang L, et al. Structure of MERS-CoV spike receptor-binding domain complexed with human 
receptor DPP4. Cell Res 2013;23:986—993, doi: 10.1038/cr.2013.92, PMID: 23835475. 

Wang F, Stohlman SA, Fleming JO. Demyelination induced by murine hepatitis virus JHM strain (MHV-4) is 
immunologically mediated. J Neuroimmunol 1990;30:31-41, doi: 10.1016/0165-5728(90)90050-W, PMID: 
2172304. 

Weiner LP. Pathogenesis of demyelination induced by a mouse hepatitis virus (JHM virus). Arch Neurol 
1973;28:298-303, doi: 10.1001/archneur.1973.00490230034003, PMID: 4348723. 

Westerbeck JW, Machamer CE. A coronavirus E protein is present in two distinct pools with different effects on 
assembly and the secretory pathway. J Virol 2015;89:9313-9323, doi: 10.1128/JVI.01237-15, PMID: 26136577. 
White TC, Yi Z, Hogue BG. Identification of mouse hepatitis coronavirus A59 nucleocapsid protein phosphorylation 
sites. Virus Res 2007;126:139-148, doi: 10.1016/j.virusres.2007.02.008, PMID: 17367888. 

WHO. Laboratory testing for Middle East respiratory syndrome coronavirus. 2013. Available at: 
http://www. who.int/csr/disease/coronavirus_infections/MERS_Lab_recos_16_Sept_2013.pdf 

Williams GD, Chang RY, Brian DA. A phylogenetically conserved hairpin-type 3’ untranslated region pseudoknot 
functions in coronavirus RNA replication. J Virol 1999;73:8349-8355, doi: 10.1128/JVI.73.10.8349-8355.1999, 
PMID: 10482585. 

Williams RK, Jiang G, Holmes KV. Receptor for mouse hepatitis virus is a member of the carcinoembryonic antigen 
family of glycoproteins. Proc Natl Acad Sci U S A 1991;88:5533-5536, doi: 10.1073/pnas.88.13.5533, PMID: 
1648219. 

Williams RK, Jiang GS, Snyder SW, et al. Purification of the 110-kilodalton glycoprotein receptor for mouse 
hepatitis virus (MHV)-A59 from mouse liver and identification of a nonfunctional, homologous protein in MHV- 
resistant SJL/J mice. J Virol 1990;64:3817—3823, doi: 10.1128/JV1.64.8.3817-3823.1990, PMID: 2164599. 

Wilson L, McKinlay C, Gage P, et al. SARS coronavirus E protein forms cation-selective ion channels. Virology 
2004;330:322-331, doi: 10.1016/j.virol.2004.09.033, PMID: 15527857. 

Wong SK, Li W, Moore MJ, et al. A 193-amino acid fragment of the SARS coronavirus S protein efficiently binds 
angiotensin-converting enzyme 2. J Biol Chem 2004;279:3197-3201, doi: 10.1074/jbc.C300520200, PMID: 
14670965. 

Wong AHM, Tomlinson ACA, Zhou D, et al. Receptor-binding loops in alphacoronavirus adaptation and evolution. 
Nat Commun 2017;8:1735, doi: 10.1038/s41467-017-01706-x, PMID: 29170370. 

Woo PC, Lau SK, Chu CM, et al. Characterization and complete genome sequence of a novel coronavirus, 
coronavirus HKU1, from patients with pneumonia. J Virol 2005;79:884—895, doi: 10.1128/JVI1.79.2.884-895.2005, 
PMID: 15613317. 

Woo PCW, Lau SKP, Huang Y, et al. Coronavirus diversity, phylogeny and interspecies jumping. Exp Biol Med 
2009;234:1117-1127, doi: 10.3181/0903-MR-94, PMID: 19546349. 

Woo PC, Lau SK, Lam CS, et al. Discovery of seven novel mammalian and avian coronaviruses in the genus 


458. 


459. 


460. 


461. 


462. 


463. 


464. 


465. 


466. 


467. 


468. 


469. 


470. 


471. 


472. 


473. 


474, 


475. 


476. 


477. 


478. 


deltacoronavirus supports bat coronaviruses as the gene source of alphacoronavirus and betacoronavirus and avian 
coronaviruses as the gene source of gammacoronavirus and deltacoronavirus. J Virol 2012;86:3995—4008, doi: 
10.1128/JVI.06540-11, PMID: 22278237. 

Woo PC, Lau SK, Tsoi HW, et al. Clinical and molecular epidemiological features of coronavirus HKU1-associated 
community-acquired pneumonia. J Infect Dis 2005;192:1898-1907, doi: 10.1086/497151, PMID: 16267760. 

Woo PC, Wang M, Lau SK, et al. Comparative analysis of twelve genomes of three novel group 2c and group 2d 
coronaviruses reveals unique group and subgroup features. J Virol 2007;81:1574—1585, doi: 10.1128/JVI.02182-06, 
PMID: 17121802. 

Wu CH, Chen PJ, Yeh SH. Nucleocapsid phosphorylation and RNA helicase DDX1 recruitment enables coronavirus 
transition from discontinuous to continuous transcription. Cell Host Microbe 2014;16:462-472, doi: 
10.1016/j.chom.2014.09.009, PMID: 25299332. 

Wu GF, Dandekar AA, Pewe L, et al. CD4 and CD8 T cells have redundant but not identical roles in virus-induced 
demyelination. J Immunol 2000;165:2278—2286, doi: 10.4049/jimmunol.165.4.2278, PMID: 10925317. 

Wu HY, Ke TY, Liao WY, et al. Regulation of coronaviral poly(A) tail length during infection. PLoS One 
2013;8:e70548, doi: 10.1371/journal.pone.0070548, PMID: 23923003. 

Xie Q, Cao Y, Su J, et al. Two deletion variants of Middle East respiratory syndrome coronavirus found in a patient 
with characteristic symptoms. Arch Virol 2017;162:2445-2449, doi: 10.1007/s00705-017-3361-x, PMID: 28421366. 
Xie L, Liu Y, Fan B, et al. Dynamic changes of serum SARS-coronavirus IgG, pulmonary function and radiography 
in patients recovering from SARS after hospital discharge. Respir Res 2005;6:5, doi: 10.1186/1465-9921-6-5, PMID: 
15638943. 

Xiong X, Tortorici MA, Snijder J, et al. Glycan shield and fusion activation of a deltacoronavirus spike glycoprotein 
fine-tuned for enteric infections. J Virol 2017;92:e01628-17, doi: 10.1128/JVI.01628-17, PMID: 29093093. 

Yang D, Leibowitz JL. The structure and functions of coronavirus genomic 3’ and 5’ ends. Virus Res 
2015;206:120-133, doi: 10.1016/j.virusres.2015.02.025, PMID: 25736566. 

Yang H, Xie W, Xue X, et al. Design of wide-spectrum inhibitors targeting coronavirus main proteases. PLoS Biol 
2005;3:e324, doi: 10.1371/journal.pbio.0030324, PMID: 16128623. 

Yang Y, Ye F, Zhu N, et al. Middle East respiratory syndrome coronavirus ORF4b protein inhibits type I interferon 
production through both cytoplasmic and nuclear targets. Sci Rep 2015;5:17554, doi: 10.1038/srep17554, PMID: 
26631542. 

Ye R, Montalto-Morrison C, Masters PS. Genetic analysis of determinants for spike glycoprotein assembly into 
murine coronavirus virions: distinct roles for charge-rich and cysteine-rich regions of the endodomain. J Virol 
2004;78:9904—9917, doi: 10.1128/JVI.78.18.9904-9917.2004, PMID: 15331724. 

Yeager CL, Ashmun RA, Williams RK, et al. Human aminopeptidase N is a receptor for human coronavirus 229E. 
Nature 1992;357:420-422, doi: 10.1038/357420a0, PMID: 1350662. 

Yount B, Curtis KM, Baric RS. Strategy for systematic assembly of large RNA and DNA genomes: transmissible 
gastroenteritis virus model. J Virol 2000;74:10600-10611, doi: 10.1128/JVI.74.22.10600-10611.2000, PMID: 
11044104. 

Yount B, Roberts RS, Lindesmith L, et al. Rewiring the severe acute respiratory syndrome coronavirus (SARS-CoV) 
transcription circuit: Engineering a recombination-resistant genome. Proc Natl Acad Sci U S A 
2006;103:12546—12551, doi: 10.1073/pnas.0605438103, PMID: 16891412. 

Yuan Y, Cao D, Zhang Y, et al. Cryo-EM structures of MERS-CoV and SARS-CoV spike glycoproteins reveal the 
dynamic receptor binding domains. Nat Commun 2017;8:15092, doi: 10.1038/ncomms15092, PMID: 28393837. 
Zaki AM, van Boheemen S, Bestebroer TM, et al. Isolation of a novel coronavirus from a man with pneumonia in 
Saudi Arabia. N Engl J Med 2012;367:1814—1820, doi: 10.1056/NEJMoa1211721, PMID: 23075143. 

Zeng LP, Gao YT, Ge XY, et al. Bat severe acute respiratory syndrome-like coronavirus WIV1 encodes an extra 
accessory protein, ORFX, involved in modulation of the host immune response. J Virol 2016;90:6573-6582, doi: 
10.1128/JV1.03079-15, PMID: 27170748. 

Zeng Q, Langereis MA, van Vliet AL, et al. Structure of coronavirus hemagglutinin-esterase offers insight into 
corona and influenza virus evolution. Proc Natl Acad Sci U S A _ 2008;105:9065-9069, doi: 
10.1073/pnas.0800502105, PMID: 18550812. 

Zhao J, Alshukairi AN, Baharoon SA, et al. Recovery from the Middle East respiratory syndrome is associated with 
antibody and T-cell responses. Sci Immunol 2017;2:eaan5393, doi: 10.1126/sciimmunol.aan5393, PMID: 28778905. 
Zhao L, Jha BK, Wu A, et al. Antagonism of the interferon-induced OAS-RNase L pathway by murine coronavirus 
ns2 protein is required for virus replication and liver pathology. Cell Host Microbe 2012;11:607-616, doi: 
10.1016/j.chom.2012.04.011, PMID: 22704621. 


479. 


480. 


481. 


482. 


483. 


484. 


485. 


486. 


487. 


488. 


489. 


490. 


491. 


492. 


493. 


Zhao J, Li K, Wohlford-Lenane C, et al. Rapid generation of a mouse model for Middle East respiratory syndrome. 
Proc Natl Acad Sci U S A 2014;111:4970—4975, doi: 10.1073/pnas.1323279111, PMID: 24599590. 

Zhao J, Zhao J, Legge K, et al. Age-related increases in PGD(2) expression impair respiratory DC migration, 
resulting in diminished T cell responses upon respiratory virus infection in mice. J Clin Invest 2011;121:4921—4930, 
doi: 10.1172/JCI59777, PMID: 22105170. 

Zhao J, Zhao J, Van Rooijen N, et al. Evasion by stealth: inefficient immune activation underlies poor T cell response 
and severe disease in SARS-CoV-infected mice. PLoS Pathog 2009;5:e1000636, doi: 10.1371/journal.ppat. 1000636, 
PMID: 19851468. 

Zhou J, Chu H, Li C, et al. Active replication of Middle East respiratory syndrome coronavirus and aberrant 
induction of inflammatory cytokines and chemokines in human macrophages: implications for pathogenesis. J Infect 
Dis 2014;209:1331-1342, doi: 10.1093/infdis/jit504, PMID: 24065148. 

Zhou P, Fan H, Lan T, et al. Fatal swine acute diarrhoea syndrome caused by an HKU2-related coronavirus of bat 
origin. Nature 2018;556:255-258, doi: 10.1038/s41586-018-0010-9, PMID: 29618817. 

Zhou H, Perlman S. Mouse hepatitis virus does not induce Beta interferon synthesis and does not inhibit its induction 
by double-stranded RNA. J Virol 2007;81:568—574, doi: 10.1128/JV1.01512-06, PMID: 17079305. 

Zhu X, Fang L, Wang D, et al. Porcine deltacoronavirus nsp5 inhibits interferon-beta production through the 
cleavage of NEMO. Virology 2017;502:33-38, doi: 10.1016/j.virol.2016.12.005, PMID: 27984784. 

Ziebuhr J. The coronavirus replicase. Curr Top Microbiol Immunol 2005;287:57-94, doi: 10.1007/3-540-26765-4_3, 
PMID: 15609509. 

Ziebuhr J, Thiel V, Gorbalenya AE. The autocatalytic release of a putative RNA virus transcription factor from its 
polyprotein precursor involves two paralogous papain-like proteases that cleave the same peptide bond. J Biol Chem 
2001;276:33220-33232, doi: 10.1074/jbc.M104097200, PMID: 11431476. 

Zumla A, Chan JF, Azhar EI, et al. Coronaviruses—drug discovery and therapeutic options. Nat Rev Drug Discov 
2016;15:327-347, doi: 10.1038/nrd.2015.37, PMID: 26868298. 

Zumla A, Hui DS, Perlman S. Middle East respiratory syndrome. Lancet 2015;386:995—1007, doi: 10.1016/S0140- 
6736(15)60454-8, PMID: 26049252. 

Zuftiiga S, Sola I, Alonso S, et al. Sequence motifs involved in the regulation of discontinuous coronavirus 
subgenomic RNA synthesis. J Virol 2004;78:980—994, doi: 10.1128/JVI.78.2.980-994.2004, PMID: 14694129. 

Zust R, Cervantes-Barragan L, Habjan M, et al. Ribose 2'-O-methylation provides a molecular signature for the 
distinction of self and non-self mRNA dependent on the RNA sensor Mda5. Nat Immunol 2011;12:137-143, doi: 
10.1038/ni.1979, PMID: 21217758. 

Zust R, Cervantes-Barragan L, Kuri T, et al. Coronavirus non-structural protein 1 is a major pathogenicity factor: 
implications for the rational design of coronavirus vaccines. PLoS Pathog 2007;3:e109, doi: 
10.1371/journal.ppat.0030109, PMID: 17696607. 

Ziist R, Miller TB, Goebel SJ, et al. Genetic interactions between an essential 3’ cis-acting RNA pseudoknot, 
replicase gene products, and the extreme 3' end of the mouse coronavirus genome. J Virol 2008;82:1214—1228, doi: 
10.1128/JVI.01690-07, PMID: 18032506. 


CHAPTER 11 


Filoviridae 
Jens H. Kuhn ¢ Gaya K. Amarasinghe * Donna L. Perry 


History 
Marburgviruses 
Ebolaviruses 
Cuevaviruses 
Striaviruses 
Thamnoviruses 
Dianloviruses 
Other Filoviruses 
Classification 
Virion Structure 
Genome Structure and Organization 
Filovirus Genomic Organization 
Filovirus Genome Expression Products 
Filovirus GP Gene Expression Products 
Stages of Replication 
Filovirion Cell-Surface Attachment and Host Cell Entry 
Filovirus Genome Replication and Transcription 
Filovirion Assembly and Budding 
Pathogenesis and Pathology 
Pathogenesis Following Filovirus Host Entry 
Filovirus Intrahost Distribution and Pathologic Consequences 
Immune Response to Filovirus Infection 
Virulence 
Persistence 
Epidemiology 
Clinical Features 
Diagnosis 
Differential Diagnosis 
Laboratory Diagnosis 
Prevention and Control 


Prevention 
‘Treatment 


Perspective 
Footnote 
Acknowledgments 
Disclaimer 


HISTORY 


The known history of filovirus infections spans five decades. Since the first discovery of a 


filovirus in 1967, 43 natural human filovirus disease (FVD) outbreaks and at least five 
laboratory-acquired infections (LAIs) have been recorded (Figs. 11.1 and 11.2). Limited 


clusters of human filovirus infections were likely overlooked in the past. However, 
improved surveillance and reporting systems together with progress in diagnostic 
methodologies still support the notion that human filovirus spillover events are extremely 
rare. Almost all FVD outbreaks have occurred in Equatorial (Western, Middle, and Eastern) 


Africa, suggesting that filoviruses pathogenic to humans are endemic primarily on the 
African continent. The majority of FVD outbreaks has been caused by single introductions of 
a filovirus from an unknown source into the affected human populations with subsequent 
amplification by direct person-to-person transmission. FVD outbreaks have most commonly 
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occurred in isolated rural areas, rarely involving more than a few hundred people. 
However, some outbreaks have occurred in urban areas. One outbreak affected almost 29,000 
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people, demonstrating that filoviruses have the potential for pandemic spread associated 
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with significant socioeconomic impacts. 
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FIGURE 11.1 Global filovirus distribution. A: Human filovirus infections are 
indicated on a global map by colored dots indicating different filoviruses. 
Countries where filoviruses are suspected to be endemic are colored pink. 


Countries affected by imported cases are colored yellow, with arrows indicating 
origin and destination of cases. Hollow dots indicate locations of laboratory- 
acquired infections (LAIs; in this text defined as filovirus infections acquired in 
nonclinical laboratories during activities known to involve filoviruses). Half- 
colored dots indicate unambiguous human filovirus detection in nonhuman 
animals. Asterisks, triangles, squares, and diamonds indicate discovery locations 
of filoviruses, thus far, not associated with human infections. Question marks 
indicate uncertain origins. Only current country names are shown. B: 
Magnification of central insert indicated by dashed lines in (A). Former country 
names are listed in parenthesis under current names. BDBV, Bundibugyo virus; 
BOMV, Bombali virus; COD, Democratic Republic of the Congo; COG, 
Republic of the Congo; EBOV, Ebola virus; HUJV, Huangjiao virus; LLOV, 
Lloviu virus; MARV, Marburg virus; MLAV, Méngla™ virus; RAVV, Ravn virus; 
RESTYV, Reston virus; SUDV, Sudan virus; TAFV, Tai Forest virus; USA, United 
States of America; XILV, Xila‘ng virus. (Adapted from Kuhn JH. Ebolavirus and 
marburgvirus infections. In: Jameson JL, Fauci AS, Kasper DL, et al., eds. 
Harrison’s Principles of Internal Medicine, Vol. 2. 20th ed. Columbus: McGraw- 
Hill Education; 2018: 1509-1515; Radoshitzky SR, Bavari S, Jahrling PB, et al. 
Filoviruses. In: Bozue J, Cote CK, Glass PJ, eds. Medical Aspects of Biological 
Warfare. Fort Sam Houston: Borden Institute, US Army Medical Department 


Center and School, Health Readiness Center of Excellence; 2018:569-614, 
Refs. Figure courtesy of Jiro Wada, IRF-Frederick, Fort Detrick, MD, 
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FIGURE 11.2 Global human filovirus infections. Occurrences are listed by 
year and etiologic agent. Laboratory-acquired infections are indicated by gray 
italics; international case exportations are indicated using arrows (left column). 
Case numbers and deaths for each filovirus, all filoviruses of a particular genus, 
and all filoviruses together are listed for each outbreak in the utmost right 
columns. Lethality/case-fatality rates for each individual outbreak are indicated 
by dots plotted in the middle column on a 0% to 100% scale along with 99% 
confidence intervals (gray horizontal bars). Average lethalities over all outbreaks 
caused by an individual filovirus, filoviruses of a particular genus, or all 
filoviruses are indicated by vertical lines with 99% confidence intervals shown 
by dashed lines (partially overlapping). Countries are listed according to their 
official names at the time of filovirus detection. BDBV, Bundibugyo virus; COD, 
Democratic Republic of the Congo; COG, Republic of the Congo; EBOV, Ebola 
virus; MARV, Marburg virus; RAVV, Ravn virus; RESTV, Reston virus; SUDV, 
Sudan virus; TAFV, Tai Forest virus; UK, United Kingdom; USA; United States 
of America; USSR, Union of Soviet Socialist Republics. *, case numbers as of 
December 1, 2019. 


(Inspired by Kuhn JH. Ebolavirus and marburgvirus infections. In: Jameson JL, Fauci AS, Kasper DL, et al., eds. Harrison’s 
Principles of Internal Medicine, Vol. 2. 20th ed. Columbus: McGraw-Hill Education; 2018:1509-1515. Figure courtesy of 
Jiro Wada, IRF-Frederick, Fort Detrick, MD, USA.) 


Marburgviruses 


Marburg Virus 


The first recorded filovirus, Marburg virus (MARV), was discovered in 1967. Three nearly 
simultaneous case clusters of severe and frequently lethal human disease occurred among 
laboratory personnel working in poliomyelitis vaccine-manufacturing institutes in Marburg 


an der Lahn and Frankfurt am Main, Hesse, West Germany (today Germany) and Belgrade, 


Yugoslavia (today Serbia). > The initial West German infections happened during 


routine tissue harvesting from infected grivets (Primates: Cercopithecidae: Chlorocebus 


aethiops Linnaeus, 1758) imported from Uganda, with subsequent secondary transmission 
. Bt oe . rae 2 294 486 684 
among colleagues and nosocomial transmissions during clinical treatment of patients. ° ° 


In Yugoslavia, a veterinarian became infected during the necropsy of a grivet that had died 
from unknown causes. His wife attended to him during his illness and, thereby, became 


infected herself. These grivets had been imported from the same Ugandan nonhuman 
primate (NHP) exporter that supplied the West German facilities. Thus, all three case clusters 
were epidemiologically connected through grivets that likely became infected in Eastern 


Africa. However, the true source of MARV that caused this outbreak, which ultimately 
affected 31 people and killed 7, was never identified, and this outbreak was the only recorded 
natural occurrence of MARV infection involving grivets. 


Over the subsequent five decades, MARV has caused only a few sporadic infections. In 
1975, a student became infected with the virus from an unknown source in Rhodesia (now 
Zimbabwe). Prior to his death, the student transmitted the virus to his companion and later to 
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a medical professional during treatment in Johannesburg, South Africa. » » In 1980, 
MARY, again acquired from an unknown source and at an unknown location, killed a French 
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citizen in Kenya and led to the infection of one of his doctors. 


Further cases of MARV infection occurred in Uganda from 2007 to 2017. In 2007, an 
outbreak occurred in Ibanda District among three visitors of a Kamwenge District gold mine 
(Kitaka Cave) inhabited by (cavernicolous and frugivorous) Egyptian rousettes (Chiroptera: 
Pteropodidae: Rousettus aegyptiacus E. Geoffroy, 1810). These bats are now known to be 
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natural hosts of the virus. ~ » » In 2008, in Bushenyi District, two tourists who had 


independently visited Python Cave inhabited by Egyptian rousettes became infected and 
inadvertently exported MARV to Colorado, the United States, and South Holland, the 


Netherlands, respectively. In 2012, an outbreak in the Ibanda, Kabale, and Kamwenge 
Districts affected 26 people (15 deaths). Though suspected, none of these infections could be 


associated with Egyptian rousette exposure. In 2014, MARV killed a health care worker in 
Kampala, Uganda. In 2017, the last recorded outbreak occurred in Uganda’s Kween 
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District. Four family members became infected, two of them died. Direct exposure to bats 
did not appear to play a role in these latter outbreaks and the route of MARV introduction 
into human populations remains unclear. 


Thus far, MARV has caused only two large disease outbreaks. From 1998 to 2000, 
numerous independent introductions of MARV into a population of illegal gold miners 
caused an outbreak consisting of multiple short transmission chains (at least 153 cases and 
128 deaths) in Orientale Province (today Haut-Uele Province), Democratic Republic of the 


Congo (COD). The outbreak ended after the underground mine was flooded, suggesting that 
“Le 7 ‘i . 7 A 52 53 66 
exposures occurred within the mine, likely involving Egyptian rousettes. » > In 2004, 


MARV infected a single individual in northern Angola by unknown means and urban person- 
to-person transmission ultimately led to a total of 252 infected individuals and 227 


335 692 738 
deaths. > ° 


In addition to natural outbreaks, MARV has been implicated in at least two additional 
LAIs. These infections occurred at the same Soviet (today Russian) institute in Novosibirsk 


Oblast in 1988 and 1990 during research involving the injection of MARV into domesticated 


guinea pigs (Rodentia: Caviidae: Cavia porcellus Linnaeus, 1758). 


MARV has rarely been detected in the wild in the absence of human infections. Next- 
generation sequencing (NGS) detected MARV in Egyptian rousette samples collected in 


2013-2014 in Limpopo Province, South Africa. Interestingly, the sequenced genome was 
found to be very closely related to the MARV isolate that caused the 1975 Rhodesia 


infections. In 2018, MARV was discovered by NGS in Egyptian rousettes sampled in three 
locations in Sierra Leone (unpublished, ) and in Lusaka Province, Zambia. 


Ravn Virus 


In 1987, a close relative of MARV, Ravn virus (RAVV), was discovered after a 15-year-old 
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Danish boy succumbed to infection in Kenya during a vacation trip. The source of 
infection was never identified. Since then, RAVV caused at least two additional human 
infections. One infection occurred during the 1998-2000 disease outbreak among gold 


miners caused predominantly by MARV in COD.” The other affected an individual who, in 
2007, visited the same gold mine (Kitaka Cave) in Uganda that was pinpointed as the origin 


of three human MARV infections that year. In addition, RAVV was repeatedly detected in or 


isolated from Egyptian rousettes from Kitaka Cave and from nearby Python Cave from 2007 
21°23. 737 


to 2012. > 


Ebolaviruses 


Ebola Virus 


Ebola virus (EBOV) was discovered in 1976 during a large outbreak that killed 280 of 318 
infected people from 55 villages in Equateur Province (today Mongala Province) in Zaire 


(today COD). In addition to direct person-to-person contact, transmission was associated 
86 373 582 583 821 


with the reuse of contaminated needles within health care facilities. » 
Over the past five decades, EBOV has caused at least 17 additional disease outbreaks. 
One outbreak was a single infection in a 9-year-old girl in Equateur Province (today Sud- 


Ubangi Province), Zaire in 1977. In 1994-1995, another cluster of at least 52 cases 
occurred after five independent virus introductions into populations working in three 


Gabonese gold mining camps in Woleu-Ntem Province. In 1995, an outbreak involved at 
least 317 urban infections, many of them nosocomial, in and around Kikwit, Bandundu 


Province (today Kwilu Province), Zaire. Seven smaller outbreaks occurred in the Ogooué- 
Ivindo and Ogooué-Lolo Provinces of Gabon and/or the Cuvette-Ouest Department of the 
Republic of the Congo (COG) from 1996 to 2005. Among these, a 1996 outbreak was 
noteworthy because it began with 18 infected children, whereas a 1996-1997 outbreak 
occurred among adults in a logging camp. The remainder of the outbreaks were all traced 


back to hunters who had been in contact with various NHPs or other animals destined for 
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consumption. » ° ’ 5 


After these outbreaks, with one notable exception, EBOV infections were only recorded 
in COD. These outbreaks occurred in 2007 and 2008-2009 in Kasai Occidental Province 


(today Kasai Province), in 2014 and 2018 in Equateur Province,” in 2017 in Bas-Uele 
Province, and from 2018 to time of writing (December 2019) in the Ituri and Nord-Kivu 
Provinces.» The exception is the largest FVD outbreak ever recorded. This outbreak 


likely began in 2013 in Guinea with the typical single index case, followed by substantial 
direct person-to-person transmission that ultimately involved 28,652 infections and 11,325 


deaths distributed over 15 countries (predominantly Guinea, Liberia, and Sierra 
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Leone). > » ° ° ‘True to historical precedent, the source of initial human infection in 


Guinea remains unclear. Indeed, EBOV has yet to be unambiguously detected and/or isolated 
from a wild animal. 


EBOV has also caused at least two lethal LAIs in Russia. The first infection occurred in 
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1996 within a classified research program at a military institute in Moscow Oblast. » The 
second infection occurred in 2004 at the same institute in Novosibirsk Oblast that 


. . : ; ‘ 865 
experienced previous laboratory-acquired MARV infections. 


Sudan Virus 


Sudan virus (SUDV) was discovered almost simultaneously with EBOV in 1976. While 
EBOV spread through the population in Zaire, SUDV affected neighboring Sudan (today 
South Sudan). The three index cases worked in a cotton factory in Nzara, Western Equatoria 
State (today Gbudwe State). After their admission to Maridi City Hospital, SUDV spread 
within the hospital and then, via person-to-person transmission, into Maridi and neighboring 
towns. In total, 151 of 284 people died > d SUDV reemerged in 1979 in an 
employee from the same cotton factory implicated in the 1976 outbreak. As _ before, 
nosocomial transmission of SUDV contributed to the outbreaks, which ultimately claimed 22 
lives. 


SUDV was not reencountered until the end of August 2000, when the virus emerged by 


unknown means in Gulu District, Uganda. Nosocomial transmission amplified the outbreak 
into Masindi and Mbarara Districts, ultimately affecting 425 people and killing pp) Neca a 


After the Gulu outbreak, SUDV caused at least four more outbreaks. In 2004, the virus 
infection killed 7 of 17 people in South Sudan in the same area that experienced outbreaks in 


1976 and 1979.» In 2011, SUDV infection killed a 12-year-old girl in Luweero District, 
Uganda. Then, SUDV reappeared twice in Uganda in 2012, in Kibaale District (24 cases, 
17 deaths) and Luweero District (7 cases, 4 deaths). 


Thus far, a single, nonlethal, laboratory-acquired SUDV infection is on record. In 1976, 
shortly after the discovery of SUDV in Sudan, a British investigator stuck himself with a 
contaminated needle at a military laboratory in South West England, United Kingdom, and 
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became ill several days later. » 


Reston Virus 


Reston virus (RESTV) infection was identified in 1989 and 1990 in severely ill crab-eating 
macaques (Primates: Cercopithecidae: Macaca fascicularis Raffles, 1821) in U.S. NHP 
facilities located in Pennsylvania, Texas, and Virginia shortly after arrival from a NHP export 
facility in Laguna, Luzon, Philippines. The macaques presented with clinical signs typical of 


simian hemorrhagic fever (SHF); indeed, further studies revealed coinfection of some of the 
; ; ; cok se : sida 268 315 357 513 
macaques with SHF-causing simarteriviruses (Arteriviridae: Simarterivirinae). ° ° ° 


Despite increased surveillance and quarantine measures, RESTV was again exported in crab- 
eating macaques from the same Filipino primate supplier to Tuscany, Italy, in 1992 and to 
Texas, United States, in 1996. Simarterivirus coinfections were found only in the macaques 
. . 134 512 514 636 

euthanized in Texas. > ~ ° 

In 2008-2009, RESTV cocirculated together with porcine reproductive and respiratory 
syndrome virus 2 (PRRSV-2; Arteriviridae: Variarterivirinae) and porcine circovirus 2 
(PCV-2; Circoviridae: Circovirus) in severely sick domestic pigs (Artiodactyla: Suidae: Sus 


scrofa domesticus Erxleben, 1777) bred in two piggeries on Luzon, Philippines. The 
contribution of RESTV to the observed disease is unclear. In 2015, RESTV once again 
emerged in the Philippines, this time again in crab-eating macaques, some coinfected with 


measles virus, in a NHP facility close to Manila. Finally, short RESTV gene-like fragments 
were detected in molossid, pteropodid, and vespertilionid bats trapped in the Philippines 


and in samples from PRRSV-2-coinfected domestic pigs in China, suggesting widespread 
RESTV distribution in Asia. 


Thus far, a single asymptomatic human infection with RESTV has been proven 
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unambiguously, but seroconversions have been reported several times in individuals in 
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contact with RESTV-infected animals. » ° ° 


Tai Forest Virus 


Tai Forest virus (TAFV) was discovered in 1994 during an investigation into the cause of 
unusual deaths in a troop of western chimpanzees (Primates: Hominidae: Pan troglodytes 
verus Schwartz, 1934) in Tai National Park, western Cote d’Ivoire. A Swiss ethologist, who 


had performed a field necropsy on one of the apes, fell sick with a dengue fever—like disease. 
She fully recovered after medical evacuation from Abidjan to Switzerland. > 


Histopathological examination of the tissues from the necropsied western chimpanzee 
833 


suggested that the troop indeed had been infected with, and decimated by, TAF'V. 


Bundibugyo Virus 


Bundibugyo virus (BDBV) was first discovered in Bundibugyo District, Uganda, during a 
human disease outbreak that lasted from 2007 to 2008, resulting in at least 149 cases and 37 


deaths.» BDBV has since been encountered during a smaller outbreak in 2012 in 


Orientale Province, COD (62 cases, 34 deaths). As in all previous disease outbreaks caused 
by ebolaviruses, these two outbreaks began with single BDBV introductions into the human 
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population from unknown sources.’ Thus far, BDBV infections have not been associated 
with human exposure to a particular animal or geographic or ecologic feature or associated 
with a certain socioeconomic background. 


Bombali Virus 


Bombali virus (BOMV), which has yet to be isolated, was discovered by NGS in oral and 
rectal swabs taken from apparently healthy insectivorous little free-tailed bats (Chiroptera: 
Molossidae: Chaerephon pumilus Cretzschmar, 1826) and Angolan free-tailed bats 
(Chiroptera: Molossidae: Mops condylurus A. Smith, 1933) sampled in Sierra Leone in 2016. 
Although the sampled bats have roosted inside occupied homes, no human BOMV infections 


have been recorded, and BOMV’s pathogenic potential remains to be determined. BOMV 


RNA has also been found in various organs of Angolan free-tailed bats sampled in Taita- 
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Taveta County, Kenya, in 2018 and Nzérékoré Region, Guinea, in 2018-2019. 


Cuevaviruses 


Lloviu virus (LLOV) was discovered in dead Schreiber’s long-fingered bats (Chiroptera: 
Vespertilionidae: Miniopterus schreibersii Kuhl, 1817) by NGS performed on samples 


collected in Cueva del Lloviu, Asturias Principality, Spain, in 2002.” LLOV was also 


detected by NGS in dead Schreiber’s long-fingered bats found in caves in North Hungarian 


Mountains, Hungary, in 2016. Thus far, LLOV has not been isolated. Whether LLOV 
caused the deaths of the bats it was sequenced from remains as unclear as is the potential of 
LLOV to cause human disease. 


Striaviruses 


Xilang virus (XILV) was discovered by NGS in a striated frogfish (Lophiiformes: 
Antennariidae: Antennarius striatus Shaw, 1794) captured by a fishing trawler in the East 


China Sea in 2011.” XILV has not yet been isolated. 


Thamnoviruses 


Hudngjiao virus (HUJV) was discovered by NGS in a greenfin horse-faced filefish 
(Tetraodontiformes: Monacanthidae: Thamnaconus septentrionalis Giinther, 1874) captured 


by a fishing trawler in the East China Sea in 2011.” HUJV has not yet been isolated. 


Dianloviruses 
Meéngla™ virus (MLAV), first described in 2019, was discovered by NGS in a liver sample 


collected from an apparently healthy Rousettus sp. sampled in 2015 in Yunnan Province, 


China. Thus far, MLAV has not been isolated and its pathogenic potential is currently 
841 842 
unclear. ° 


Other Filoviruses 


The recent discovery of BOMV, HUJV, LLOV, MLAV, and XILV in highly diverse animals 
(e.g., actinopterygid fish, frugivorous and insectivorous bats) in geographically separated 
areas (e.g., Africa, Asia, Europe) suggests that filovirus diversity and distribution are much 
broader than previously appreciated. Indeed, filovirus gene-like sequences were discovered 
in 2009 and 2015 by NGS in samples taken from apparently healthy frugivorous lesser dawn 
bats (Chiroptera: Pteropodidae: Eonycteris spelaea Dobson, 1871) and unspecified rousettes 
in Yunnan Province, China. Additional sequences were detected by NGS in frugivorous 
Leschenault’s rousettes (Rousettus leschenaultii Desmarest, 1820) sampled in 2013 in the 
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same area. ’ In addition, endogenous filovirus-like sequences were found in the genomes 


of various afrosoricids, bats, eulipotyphla, and rodents, as well as in marsupials, indicating 
. a F 62 195 388 721 722 
that filoviruses have a long evolutionary history. > » ° ° 


CLASSIFICATION 


Filoviruses are the members of the family Filoviridae, which is one of the 11 families in the 
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haploviricotine order Mononegavirales. Filoviruses are most closely related to viruses of 
the mononegaviral families Paramyxoviridae, Pneumoviridae, and Sunviridae and are 
assigned to six official genera (Table 11.1). Filovirus genus assignment is based on nine 


determinants: (a) pairwise genome sequence similarities, > (b) phylogenetic distance of 
coding-complete genomes, (c) large protein gene (L) sequences (Fig. 11.3), (d) RNA-directed 


RNA polymerase (RdRp) core domain amino acid sequences, > (e) number and location of 
open reading frames (ORFs) in genomes, (f) the presence or absence of cotranscriptional 


editing sites, (g) geographic distribution, (h) host tropism, and (i) pathogenic potential. 


TABLE 11.1 Filovirus classification and nomenclature as of 2019 


Realm Riboviria 
t 


Kingdom Orthornavirae” 


Phylum Negarnaviricota 


Subphylum Haploviricotina 


Class Monjiviricetes 


Order Mononegavirales 


Family Filoviridae 


Genus Cuevavirus 
Species Lloviu cuevavirus* 
Virus: Lloviu virus (LLOV) 
Genus Dianlovirus® 
Species Mengla dianlovirus’* 
Virus: Méngla virus (MLAV) 
Genus Ebolavirus 
Species Bombali ebolavirus’ 
Virus: Bombali virus (BOMV) 
Species Bundibugyo ebolavirus 
Virus: Bundibugyo virus (BDBV) 
Species Zaire ebolavirus 
Virus: Ebola virus (EBOV)? 
Species Reston ebolavirus 
Virus: Reston virus (RESTV) 
Species Sudan ebolavirus 
Virus: Sudan virus (SUDV) 
Species Tai Forest ebolavirus 
Virus: Tai Forest virus (TAFV) 
Genus Marburgvirus 
Species Marburg marburgvirus* 
Virus 1: Marburg virus (MARV) 
Virus 2: Ravn virus (RAVV) 
Genus Striavirus 
Species Xilang striavirus? 
Virus: Xilang virus (XILV) 
Genus Thamnovirus 
Species Huangjiao thamnovirus* 


Virus: Huangjiao virus (HUJV) 


“Type species. 


From Kuhn JH, Amarasinghe GK, Basler CF, et al. ICTV virus taxonomy profile: Filoviridae. J Gen Virol 


2019;100:911-912. 


A FJ217161.1 BDBV/H.sap/UGA/07/But-81 1250 ] 
FJ217162.1 TAFV/H.sap/CIV/94/Pau-Cl 
AF086833.2 EBOV/H.sap/COD/76/Yam-May 


DQ217792.1 MARV/H.sap/KEN/80/MtE-Mus 
DQ447649.1 RAVV/H.sap/KEN/87/KiC-8 10040 


0.2 


FJ217161.1 BDBV/H.sap/UGA/07/But-81 1250 
FJ217162.1 TAFV/H.sap/CIV/94/Pau-Cl 
AF086833.2 EBOV/H.sap/COD/76/Yam-May 
MF319185.1 BOMV/M.con/SLE/16/Nor-PREDICT_SLAB000156 
AY729654.1 SUDV/H.sap/UGA/00/Gul-808892 
AF522874.1 REST V/M.fas/USA/89/Phi89-Pen 
KP233864 “BtFV/VWD04” 

KX371873.1 “Bat2162” 

JF828358.1 LLOV/M.sch/ESP/03/Ast-Bat86 

DQ217792.1 MARV/H.sap/KEN/80/MtE-Mus 
DQ447649.1 RAVV/H.sap/KEN/87/KiC-8 10040 
KX371887.2 MLAV/Rousettus/CHN/ 1 5/Sha-Bat9447- |! 
MG599980.| XILV/A.str/CHN/17/Wén-XYHYS28627 


MG599981.1 HUJV/T.sep/CHN/17/Wen-LQMMTIII7328 
0,3 


Ebolavirus 
MF319185.1 BOMV/M.con/SLE/|6/Nor-PREDICT_SLAB000156 
AY729654.| SUDV/H.sap/UGA/00/Gul-808892 
AF522874.1 REST V/M.fas/USA/89/Phi89-Pen i 
JF828358.1 LLOV/M.sch/ESP/03/Ast-Bat86 ] Cuevavirus 


Marburgvirus 


KX371887.2 MLAV/Rousettus/CHN/15/Sha-Bat9447-1 | Dianlovirus 
MG599980.1 XILV/A.str/CHN/17/Weéen-XYHYS28627 ] Striavirus 
MG599981.| HUJV/T.sep/CHN/17/Wén-LQMMTII1 7328 ] Thamnovirus 


Ebolavirus 


New genus? 


| Cuevavirus 


Marburgvirus 


Dianlovirus 
| Striavirus 


Thamnovirus 


FIGURE 11.3 Phylogenetic relationships of filoviruses. Maximum-likelihood 
tree (midpoint-rooted) inferred by using (A) coding-complete or complete 
filovirus genome sequences and (B) filovirus RNA-directed RNA polymerase 
gene (L) sequences. Sequences were aligned using Clustal-Omega version 1.2.1 
(http://www.clustal.org/omega/) and were manually curated in Geneious version 
R9 (http://www.geneious.com). Trees were inferred in FastIree version 2.1 
(http://www.microbesonline.org/fasttree/) using a general time reversible (GTR) 
model with 20 gamma-rate categories, 5,000 bootstrap replicates, and exhaustive 


search parameters (-slow) and pseudocounts (-pseudo). Numbers near nodes on 
the trees indicate bootstrap values in decimal form. Tree branches are scaled to 
nucleotide substitutions per site (scale bars). Tips of branches indicate GenBank 


accession numbers and the medium-length abbreviation’ of each filovirus 
isolate used for the analyses in the form of <virus name abbreviation>/<isolation 
host species name _ abbreviation>/<UN Geoscheme country name 
abbreviation>/<year of isolation>/<variant name>-<isolate name>. BDBV, 
Bundibugyo virus; BOMV, Bombali virus; EBOV, Ebola virus; HUJV, Huangjiao 
virus; LLOV, Lloviu virus; MARV, Marburg virus; MLAV, Meéngla” virus; 
RAVV, Ravn virus; RESTV, Reston virus; SUDV, Sudan virus; TAFV, Tai Forest 
virus; XILV, Xila‘ng virus. (Adapted and expanded from Kuhn JH, Amarasinghe 
GK, Basler CF, et al. ICTV virus taxonomy profile: Filoviridae. J Gen Virol 
2019;100:911-912. Analysis courtesy of Dr. Nicholas Di Paola, PhD, 
USAMRIID, Fort Detrick, MD, USA. Figure courtesy of Jiro Wada, IRF- 
Frederick, Fort Detrick, MD, USA.) 


Only the genera Ebolavirus and Marburgvirus contain viruses known to infect humans. 
The World Health Organization (WHO) consequently recognizes two major FVD 
subcategories, Ebola disease (EBOD; caused by BDBV, EBOV, SUDV, or TAFV) and 
Marburg disease (MARD; caused by MARV and RAVV) along with several secondary 
subcategories. 

Due to the extraordinarily high case-fatality rates of most human filovirus infections (Fig. 
11.2), the ability of certain filoviruses to spread from one individual to another by direct 
contact, and the absence of efficacious licensed medical countermeasures (MCMs), filovirus 
research is prioritized within public health preparedness and biodefense efforts.» WHO 
considers all filoviruses that are known to infect humans to be Risk Group 4 (RG-4) 


pathogens. In the United States, any research involving viable forms or ebolaviruses and 
marburgviruses requires biosafety level 4 (BSL-4) or animal biosafety level 4 (ABSL-4) 
containment and adherence to associated standard operating procedures to protect laboratory 


_ 750 _ . : re 
workers and the public. In addition, most filoviruses are classified as Select Agents under 
U.S. Federal Law for regulation and oversight of filovirus research activities and/or 
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possession (Table 11.2). Similar classification systems used by other countries also list 
filoviruses at the top of their risk, safety, or priority categories. 


Bombali virus (BOMV) (A)BSL-4? No Nos Yes (Tier 1)? Yes 


Bundibugyo virus (BDBV) (A)BSL-4? Yes (Category A)’ Yes(Category A)' Yes(Tier 1)? ~— Yes 
Ebola virus (EBOV) (A)BSL-4 Yes (Category A) Yes (Category A) Yes (Tier 1) Yes 
Huangjido virus (HUJV) ? No No No No 
Lloviu virus (LLOV) (A)BSL-4* No No No No 
Marburg virus (MARV) (A)BSL-4 Yes (Category A) Yes (Category A) Yes (Tier 1) Yes 
Méngla virus (MLAV) (A)BSL-4¢ No No No No 
Ravn virus (RAVV) (A)BSL-4* Yes (Category A)’ Yes(Category A)' Yes(Tier1)? Yes 
Reston virus (RESTV) (A)BSL-4 No No Yes (Tier 1)? Yes 
Sudan virus (SUD\ (A)BSL-4* Yes (Category A)’ Yes(Category A)’ Yes(Tier1)* = Yes 
Tai Forest virus (TAFV) (A)BSL-4* Yes (Category A)h  Yes(Category A)’  Yes(Tier1)? Yes 
Xilang virus (XILV) ? No No No No 


(A)BSL, US (animal) biosafety level; CDC, U.S. Centers for Disease Control and Prevention; HHS, U.S. Department of 
Health and Human Services; NIAID, U.S. National Institute of Allergy and Infectious Diseases. 


750 
“Reference lists “Ebola (including Reston)” and “Marburg” as requiring (A)BSL-4 biocontainment. Here, it is assumed 
that these terms include all ebolaviruses/marburgviruses with significant genomic similarities. 


121 
bReference assigns “Viral hemorrhagic fevers, including ... [f]iloviruses (Ebola, Marburg)” to Category A. Because the 
terms “Ebola” and “Marburg” are ambiguous, all human disease-causing ebolaviruses and marburgviruses (rather than just 
Ebola virus and Marburg virus) are listed here in Category A. 


Interpreted here to be included in the ambiguous list phrases “Ebola” or “Marburg.” 


interpreted here to be included in the ambiguous list phrases “Ebola virus” or “Marburg virus.” 


VIRION STRUCTURE 


Filovirion morphology data are only available for ebolaviruses and marburgviruses because 
cuevaviruses, dianloviruses, striaviruses, and thamnoviruses have not yet been isolated. The 
hallmark of ebolavirus and marburgvirus particles is their predominantly filamentous 
appearance that is easily identifiable in electron micrographs (Fig. 11.4). Depending on 
culture conditions and cell or tissue types, particles also can assume branched, toroid, U- 
shaped, or 6-shaped (“shepherd’s crook”) forms. Filamentous and other particles are typically 
less than 1 pm long, but in cell culture, these particles can reach lengths of greater than 20 
. . 63 68 69 202 203 269 644 
um. Their diameters are more uniform, ranging from ~91 to 98 nm.’ °° ° > » 
initial study using recombinantly expressed proteins suggests that cuevavirions may also 
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form predominantly filamentous particles. 


tructure. 
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FIGURE 11.4 Mammalian filov 


A and B:Colorized scanning electron microscopic (SEM) images of Ebola virus (EBOV) 
particles budding from Vero E6 cells. Virions are blue in (A) and green in (B). 


C-E:Transmission electron microscopic (TEM) images of EBOV nucleocapsids forming in 
an intracytoplasmic inclusion body (C), mature virus particles (colored green) (D), and 
budding virus particles (E) in Vero E6 cells. 


F; TEM image of intracytoplasmic inclusion bodies forming EBOV nucleocapsid structures 
(stippled red and white) and intercellular, filamentous, mature virion particles (red) from the 
ovary of a crab-eating macaque. 


G and H:SEM images of Marburg virus (MARV) particles on the surface of Vero E6 cells 
(H colored blue). 


I: Negative-stain TEM image of mature filamentous MARV particles (colored blue) forming 
characteristic shepherd’s crook structures collected from infected Vero E6 cell culture 
supernatants. 


J: TEM image of mature filamentous MARV particles (colored blue) from the liver of a 
rhesus monkey. (Figure courtesy of John G. Bernbaum and Jiro Wada, IRF-Frederick, Fort 
Detrick, MD, USA.) 


Ebolavirions and marburgvirions possess a central core, the helically-arranged 
ribonucleoprotein (RNP) complex. This RNP is #30 to 41 nm in diameter with a pitch of *7 
to 7.5 nm. The RNP is embedded in a matrix layer surrounded by a lipid envelope obtained 
during particle budding from host cell membranes. The lipid envelope is decorated with 
globular peplomers (*7 nm in diameter and “13 nm in length) at intervals of #15 + 4 nm (1 
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peplomer per 250 nm*).°°° *» ° > » 
antigenicity of filovirions. 


These peplomers largely determine the 


Filovirions are sensitive to desiccation, heat, pressure, UV light, y-irradiation, detergents 
(e.g., diethyl ether, phenolic compounds, sodium deoxycholate), formaldehyde, and 
commercial oxidizing agents (e.g., sodium hypochlorite/bleach), but inactivation/disinfection 
efficiency is dependent on disinfectant type, concentration, and contact time and varies based 
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on the volume, titer, and type of contaminated material. ° > >» > > »> > > 2 > > 


GENOME STRUCTURE AND ORGANIZATION 


Filovirus Genomic Organization 


Filovirus genomes are components of filovirion RNPs and are organized like those of most 


mononegaviruses, consisting of linear, nonsegmented, negative-sense RNAs with the 
general gene order 3'-N-P-M-G-L-5’ (filovirus terminology: 3’-NP-VP35-VP40-GP-L-5’). 
Filovirus-specific genes are inserted at various locations throughout the genome depending 


on genus affiliation. For instance, dianlovirus, ebolavirus, and marburgvirus genomes have 
the gene order 3'-NP-VP35-VP40-GP-VP30-VP24-L-5' (Fig. 11.5). However, cuevaviruses 
appear to synthesize VP24 and L expression products from a single gene using a bicistronic 
transcript. Striavirus genomes appear to contain at least 10 genes with only 9 (NP, VP35, 
VP40, GP, VP30, and L) that are obvious homologs to those of ebolaviruses and 
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marburgviruses. ° Finally, thamnoviruses are classified as filoviruses primarily because of 
their NP, GP, and L genes, whereas their four other genes do not have obvious filovirus 
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homologs. » In addition to gene content, filovirus genomes differ in length (*15 kb 
[thamnoviruses] to *19 kb [cuevaviruses, ebolaviruses, and marburgviruses]), number and 
location of gene overlaps (0—9), and absence (dianloviruses, marburgviruses, striaviruses, 


thamnoviruses) or presence (cuevaviruses, ebolaviruses) of overlapping reading frames in the 
F eo a 222 349 550 649 652 679 765 841 7 
GP gene that can be accessed via cotranscriptional editing » » °» » » » ° (Fig. 11.5). 
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FIGURE 11.5 Filovirus genome organization. Genomes are drawn to scale. 


BDBV, Bundibugyo virus; BOMV, Bombali virus; EBOV, Ebola virus; HUJV, 
Huangjiao virus; LLOV, Lloviu virus; MARV, Marburg virus; MLAV, Méngla™ 
virus; ORF, open reading frame; RAVV, Ravn virus; RESTV, Reston virus; 
SUDV, Sudan virus; TAFV, Tai Forest virus; XILV, Xila‘ng virus. (Adapted and 
expanded from Kuhn JH, Amarasinghe GK, Basler CF, et al. ICTV virus 
taxonomy profile: Filoviridae. J Gen Virol 2019;100:911—912. Figure courtesy of 
Jiro Wada, IRF-Frederick, Fort Detrick, MD, USA.) 


Complete genome information has only been obtained for five ebolaviruses (BDBV, 
BOMV, EBOV, RESTV, and SUDV) and one marburgvirus (MARV). The 3’ ends of these 
genomes are not polyadenylated, and the 5’ ends are neither capped nor covalently linked to 
any protein. The 3’ leader and 5’ trailer sequences of the genomes are conserved (particularly 
within genera) and, in part, complementary. They contain cis-acting signals for mRNA 

Anite . . . . 79 148 222 396 624 768 
transcription and genome replication, including promoters. > » °° ° 

Mammalian filovirus (cuevavirus, dianlovirus, ebolavirus, and marburgvirus) genes are 

identifiable through their genus-/species-specific conserved gene start and 
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end/polyadenylation signals within relatively long noncoding regions. » » » » °» These 
regions may be separated from each other by intergenic regions or overlaps, which influence 
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transcription reinitiation and/or virus growth in manners that need to be better defined. 


Filovirus Genome Expression Products 


Filovirus genomes encode 6 to 10 proteins, some of which are further processed by 
proteolytic cleavage. Most of the main proteins are expressed from single genes, although 
cotranscriptional editing (cuevaviruses, ebolaviruses) and possibly bicistronic transcripts 


(cuevaviruses) are also used to access ORFs? The mammalian filovirus NP, VP35, 
VP40, VP30, VP24, and L genes encode nucleoprotein (NP), polymerase cofactor (VP35), 
matrix protein (VP40), transcriptional activator (VP30), RNA complex—associated protein 
(VP24), and large protein (L), respectively. Dianlovirus and marburgvirus GP genes encode 
only the glycoprotein (GP, 5) and a cleavage product thereof (shed glycoprotein [GP, 5,]), 


whereas cuevaviruses and ebolaviruses express six products from these genes: secreted 
glycoprotein (sGP), A-peptide, GP, 5, GP; 5,, SGP—GP3, and secondary secreted glycoprotein 


(ssGP). NP, VP35, VP40, GP; 5, and L are the functional analogs (and NP and L 


are also functional homologs») (Fig. 11.5) of core proteins encoded by all 


mononegaviruses (typically designated N, P, M, G, and L, respectively). > The 
expression products of piscine filoviruses (striaviruses and thamnoviruses) have yet to be 
characterized. However, these viruses encode some obvious homologs to proteins expressed 
by other filoviruses (striaviruses, NP, VP40, VP30, L; thamnoviruses, NP and L) (Fig. 11.5; 
Table 11.3). 


TABLE 11.3 Characterized mammalian filovirus proteins 


_ Nucleoprotein (NP) 


Polymerase cofactor 
- (VP35) 


F 
Matrix protein (VP40) 


Glycoprotein (GP; 2) 


Shed glycoprotein 
(GP 24) 


Secreted glycoprotein 
(sGP) 


Secondary secreted 
glycoprotein (ssGP) 


| A-peptide 


RNP complex and cellular inclusion body component. 
Homo-oligomerizes to form helical polymers 


¢ Binds to ssRNA, VP35, VP40, VP30, and VP24 
¢ Phosphorylated and, in ebolaviruses, also 


O-glycosylated and possibly sialylated 
Marburgviruses: contain a late-budding (PSAP) motif 


¢ RNP complex and cellular inclusion body component 
¢ Homo-oligomerizes and binds to dsRNA, NP, and L; 


phosphorylated 


¢ Absent from striaviruses and thamnoviruses 
¢ Interacts with DYNLL1 
¢ EBOV: ubiquitinylated by TRIM6 


Consists of two distinct functional domains that drive 
homo-oligomerization to form dimers, linear hexam- 
ers, and circular octamers. Dimers bind to cellular 
membranes; hexamers polymerize to matrix filaments; 
octamers bind ssRNA. Binds NP 

Dianloviruses and marburgviruses: contains PPXY 
late-budding motif that interacts with NEDD4 and 
TSG101 

Cuevaviruses and ebolaviruses: contains PPXY and 
P(T/S) AP late-budding motifs that interact with 
NEDD4 and TSG101; binds to a-tubulin and are 
ubiquitinylated 

Absent from thamnoviruses 

Trimeric type | transmembrane and class | fusion pro- 
tein consisting of disulfide-linked GP,—GP, heterodi- 
mers; heavily N- and O-glycosylated, phosphorylated, 
acylated. Sialylation extent different depending on 
the virus 

Absent from striaviruses and thamnoviruses 


Secreted GP; 2 trimer produced by ADAM17-mediated 


cleavage of membrane-bound GP, 2 
Absent from striaviruses and thamnoviruses 


Secreted disulfide-linked parallel homodimeric 
nonstructural protein that is C-mannosylated and 
N-glycosylated 

Not encoded by marburgviruses, dianloviruses, striavi- 
ruses, and thamnoviruses 


Secreted disulfide-linked homodimeric nonstructural 
protein that is N-glycosylated 

Not encoded by marburgviruses, dianloviruses, striavi- 
ruses, and thamnoviruses 


Secreted nonstructural protein that is O-glycosylated 
and sialylated. Assembles as a pentameric chloride- 
selective viroporin 

Not encoded by marburgviruses, dianloviruses, striavi- 
ruses, and thamnoviruses 


* RNP formation through encapsidation of filovirus 
genomic or antigenomic RNA 

¢ Genome replication and transcription 

¢ Marburgviruses: RNP transport and budding 

¢ Determinant in filovirus rodent adaptation 


¢ Polymerase cofactor in the filovirus polymerase 
holoenzyme (L+VP35) 

¢ Cuevaviruses: inhibits IRF3 phosphorylation, 
IFNA1/B1 production, and protein kinase R 
phosphorylation 

¢ Ebolaviruses: inhibits innate immune response 
by interfering with IRF3, IRF7, IFIH1, DDX58, and 
RNAi pathways; inhibits stress granule formation 

¢ Marburgviruses: inhibits innate immune response 
by interfering with IRF3, IRF7, and DDX58 path- 
ways and inhibits EIF2AK2 activity 

¢ Ebolaviruses: RNA silencing suppressor; prevents 
stress granule formation 


¢ Matrix component 

¢ Negative regulator of genome transcription and 
replication 

¢ Regulator of virion morphogenesis and egress 

¢ Ebolaviruses: RNAi silencing suppressor 

¢ Marburgviruses: inhibits JAK1/TYK2 STAT 
pathway 


* Virion adsorption to filovirus-susceptible cells via 
cellular attachment factors; induction of virus—cell 
membrane fusion subsequent to endolysosomal 
binding to NPC1 

¢ Determines filovirus cell and tissue tropism 

¢ Inhibits intrinsic immune response by interfering 
with BST2 


Hypothesized to be an anti-GP;,, antibody decoy 


Hypothesized to be an anti-GP,, antibody decoy 


and an anti-inflammatory agent 


Unknown 


Hypothesized to suppress filovirus superinfection of 
infected host cells 


Transcriptional activator = © RNP complex and cellular inclusion body component —® Transcription initiation, reinitiaition, enhance- 


(VP30) © Homo-oligomerizes; Cys;-His zinc finger; binds ssRNA, ment, and antitermination 
NP, and L; phosphorylated * Cuevaviruses and ebolaviruses: GP gene editing 
e Absent from thamnoviruses regulator 


Ebolaviruses: RNAi silencing suppressor 


RNP complex-associated = RNP complex and cellular inclusion body component —* Negative regulator of genome transcription 


protein (VP24) ¢ Associates with membranes and replication; regulator of virion morphogen- 
¢ Absent from striaviruses and thamnoviruses esis and egress; determinant in filovirus rodent 
adaptation 


Cuevaviruses: inhibits tyrosine phosphorylated 
STAT1 binding to KPNAS, STAT1 nuclear accu- 
mulation, and IFN-induced gene expression 
Ebolaviruses: inhibits phosphorylation of 
MAPK14 and prevent karyopherin shuttling from 
the cytoplasm into the nucleus; inhibits host cell 
signaling downstream of IFNA1/B1/G 
Marburgviruses: targets KEAP1 to activate 
NFE2L2-induced cytoprotective responses 


Large protein (L) © RNP complex and cellular inclusion body component ® Genome replication via antigenomic 
and catalytic center of the filovirus polymerase holo- intermediates 
enzyme (VP35+L) ¢ mRNA synthesis, capping, methylation, and 


Binds to filovirus genomic and antigenomic RNA and polyadenylation 

recognizes specific promoters and gene start and end ¢ Determinant in filovirus rodent adaptation 

signals Cuevaviruses and ebolaviruses; cotranscriptional 
Binds directly to VP35 and VP30 editing of GP mRNAs 

ADAM metallopeptidase domain 17 (ADAM17, formerly TACE); DDX58, DExD/H-box helicase 58 (formerly RIG-D); 
IFIH1, interferon induced with helicase C domain 1 (formerly MDA5); IFN, interferon; IRF, interferon regulatory factor; 
KEAP1, Kelch-like ECH-associated protein 1; MAPK, mitogen-activated protein kinase; NPC1, NPC intracellular 
cholesterol transporter 1; RNAi, RNA interference; RNP, ribonucleoprotein; STAT1, signal transducer and activator of 
transcription 1. 


Filovirus Ribonucleoprotein Complex Components 


NP, VP35, VP30, VP24, L, and the viral genome form the mammalian filovirus RNP 


complex, which is embedded in the virion matrix composed of VP40 surrounded by the 
sot 38 60 63 401 534 709 802 
envelope containing GP, peplomers* > > > ° 


may be polyploid, containing up to 22 individual RNPs. Extremely long particles, typically 


(Fig. 11.6). Mammalian filovirions 


seen in tissue culture, are likely highly polyploid. The RNPs of piscine filoviruses remain to 
be defined. 


NP 


VP40 GPi.2 Phosphatidylserine VP30— VP24 VP35 L 
| i 


FIGURE 11.6 Mammalian filovirion structure. A: Artist rendering of an 
idealized filamentous EBOV particle. A ribonucleoprotein (RNP) complex, 
consists of the filovirus genome bound to helically polymerized nucleoprotein 
(NP) monomers in association with VP35, VP30, VP24, and L. The complex is 
embedded in the virion matrix composed of VP40 polymers surrounded by a 
cellular membrane—derived envelope containing GP; peplomers, sGP—GP», 


and, among other components, phosphatidylserine. B: Reconstruction of the 
EBOV RNP (left, top, viewed along the helical axis; bottom, side view) and 
MARV (middle, top, viewed along the helical axis; bottom, side view) from 


jn BO yd ; ; 
cryoelectron tomography and subtomogram averaging. Right: Artist rendering 
of RNP in combination with matrix and envelope using the same color scheme as 
in (A). (Figure courtesy of Jiro Wada, IRF-Frederick, Fort Detrick, MD, USA.) 


(Cartoon inspired by Hoenen T, Brandt J, Cai Y, et al. Reverse genetics of 


filoviruses. Curr Top Microbiol Immunol 2017;411:421—445, Ref.) 


Nucleoprotein 


Ebolavirus and marburgvirus NPs are phosphorylated or dephosphorylated by cellular 


kinases and phosphatases at C-terminal threonine and serine residues at various stages of the 


. , . 58 198 465 : : : . 
filovirus life cycle. » » Partially phosphorylated NP monomers associate via their two- 


lobed N-terminal domains (NTDs) to form long, left-handed helical polymers that 


. P . 7 58 63 68 69 400 498 558 560 706 7 

encapsidate filovirus genomes or antigenomes > °°» °° » » (Fig. 11.7). These 
complexes serve as the templates for transcription and replication performed by L and VP35 
and also for underlying structures of an array of morphologically distinct inclusion bodies. 


These inclusion bodies take the shape of lamellae, threads, or sponges (likely representing 
269 339 408 787 872 


different RNP maturation forms) in the cytoplasm of filovirus-infected cells. NP, 
via its NTD, binds directly to viral single-stranded (ss) RNA, VP35, and VP30, > all of 
which also interact directly with L and are recruited into inclusion bodies.» The EBOV 


NP NTD recruits PP2A-B56 phosphatase through an LxxIxE motif. This interaction 
dephosphorylates VP30, thereby triggering its transcriptional activation function. The NP 
NTD also binds directly to VP24" and to VP40, which forms a matrix around RNPs. 
Marburgvirus, but not ebolavirus, NP C-terminal domain (CTD) contains a late-budding 
(PSAP) motif that likely regulates RNP transport and particle budding. In ebolaviruses, such 


a motif (PTAP) is located in VP40. The function of the ebolavirus NP CTD, which is 
tethered to the NTD through an unstructured sequence, is currently unclear. 


FIGURE 11.7 RNP structural components. Multifunctional states of EBOV 
nucleoprotein (NP). 


A-D:Cryoelectron microscopy reconstruction of EBOV nucleocapsid-like and nucleocapsid 
cores containing (A) NP residues 25-457 (Protein Data Bank [PDB] 6C54), - (B) NP 


residues 1-450 (PDB 5Z9W), (C) NP residues 1-450 (PDB 6EHL. ), and (D) full-length 
NP (residues 1-739) from virions (PDB 6EHM). 

E-H: X-ray crystal structures of EBOV NP. (E) N-terminal domain alone (green; PDB 
4Z9P), (F) N-terminal domain (green) in complex with ssRNA (gray; PDB 5Z9W), (G) N- 
terminal domain (green) in complex with EBOV VP35 NP-binding peptide (NPBP; blue; 


PDB 4YPI), and (H) C-terminal domain (green; PDB 4QAZ). 


Polymerase Cofactor (VP35) 


VP35 consists of two distinct domains. The VP35 N-terminal oligomerization domain 
mediates VP35 homo-oligomerization and, thereby, filoviral replication and RNP complex 
formation. Binding of this domain via an SQTQT motif to host dynein light chain LC8-type 1 
(DYNLL1) stabilizes the domain and increases viral RNA synthesis. The VP35 C-terminal 


interferon inhibitory domain (IID) binds double-stranded (ds) RNA at a distinct central basic 
patch. The region between the N-terminal and the C-terminal regions is likely unstructured in 
the absence of binding partners. VP35 IID’s N-terminal NP-binding peptide (NPBP) binds to 
the NP  NTD, and phosphorylation oof IID may — regulate this 


. . 49 111 311 421 451 453 454 467 528 860 .__, ; ee 
interaction’ » » *» *» ° *» »* » (Fig. 11.8). Interleukin enhancer-binding factor 3 (ILF3) 


binds to VP35 ID and, thereby, inhibits filovirus VP35—NP interaction and 
transcription/replication. Ubiquitinylation of IID, promoted by host cell TRIM6, promotes 
EBOV replication.” A recent study has revealed that EBOV VP35 can hydrolyze all types of 


NTPs and unwind RNA helices in 5'—3' direction in an ATP-dependent manner. In 


addition, filovirus VP35 is an immunomodulator that antagonizes infected host cell antiviral 
eed 49 50 111 124 194 218 226 342 606 669 
responses viaits IID. °° > > > °° > » 


FIGURE 11.8 RNP structural components. A: EBOV polymerase cofactor 
(VP35) contains an N-terminal oligomerization domain (blue, top; PDB 6GBO) 


and a C-terminal interferon inhibitory domain (IID; PDB 3FKE; blue, bottom 


left), which binds to dsRNA (gray, bottom right; PDB 4GHL). B: EBOV 


transcriptional activator (VP30) has a C-terminal domain (purple, left; PDB 


218B) that binds to NP’s PPXPXY motif (right; PDB 5VAO).. C: EBOV RNP 
complex—associated protein (VP24) adopts a pyramid-like structure (orange) that 
is important for binding to a subset of importin molecules that transport STAT1 


into the nucleus (PDB 4U2X).” D: Prediction structural model of EBOV large 
protein (L). Monomers resemble right hands with fingers (chartreuse), palms 
(green), and thumbs (rust) structural domains. (D from Jacome R, Becerra A, 
Ponce de Leon S, et al. Structural analysis of monomeric RNA-dependent 
polymerases: evolutionary and _ therapeutic implications. PLoS One 
2015;10(9):e0139001.) 


Transcriptional Activator (VP30) 


Ebolavirus VP30 is a Cys,—His zinc finger that acts as a transcriptional activator and 
regulator of ebolavirus RNA synthesis. VP30 facilitates L to read through an RNA hairpin in 
the 5’-untranslated region (UTR) In addition, ebolavirus VP30 is speculated to 
promote L transcription reinitiation during the sequential transcription of all ebolavirus 


482 a ox ae ee ; 
genes and to regulate cotranscriptional GP gene editing. VP30’s activity is regulated via 


phosphorylation (resulting in transcriptional repression) and  dephosphorylation 
Ceara . ‘ : 72 419 525 526 730 
(transcriptional activation) by cellular kinases and phosphatases > » > » 


369 524 
Zn2*. > 


for NP binding. > In addition, ebolavirus VP30 antagonizes the cellular RNA interference 


(RNAi) pathway. | The VP30 CTD binds a PPXPXY motif located in the NP CTD (Fig. 
11.8B). The cellular ubiquitin ligase RB binding protein 6 (RBBP6) mimics ebolavirus NP 
and binds to ebolavirus VP30 using a similar motif, thereby down-regulating ebolavirus 


and by 
VP30 oligomerization is required for activation of ebolavirus transcription but not 


— . Bh 
transcription and replication. 


The role of marburgvirus (and likely dianlovirus) VP30 is not as clear as that of 
ebolavirus VP30. Although marburgvirus VP30 is structurally very similar to ebolavirus 
VP30, Marburgvirus VP30 enhances transcription only minimally but is essential for the 


marburgvirus life cycle. Akin to ebolavirus VP30, marburgvirus VP30 phosphorylation 
3 a 10 207 399 531 730 803 
regulates its activity. > » °° ° 


RNP Complex—Associated Protein (VP24) 


VP24, which adopts single-domain a/fB-structure with the overall shape resembling a 


pyramid > (Fig. 11.8C), is a RNP assembly factor. VP24 acts through a direct interaction 
with NP, thereby condensing RNP complexes. This interaction inhibits transcription and 


replication and facilitates RNP transport to budding sites and packaging into 
a 38 330 561 719 790 791 Bess F . . 
virions. > > ° ’ ° In addition, cuevavirus and ebolavirus VP24s counter the innate host 


cell antiviral response by binding to nuclear transporter karyopherins (KPNA1, 5, and 6) that 


transport STAT proteins to the nucleus to activate interferon-stimulated gene 


A 193 374 495 578 626 627 671 834 
expression. *~ * *% *% * ? ° 


Large Protein (L) 


Filovirus L is the catalytic part of the filovirus polymerase holoenzymes 


(VP35+L). Filovirus Ls contain six highly conserved regions (CRs) mediating 
nucleotide triphosphate binding (CRI), RNA _ template recognition (CRII), RNA 
polymerization (CRIII), polyadenylation (CRIN), mRNA _ capping/polyribonucleotidyl 
transfer (CRIV and CRV), and methylation (CRVI). These regions are organized in four 
distinct domains: (a) RdRp and polyribonucleotidyltransferase (PRNTase), (b) a connector 
domain, (c) methyltransferase (MTase), and (d) a CTD. Structurally, all mononegavirus 
RdRps resemble right hands with clearly discernible finger, palm, and thumb structural 
domains. Since efforts to obtain structural information on filovirus L have not been 


successful thus far, structural considerations currently rely on computational 


, 227 360 457 458 479 532 658 745 : : 7 : 
modeling » » » » » » » (Fig. 11.8D). Analogous to other mononegaviruses, filoviral 


genomes and antigenomes likely possess a single L entry site (promoter) at the 3’ ends of the 
encapsidated genomes and antigenomes, respectively. After binding to the promoter region, L 
either replicates the genome or antigenomes over their entire lengths (replication) or scans 
the genome (but not the antigenome) for gene start and gene end signals to transcribe the 


individual genes (transcription). Transcription includes viral mRNA G capping, N 
methylation of the G cap and 2’-O-methylation (capI structure), cap-independent 
methylation, and polyadenylation. Cuevavirus and ebolavirus polymerases additionally 


479 652 765 ; 7 
>» — Adaptation of MARV to domesticated 
; eer , ; . 2, 404 
guinea pigs results in mutations in the L sequence, thereby up-regulating L’s activity. 


Matrix Protein (VP40) 


Mammalian filovirus VP40 is a multifunctional protein that can assume multiple structural 


81 618 789 ‘ Fi ei . 
states. » » The basis for these structural states is the VP40 protomer, which consists of a 


distinct NTD and a distinct CTD (Fig. 11.9A). Within the protomer, the position of NTD 
and CTD relative to each other» ’ drives at least three types of VP40 polymerization. 


One type is a symmetric NTD—NTD VP40 dimer in which the CTDs are tightly bound to the 


mediate cotranscriptional mRNA editing. 


NTDs, resulting in a structure resembling a butterfly > (Fig. 11.9B). Butterfly dimers 
traffic through the cell and ultimately localize at cell membranes. Through VP40’s ability to 
directly bind to NP-~ and = VP35, VP40_ recruits RNPs_ to _ cell 
membranes.° >??? The second type of VP40 polymerization 
originates in CTD interaction with membrane phosphatidylserine, resulting in VP40 


hexamerization with hexamers consisting of three linearly arranged VP40 dimers that are 


structurally distinct from butterfly dimers-> (Fig. 11.9C). CTD—-CTD interactions at 


ends of hexamers then polymerize the hexamers, resulting in virion matrix filaments that 
Z Fi 35 81 584 Z sa ‘ 45 168 312 363 581 641 672 700 

cylindrically engulf RNPs’» » (Fig. 11.9D) and facilitate budding.’» » » » °° > 

Finally, VP40 can form octameric rings via NID-NTD interactions used for hexamerization 


and additional, distinct NTD-—NTD interfaces not available in either butterfly or hexamer 
dimers? (Fig. 11.9E). The VP40 octamer is a nonstructural protein that does not 
localize to cell membranes but instead binds RNA in its lumen, thereby likely negatively 


< P ‘ ets 81 286 328 330 333 581 734 
regulating filovirus transcription. » » » °° ° 


FIGURE 11.9 Structure of EBOV matrix protein (VP40). A: VP40 protomer 
showing the characteristic N-terminal domain (NTD, blue) and C-terminal 
domain (CTD, orange). B: Butterfly dimer consisting of two VP40 monomers 


that interact via their NTDs with sprung CTDs. 


C: Hexamer. D: Octamer. E: Model of the cylindrical VP40 matrix showing four VP40 
hexamers side by side superimposed on 2D averages of virion tomograms. (From Pavadai E, 
Gerstman BS, Chapagain PP. Pavadai E, Gerstman BS, Chapagain PP. A cylindrical 
assembly model and dynamics of the Ebola virus VP40 structural matrix. Sci Rep 
2018;8(1):9776. Figure arrangement courtesy of Jiro Wada, IRF-Frederick, Fort Detrick, 
MD, USA.) 


The N-terminus of VP40 contains late-budding motifs that are important for budding. 
Filoviruses differ in type and number of these motifs. For instance, ebolavirus VP40s have 
overlapping P(T/S)AP and PPXY motifs, whereas marburgvirus VP40s only contain PPXY 


: 313 459 704 _, . : ‘ 7 : 
motifs. » ° Finally, marburgvirus and likely dianlovirus, but not ebolavirus VP40 counter 


‘ ae 568 757 758 
the cellular innate antiviral response. ° ° 


Filovirus GP Gene Expression Products 


The cuevavirus and ebolavirus GP genes contain three ORFs located in the three possible 
reading frames (Fig. 11.10). The 0 frame is preceded by a Kozak sequence and contains a 
stretch of seven consecutive uridine residues (7U editing site) within a predicted hairpin loop. 
Transcription of this ORF by the filovirus polymerase (L+VP35) and subsequent translation 
yield a nonstructural protein precursor (pre-sGP). The two other ORFs begin in the —1 and +1 
reading frames at the 7U editing site, respectively. Cotranscriptional polymerase stuttering 
(editing) at the 7U site results in mRNA transcripts that contain more or less than the 


expected seven cognate adenosine residues, thereby transcribing the -1 and +1 
550 652 674 765 771 
ORFs. »> > > ° 
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FIGURE 11.10 EBOV GP gene expression. The GP of most wild-type (“7U”) 
EBOV isolates contains a single open reading frame (ORF) preceded by a proper 
Kozak sequence (blue arrow, emphasized middle GP gene, top) and a 7U editing 
site (vertical black bar). Transcription of this ORF, regulated by VP30, results in 
a capped and polyadenylated 7A mRNA, which is translated into pre-sGP (left 
pathway). Pre-sGP’s signal peptide (SP) is removed by a signalase, and the 
protein is further proteolytically processed by furin into secreted sGP and A- 
peptide. At top middle of figure: cotranscriptional MRNA editing by the EBOV 
polymerase holoenzyme (L+VP35) under VP30 regulation leads to frameshifts, 
thereby accessing novel ORFs (orange and red arrows, emphasized middle GP 
gene, top). Addition of a single nontemplated A results in mRNAs that are 


translated into preGP, which is further processed by a signalase (SP removal) and 
furin to the EBOV GP; > peplomer, which can be shed from membranes after 


ADAM metallopeptidase domain 17 (ADAM17, formerly TACE) cleavage 
(middle pathway). Disulfide bond switching between the sGP homodimer and the 
GP} 9 heterodimer can connect sGP monomers to GP monomers to form virion- 


structural sGP—GP> heterodimers. Addition of two nontemplated As results in 


mRNAs that are translated into pre-ssGP, which is further processed by a 
signalase and matures to secreted ssGP (right pathway). Genome editing can 
result in alternative GP editing sites (top, deemphasized left and right GP genes). 
Cotranscriptional mRNA editing results in the same expression products but with 
altered expression frequencies. (Figure courtesy of Jiro Wada, IRF-Frederick, 
Fort Detrick, MD, USA.) 


Expression of these mRNAs, therefore, yields two distinct proteins, the major 
glycoprotein (GP, 5) precursor (preGP; —1 frame editing) and the secondary secreted 


glycoprotein precursor (pre-ssGP; +1 frame editing). The N-termini of the three GP gene- 
encoded proteins are identical (i.e., the amino acid residues encoded in the 0 reading frame 
up to the editing site; EBOV: 295 N-terminal amino acid residues), but the proteins differ in 


their C-termini.” Because multiple adenosine residues can be inserted or skipped during 
cotranscriptional editing, all three proteins are expressed in various isoforms. For instance, 
insertion of three adenosine residues into the nascent MRNA still yields pre-sGP because the 
0 frame is maintained, but this sGP now contains one additional amino acid residue 


. 14 674 eee be . : : 
compared to unedited mRNA. »  Cotranscriptional editing is regulated by cis-acting 
sequences located nine nucleotides upstream and downstream of the editing site in synergy 


with VP30 as a transacting factor. The expression ratio of pre-sGP:preGP:pre-ssGP is 
roughly 61% to 72%:19% to 28%:1% to 5% depending on cell type and virus in the 7U 
Chie 

Cell culture passaging or animal inoculation of ebolaviruses can result in uridine 


additions or deletions in the GP editing site within the genome, thereby shifting the pre- 


sGP:preGP:pre-ssGP expression ratio at the genomic level.” For instance, passaging of 7U 
EBOV or 7U SUDV in Vero E6 cells results in the selection of 8U viruses. However, 
injection of a domesticated guinea pig—adapted 8U EBOV into domesticated guinea pigs or 
crab-eating macaques results in evolution of predominantly 7U EBOV. Likewise, injection of 


9U SUDV into crab-eating macaques results in partial reversion to 7U SUDV. On the other 
hand, injected 7U SUDV does not convert to 8U SUDV. > The significance of these 
selections remains to be clarified. Differences in disease progression were not observed in 


domesticated guinea pigs or crab-eating macaques injected with either 7U or 8U EBOV > 


or in crab-eating macaques injected with either 7U or 8U SUDV at high inoculation doses.” 
However, at extremely low inoculation doses (0.01 plaque-forming units [PFU]), both 8U 


EBOV and 8U SUDV can be less lethal to crab-eating macaques than 7U control viruses.» 


Dianlovirus and marburgvirus GP genes contain single ORFs without editing sites. The 
7 F 807 841 
only deduced or known expression product from these genes is preGP.  ° 


Secreted Glycoprotein 


Cuevavirus and ebolavirus pre-sGP is synthetized into the endoplasmic reticulum (ER). 
Proteolytic cleavage of pre-sGP by furin-like endoproteases at a conserved C-terminal R-X- 
R-R! motif and further maturation in the ER yield mature sGP and A-peptide. sGP is a 
nonstructural protein that is C-mannosylated at a conserved W-X-X-W motif, N- 


glycosylated, and is secreted through the Golgi apparatus in high amounts by infected cells as 


a disulfide-linked parallel homodimer.” In EBOD patients, this secretion leads 


to high sGP concentrations in the blood. Because sGP, GP, 5, and ssGP have identical N- 
terminal amino acid sequences (including one of the two cysteine residues responsible for 
sGP homodimerization), each sGP monomer contains the residues that correspond to the GP, 
head, glycan cap, and base (see below). Therefore, this monomer is partially cross-reactive 
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with several anti-GP, antibodies. The observed serologic cross-reactivity 


with anti-GP,, antibodies suggests an antibody decoy function for circulating sGP in 
. . 354 527 : : ; ; 

infected animals. » However, the function of sGP is still unknown. In vitro, sGP restores 
the endothelial barrier destroyed by exposure to Ebola virion—like particles and tumor 


; - 774 
necrosis factor (TNF), suggesting an anti-inflammatory role of sGP. However, recombinant 
domesticated guinea pig—adapted EBOV engineered not to produce sGP is not attenuated in 


, ; ‘ , 331 ; 
infected domesticated guinea pigs compared to wild-type EBOV, and marburgviruses are 
as virulent as ebolaviruses without producing sGP. 


A-peptide 
A-peptide, the C-terminal cleavage product of cuevavirus and ebolavirus pre-sGP, is an O- 
glycosylated and sialylated peptide of ~40 amino acid residues that is secreted from infected 


cells.” Exogenous BDBV, EBOV, SUDV, and TAFV (but not LLOV or RESTV) A-peptides 
inhibit EBOV and MARV replication in cell culture, suggesting that these peptides may 
control filovirus superinfection of host cells.” Recent studies indicate that A-peptide is a 


A 7 7 . F . 317 601 
chloride-selective viroporin that forms pentameric pores in host cell plasma membranes. ° 


The actual function of the peptide during in vivo infection remains to be determined. 


Glycoprotein (GP ) 


Mammalian filovirus preGP contains a signal peptide at the N-terminus that targets the 


protein into the ER and a C-terminal type I transmembrane domain that tethers the protein to 
the ER membrane. In the ER, the protein acquires oligomannosidic N-glycans. After 
translocation to the Golgi, hybrid and complex N-glycan modifications are finalized, and the 
protein becomes O-glycosylated. Ebolavirus preGPs are typically also highly sialylated, 
whereas sialylation is weaker or absent in marburgvirus preGPs, dependent on cell type. The 
overall glycan content constitutes at least one-third of the molecular mass of the preGP. The 


majority of glycosylations occurs in a highly variable, so-called mucin-like subdomain at the 
59 139 223.225 278 629 767 769 : . . : . 
center of preGP. > » » » » » » Glycosylated preGP dimerizes via a disulfide bond and 


is then cleaved in the trans-Golgi apparatus by furin-like endoproteases at a conserved R-X- 
R-R! motif into GP; and GP, subunits. The role of this highly conserved cleavage event is 


unclear, as recombinant EBOV engineered to forgo preGP cleavage is fully functional and 
equally virulent in rhesus monkeys (Primates: Cercopithecidae: Macaca _ mulatta 


Zimmermann, 1780) as wild-type control virus.” These subunits remain attached to each 
other through a disulfide bond (GP, 5 heterodimer). Prior to transport to the cell membrane, 


which is independent from any other filovirus proteins, these heterodimers trimerize to form 
es Se : mod 546 653 767 769 820 
the mature GP, 5 peplomer that is incorporated into virions. » » ° » 


GP, is the virion surface-exposed GP, 5 moiety that mediates cell-surface attachment via 


aoe - ‘ 7 : 34 171 365 431 445 476 477 E : 
a distinct filovirus receptor-binding site. > » °» » »° »° GP, is structured into base, head, 


glycan cap, and mucin-like subdomains (Fig. 11.11A). The receptor-binding site is situated in 
the head of each GP, monomer in the trimer, but the sites are masked by the glycan caps 


consisting of N-glycans. The mucin-like subdomains are located upward and outward from 


ci 5 7 63 314 742 3 : 
these caps and shield GP,, from host antibodies.» » Marburgvirus GP, is 


: a Aa 7 7 654 
phosphorylated, but the role of this posttranslational modification is unclear. 


mucin-like 
subdomain 


FIGURE 11.11 Glycoprotein (GP 9) structure. 


A: Side view of the mature prefusion EBOV GP, 5 peplomer consisting of three GP, (red)- 
GP, (pink) heterodimers (“chalice”-like structure with the three GP,s pointing toward the 


envelope and the three mucin-like subdomains decorating the bowl; PDB 5JQ3). Low pH and 
cathepsin cleavage lead to glycan cap and mucin-like subdomain removal, insertion of the 
fusion peptide into the cellular target membrane, membrane—envelope fusion, and a 
characteristic “six-helix bundle” GP, 5 postfusion structure (inset box; PDB 2EBO). 


B: Prefusion EBOV GP, 5 in complex with EBOV-neutralizing mAb KZ52’s antigen-binding 
fragment (Fab light chain, light brown; heavy chain, dark brown), which binds at the GP,— 
GP, interface (PDB 1CSY). 


GP, is a typical class I fusion protein containing helical heptad-repeat regions that flank a 


CX,CC motif, a conserved fusion loop defined by a disulfide bridge between two cysteine 


: : Par 103 250 251 445 
residues and the transmembrane domain that tethers GP, 5 to the virion membrane. » > > 


Similar to retrovirus transmembrane proteins, filovirus GP, also contains a_ short 


. ; . p 103 838 is 
immunosuppressive motif. » In addition, GP»s are acylated at their cytoplasmic 


domains. GP, drives fusion of the viral envelope with host cell membranes through GP, 5 
conformational changes induced by GP, receptor binding. 


Virion GP, 5 trimers assume the shape of a chalice, with the three GP, subunits angling 
outward but bound together at their bases where they connect to the stalk-like GP, trimer 


(Fig. 11.11A). The GP, fusion loops wrap around the outside of the GP, trimer into the 
34 171 445 


neighboring GP,s. 


Filovirion antigenicity is primarily determined by GP, 5. Cuevavirions, ebolavirions, and 


marburgvirions are antigenically distinct, and individual species members can be 
differentiated with certain anti-GP,, antibodies. Monoclonal antibodies that neutralize 


filovirus infection in vitro do not necessarily protect experimentally infected animals in vivo. 


Vice versa, nonneutralizing antibodies have been described that play important parts in 
7 5 91 171 234 235 246 314 398 445 490 493 516 655 656 794 804 _., . a 
disease protection. > » > °°» * » » *» » » » » »  Filovirus-neutralizing monoclonal 


antibodies, such as EBOV-specific KZ52, EBOV-specific 2G4, EBOV-specific 4G7, and 
EBOV-specific mAb114 and SUDV-specific 16F6, often bind to a GP,;—GP, epitope at the 


base of the GP, 5 trimer, thereby mechanically preventing the GP, , conformational changes 
. - 171 445 520 538 579 741 
required for fusion » °» °° » 


82 236 248 389 . : ‘ 
the GP, stalk > » »  orthe mucin-like subdomain. 


(Fig. 11.11B). Other antibodies target the fusion loop or 
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Shed Glycoprotein (GP 2,) 


Luminal proteolytic cleavage of EBOV and MARV GP, near the GP,’s transmembrane 
anchor by ADAM metallopeptidase domain 17 (ADAM17, formerly TACE) produces a 
soluble, trimeric GP, 5 variant (GP, » hi ADAM17 expression is up-regulated at days 4 to 6 
postexposure in EBOV-infected crab-eating macaques, and GP; 5, can be detected at high 


concentrations at that time. In vitro, GPj5, activates noninfected dendritic cells and 
macrophages to secrete pro- and anti-inflammatory cytokines (TNF, CXCL8, interleukin [IL] 
1B, IL1R1, IL6, IL10, IL12B) that increase endothelial cell permeability. Because the 
structure of GP; 5, is highly similar to that of GP; 5, GP; 5, could also serve as an antibody 
decoy in the circulation. 


sGP-—GP 2 


Under yet-to-be-defined conditions, sGP monomers can connect to GP, monomers via a 
disulfide bridge between cysteine residues most often used for sGP dimerization and the 
GP,—GP, connection. The resulting sGP—GP, heterodimer is anchored to the ER and, later, to 
the plasma membrane via the GP, transmembrane domain and may become incorporated into 
the envelope of budding virions. Due to the significant sequence similarity between sGP and 


GP,, sGP—GP, could function as an anti-GP, 5 antibody decoy directly on the virion, thereby 


: stk 160 355 
protecting GP, 5 peplomers from host recognition. » 


Secondary Secreted Glycoprotein 


Pre-ssGP is produced at low frequency by cuevaviruses and ebolaviruses via 


a _ 11 506 674 : : : 
cotranscriptional editing from the GP gene. » » During maturation in the ER, pre-ssGP 


becomes N-glycosylated and is subsequently secreted from infected cells as a disulfide- 
linked homodimer (mature sGP). The function of the protein is unclear, but similarly to sGP 


and sGP-—GP,, ssGP could be an antibody decoy.» 


STAGES OF REPLICATION 


The filovirus life cycle can be divided’ into’ virion attachment/entry, 
replication/transcription/translation, and assembly/budding (Fig. 11.12). 
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FIGURE 11.12 Mammalian filovirus life cycle. Filovirion GP; peplomers 


and/or phosphatidylserine in the filovirion envelope mediates binding to host 
cell-surface attachment factor (orange), resulting in virion endocytosis 
(predominantly macropinocytosis). Low pH and cathepsin-mediated cleavage of 
GP; 9 in the late endosome lead to engagement of the filovirus receptor, NPC 


intracellular cholesterol transporter 1 (NPC1; light blue) and, thereby, fusion of 
the virion envelope with the endolysosomal membrane. ‘The virion 
ribonucleoprotein (RNP) core is released into the cytosol, where filovirus gene 
transcription and genome replication take place. Replication occurs by synthesis 
of encapsidated antigenomes that serve as templates for progeny genome 
synthesis. Following translation, mature progeny RNPs are transported to the 
GP; 9-containing plasma membrane of filopodia for matrix embedding and 


envelopment. Budding occurs at the plasma membrane via a VP40-mediated 
process. (Figure courtesy of Jiro Wada, IRF-Frederick, Fort Detrick, MD, USA.) 


Filovirion Cell-Surface Attachment and Host Cell Entry 


Mammalian filoviruses infect a wide variety of vertebrate cell types from a broad range of 


. 425 644 848 . : : : 
species. » ° ‘The cell types and host tropisms of all mammalian filoviruses are almost 


identical in vitro. However, some filovirus genus- or species-specific tropism differences 
220: 355 f ‘ é ‘ 7 “pes 

have been uncovered. »  Filovirus in vitro species and cell-type specificity are not 

necessarily predictive of in vivo tropism, as, thus far, only mammals of a few species have 

been infected successfully with mammalian filoviruses (Table 11.4). 


_ Artiodactyla 
Domestic pigs/wild boars (Sus scrofa 
domesticus Erxleben, 1777) 


F 
| Carnivora 


Domestic ferrets (Mustela putorius furo 


Linnaeus, 1758) 


_ Chiroptera 
Egyptian rousettes (Rousettus aegyptiacus 
_E. Geoffroy, 1810) 


Lagomorpha 
European rabbits (Oryctolagus cuniculus 
_ Linnaeus, 1758) 
Primates 
Common marmosets (Callithrix jacchus 
Linnaeus, 1758) 


Common squirrel monkeys (Saimiri sciureus 
Linnaeus, 1758) 


Crab-eating macaques (Macaca fascicularis 
Raffles, 1821) 


Grivets (Chlorocebus aethiops Linnaeus, 
1758) 


Hamadryas baboons (Papio hamadryas 
_ Linnaeus, 1758) 


Rhesus monkeys (Macaca mulatta 
Zimmermann, 1780) 


Rodentia 


"Domesticated guinea pigs (Cavia porcellus 
_ Linnaeus, 1758) 


Golden hamsters (Mesocricetus auratus 
Waterhouse, 1839) 


Laboratory mice (immunocompetent) 


Laboratory mice (immunodeficient) 
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EBOV, RESTV 


BDBV, EBOV, RESTV, SUDV 


MARV, RAVV 
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MARY, RAVV 


Domesticated guinea pig-adapted EBOV 


EBOV, MARV 


MARV 
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EBOV, MARV 


_ EBOV, SUDV, MARV, RAVV 


Domesticated guinea pig-adapted EBOV, 
SUDV, MARV, and RAVV 


RESTV 


Laboratory mouse-adapted EBOV, 
domesticated guinea pig- and golden 
hamster-adapted MARV 


RESTV 


Laboratory mouse-adapted EBOV, MARV, 
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—TAFV 
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Filovirion attachment to host cells is mediated, likely at neutral pH, by the GP,» 


476 477 717 819 ‘ os 
peplomer » > ° or by filovirion outer leaflet envelope components such as 


phosphatidylserine. The glycans on GP, 5 bind directly to a broad range of C-type lectins 


(CLECs), such as asialoglycoprotein receptor 1 (ASGR1), CD209 (formerly DC-SIGN), C- 
type lectin domain family 4 member M (CLEC4M, formerly DC-SIGNR), C-type lectin 
domain containing 10A (CLEC10A, formerly MGL), C-type lectin domain family 4 member 
G (CLEC4G, formerly LSECTin), and mannose-binding lectin 2 (MBL2). > 


490 492 685 716 754 ; as 7 syle . 
>» 9 + Filovirion attachment can also be mediated by hepatitis A virus cellular 


receptor 1 (HAVCR1, formerly TIM-1) and T-cell immunoglobulin and mucin domain 
containing 4 (TIMD4, formerly TIM-4), which bind phosphatidylserine at the outer leaflet of 


: eo 186 409 434 628 849 _ . 
the filovirion envelope. » ° ° ° In addition, other cell-surface factors, such TAM family 


receptor tyrosine kinases (i.e., AXL, MERTK, TYROS), facilitate filovirion attachment in an 
99 68 
unknown manner. ° 
Importantly, filovirion attachment factors are not bona fide virion receptors, because 


individual factors are not necessary or sufficient for filovirion entry. Instead, they appear to 
function in a complementary manner to adsorb virions at the target cell surface—if a 


’ ; . 496 853 ; ; 
particular factor is absent, another will take over this function. ° For instance, deletion of 
the GP,» mucin-like subdomain, and thereby deletion of most GP,5 glycans, does not 
diminish but rather increases EBOV GP, ,—mediated particle entry in vitro, indicating that 
factors such as HAVCRI1 could substitute for lectins. Likewise, absence of HAVCR1 (for 
instance, on primary filovirus targets such as macrophages) does not abrogate filovirion entry 
—possibly TIMD4 or other, yet-to-be-identified, attachment factors could take over. In 
addition, within-species HAVCR1 polymorphism influences host cell susceptibility to 
filovirus infection, suggesting that the temporal progression of filovirus infection from 
initial to late target cells may be influenced by multiple factors at the cell-attachment step. 


Subsequent to attachment, filoviruses enter host cells by endocytosis, generally, but 
13 70 345 536 543 646 648 


likely not exclusively, by macropinocytosis. ° In the low pH environment of 
i on ae F 123 284 287 483 490 519 656 663 

the endolysosome, the GP, subunit is cleaved by cathepsins Band L, » » » °° > > 
thereby releasing the mucin-like subdomains and glycan caps to expose the receptor-binding 
82 187 334 383 782 . , . os 
e.’> °°’ »° 1 integrins are thought to regulate these cathepsins, explaining why B1 

: . a ote : : P 7 664 718 
integrin—deficient cells are refractory to filovirus infection. » Once exposed, the GP, 
receptor-binding site engages the second luminal domain C of the universal mammalian 
filovirus receptor, the lysosomal NPC intracellular cholesterol transporter 1 
112 144 285 324 417 555 782 841 : . , : 434 

(NPC1), > » » » » » » which also interacts directly with HAVCR1. The GP,—NPC1 
interaction results in extensive conformational changes in the metastable prefusion GP, 5 
molecule. These changes involve unwinding GP. from GP, (and possibly release of GP,) and 
unwinding of GP.’s fusion loop containing a fusion peptide from the GP, trimer and 


penetrating the fusion loop into the endolysosomal membrane. While assuming a so-called 


six-helix bundle structure (Fig. 11.11A), GP, pulls the endolysosomal membrane into 


proximity of the filovirion envelope, thereby triggering membrane—membrane fusion and 
7 rar ‘ 405 445 473 799 800 
release of the filovirion RNP into the cytosol of the host cell. » » » » These last steps 


are controlled by host two pore segment channels 1 and 2 (TPCN1 and TPCN2), but their 


F , i : 647 
exact mechanism of action remains to be determined. 


Filovirus Genome Replication and Transcription 


Filovirus replication occurs exclusively in the cytosol and begins with mRNA transcription 
from incoming genomic RNPs. The filovirus replication promoter is bipartite, consisting of a 
first promoter element (PEI) located in the 3’ genomic leader region and a second promoter 
element (PEIT) located in the UTR of the NP gene, downstream of the NP gene start signal 
(Fig. 11.13A). The antigenomic promoter, likely also bipartite, is located at the 3’ end of the 
antigenome. Ebolavirus and marburgvirus promoters are similarly organized but differ in 


206 796 ; . 
length and secondary structure. » Importantly, in contrast to most other mononegavirus 
genomes that have complementary 3’ and 5’ terminal nucleotides, filovirus genome termini 


are heterogenous, and the terminal nucleotides are not completely complementary. The 3’ 
ends of ebolavirus genomes and antigenomes have a single nucleotide overhang compared to 
the complementary sequence at the 5’ ends. Ebolavirus genome replication begins with the 
polymerase initiating RNA opposite of a highly conserved 3'-CCUGU motif with the first C 
residue located at position 2 of the genome. In contrast, MARV genomes lack a 3’ overhang, 
and the conserved motif has the sequence 3'-UCUGU. The polymerase commences the 
synthesis of full-length antigenomes that are encapsidated by NP as the antigenome chain 


elongates. Using the antigenomic promoter, these antigenomic RNPs then serve as templates 

. . 164 531 534 . é 7 . 
for the synthesis of progeny genomic RNPs. °» ° Synthesized genomic and antigenomic 
RNPs accumulate in cytoplasmic perinuclear inclusion bodies, which are readily visible in 
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filovirus-infected cells. » > > 
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FIGURE 11.13 Mammalian filovirus genomic regulatory signals. A: 
Organization of the bipartite EBOV promoter, which consists of two promoter 
elements (PE1 and PE2) separated by a spacer containing the NP gene start 
signal (orange). PEII consists of an EBOV-characteristic 8x(UN)s sequence. The 


EBOV polymerase initiates RNA synthesis opposite of a highly conserved 3'- 
CCUGU motif (green) at position 2 of the genome. This motif is located within a 
putative hairpin structure. B: Examples for EBOV gene overlaps and intergenic 
regions. ORF, open reading frame; UTR, untranslated region. (Figure inspired by 
Mihlberger E. Filovirus. replication and _ transcription. Future _ Virol 


2007;2(2):205-215, Ref. and courtesy of Jiro Wada, IRF-Frederick, Fort 
Detrick, MD, USA.) 


The mechanism regulating the switch from transcription to replication is still unclear, but 
analagous to other mononegaviruses, the concentration of NP might play a role. Ebolavirus 
VP30 serves as a transcriptional activator and replication inhibitor in a phosphorylation- 
dependent manner. The transcription-activating function of VP30 depends on an RNA hairpin 


. ‘ : 72 419 525 526 730 
structure that is formed at the gene start signal of the first gene, the NP gene. > °» > ° 


Marburgvirus VP30 functions like ebolavirus VP30 but is a much less potent transcriptional 
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activator. ° Binding of a small stem-loop structure in the genomic trailer 


by heat shock protein family A (Hsp70) member 8 (HSPA8) is essential for replication. In 
addition, VP40 and VP24 are both involved in regulation of transcription and replication in 
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ways that remain to be defined, but in the case of VP24, it most likely involves 
. i 38 

nucleocapsid condensation. 


The typically monocistronic, cotranscriptionally capped and polyadenylated mRNAs are 
synthesized by the viral polymerase from the viral genome (Fig. 11.5) with polar attenuation. 
mRNAs produced from the utmost 3’ gene (typically NP) are synthesized in high abundance, 
whereas MRNAs produced from the utmost 5’ gene (L) are synthesized in the lowest 
concentrations. Each filovirus gene is flanked by filovirus species/genus-conserved gene start 
(*12-14 nt) and gene end (*11—12 nt) signals (frequently containing the sequence pentamer 
3'-UAAUU-S’; Fig. 11.13B). The gene-specific mRNA concentration gradient likely results 
because the polymerase complex enters the genome at the 3’ end and then moves along the 
template until it recognizes a gene end signal, which contains a short stretch of uridines. 
Here, the polymerase stutters, leading to the addition of a poly(A) tail to the nascent mRNA 
strand. Concomitantly, the polymerase occasionally falls off the template. Since only a single 


polymerase entry site is at the 3’ end of the genome, the more 5’-located genes are less likely 
¢ 79 293.531 533 534 
to be transcribed by the polymerase. > °° ° 


Filovirion Assembly and Budding 


Mammalian filovirion morphogenesis is regulated by NP, VP35, VP40, and VP24, which 
initiate and regulate RNP transport, RNP envelopment, and virion budding. Mature genomic 
progeny RNPs move from their perinuclear location to the plasma membrane or, in particular 


cell types, to the membranes of endosomal multivesicular bodies (MVBs) in an actin- 
69 180 406 407 546 665 719 é P 7 
dependent manner.’ » » ° ’ * RNP transport is mediated at least in part by late- 


budding motifs contained in VP40 of ebolaviruses or in NP and VP40 of marburgviruses. 
These motifs interact with cellular proteins that contain WW domains, such as components of 
the endosomal sorting complexes required for transport (ESCRT) and MVB trafficking 
pathways (e.g., programmed cell death 6 interacting protein [PDCD6IP; formerly Alix], itchy 
E3 ubiquitin protein ligase [ITCH], NEDD4 E3 ubiquitin protein ligase [NEDD4], tumor 
susceptibility 101 [TSG101], WW domain containing E3 ubiquitin protein ligase 1 


178 179 304_306 459 489 552 733 
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as vacuolar protein sorting 4 homolog A (VPS4A), RAB9A, and RAB11A. 


ESCRT-dependent filovirion budding at the plasma membrane occurs at VP40 layer— 


associated lipid rafts and/or filopodia, which also accumulate GP,» trimers in a tubulin- 
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dependent manner. > » * Consequently, budding filovirions not only contain part of the 


plasma membrane (including phosphatidylserine) but also the membrane-incorporated GP, 5 


and are dependent on numerous other proteins, such 
541 545 
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as progeny peplomers.’ °» ° ° Phosphatidylserine, the substrate for filovirion attachment 


factors such as HAVCR1, is flipped from the inner leaflet of the plasma membrane to the 
outer leaflet of the filovirion envelope by cellular scramblases (e.g., XK-related family 


[XKR], anoctamin 6 [ANO6]). 


PATHOGENESIS AND PATHOLOGY 


The understanding of FVD pathogenesis has been limited by the very low number of 
: . ‘ et 174 201 256 257 267 384 539 683 694 695 850 852 
autopsies that have been performed in affected individuals. >» » » » » >» » » >» > > 


This low number is explained by opposition to these procedures among particular FVD- 
affected populations, by a lack of appropriate facilities and staff that could perform these 
procedures in outbreak areas, and by biosafety risk assessments (exposure to even a very low 
filovirion numbers can result in lethal FVD). 


As a result, the current understanding of FVD pathogenesis (Fig. 11.14) is an amalgam 
gathered from experimental exposures of mammals belonging to different species using 
different filoviruses, filovirus variants, and variable exposure doses and inoculation routes 
(Table 11.4). In the past, animal models that achieved face validity (phenotypic similarity of 
the disease induced in an animal compared to that observed with human infections) were 
favored. Face validity was relatively easily achieved because little was known about FVD 
pathogenesis in humans. Consequently, any “gold-standard” animal model only needs to 
mimic a few salient characteristics of human FVD to be considered valid. Ethical, financial, 
logistical, and regulatory (e.g., Food and Drug Administration [FDA] Animal Efficacy Rule) 
arguments further influence the debate on which of these animal models ought to be used for 
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a particular experiment. 
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FIGURE 11.14 Overview of pathogenesis of filovirus disease (FVD) 


Following exposure to virions through skin lesions, contact with mucosal 
surfaces, or injection, filoviruses infect dermal dendritic cells and/or 
monocytes/macrophages and begin replicating. The infected cells transport virus 
via the lymphatics to regional lymph nodes (LNs). In the LN, the virus spreads to 
follicular dendritic cells, to monocyte/macrophage populations, and to resident 
fibroblastic reticular cells (FRCs) that create the three-dimensional network in 
LNs on which leukocytes compartmentalize and migrate. Filovirus VP35 
inhibition of DDX58 inhibits dendritic cell maturation, impairing antigen 
presentation to T cells and B cells. Infected mononuclear phagocytic cells release 
a variety of cytokines CXCL8, IL1B, IL6, TNF and express coagulation factor 
III, increasing vascular permeability and inducing a proinflammatory and 
procoagulable state. A dysregulated immune response leads to largely unimpeded 
viral replication. From lymph nodes near the exposure site, the virus spreads 
systemically, infecting resident macrophages throughout the body, including 
those in the lungs, spleen, and liver. Lymphocytolysis occurs by unknown 
mechanisms thought to be associated with cytokine dysregulation and paracrine 
signaling from infected fibroblastic reticular cells (FRCs), resulting in severe 
lymphopenia. Hepatocyte infection leads to widespread hepatocellular 
degeneration and necrosis with a concomitant decrease in the production 
hepatocyte-synthesized clotting factors and albumin. A _ consumptive 
coagulopathy or disseminated intravascular coagulation results in thrombosis, 
shock, and multiple organ dysfunction syndrome (MODS). Alternatively, in 
individuals that mount a successful immune response and survive infection, rare 
cases of sexual transmission have been reported. (Inspired by Schmidt KM, 
Mihlberger E. Marburg virus reverse genetics systems. Viruses 2016;8(6):178, 


Ref. and figure courtesy of Jiro Wada, IRF-Frederick, Fort Detrick, MD, 
USA.) 


Rodent models of FVD have the advantage of being less expensive than primates, but 
clinically evident infection in immunocompetent laboratory mice requires exposure to 
relatively high doses of species-adapted filoviruses. However, infection of rodents with 
serially passaged or adapted virus in most immunocompetent rodent FVD models still fails to 


reproduce hallmark features of FVD including cutaneous rashes, coagulopathies, and 


96 140 191 686 783 785 7 , 
lymphocyte death. > » » » » Nonetheless, because of the genetic homogeneity of rodent 


strains and small size, sufficiently powered, highly standardized experiments can be 
performed using rodents with reduced sampling error attributable to population variance. 
Similar studies would be difficult to replicate using a genetically diverse study population 


due to the sample sizes required. In addition, some strains of laboratory mice are very well 
characterized immunologically, making them advantageous for studies of the host immune 
response against filoviruses. The increasing ability to create novel laboratory mice (e.g., 


creation of knockout mice, collaborative cross mice, or humanized mice susceptible to wild- 
98 441 620 701 


type filoviruses) expands the spectrum of possible pathogenesis studies. ° , 

The domestic ferret (Mustela putorius furo Linnaeus, 1758) is a recently characterized 
and promising model of EBOD (but not MARD). Intramuscular or intranasal exposure of 
domestic ferrets to wild-type ebolaviruses results in a rapid onset of uniformly lethal clinical 
disease with the development of a cutaneous rash, lymphopenia, a consumptive 
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coagulopathy, and necrotizing lesions in both the liver and spleen. » » » » » » ‘These 
are all features seen in NHP FVD models. Whereas NHPs are sometimes considered to be the 


best available or “gold-standard” FVD models, studies using NHPs can typically be 
performed with only small numbers of animals at high financial cost. These restrictions make 
the verification of research findings or validation through reproducibility difficult. These 
issues are compounded by the challenges associated with working in maximum containment 
and ethical considerations, as NHP experimentation is controversial. 


Experimental infection of NHPs is typically achieved via parenteral injection or small 
particle aerosol exposure (i.e., exposure routes that do not mimic the direct person-to-person 


transmission route in naturally acquired infection). Injection or inhalation of large doses of 
virus leads to rapid, fulminating disease that is typically uniformly fatal 6 to 9 days later. The 


hallmark features of human FVD including cutaneous rashes, coagulopathies, and 
96 140 191 686 783 785 


lymphocyte death ° are consistently observed in NHP models following 
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intramuscular exposure to even low doses of wild-type virus. >» Whereas humans with FVD 


commonly develop massive gastrointestinal fluid losses, gastrointestinal signs are typically 
absent in the NHP models. Uniform mortality, or a lack of heterogeneity in disease severity, 
in the high-dose NHP FVD models is appropriate for stringent studies of vaccine protection 
or MCMs. However, with a uniform mortality model, questions of the natural correlates of 
protection leading to survival, subclinical infection, viral persistence and sexual transmission, 
or clinical sequelae seen in convalescent human survivors (including disease relapse) cannot 
be answered. Although perfect animal disease models do not exist, refinement of existing 
models based on the most current data may result in models with construct validity in the 
near future (i.e., animal models in which pathogenic processes are homologous to those in 
humans with FVD). 
The pathologic characterization of filoviruses in their natural reservoir hosts or accidental 
hosts other than humans has barely started and is thus far restricted to individual studies of 
. are . ‘ . 403 478 554 798 
EBOV and RESTV in subclinically infected domestic pigs, » ° ° 
examination of TAFV in a western chimpanzee, and the characterization of MARV and 
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RAVYV in subclinically infected Egyptian rousettes. > ° ° 


a histopathological 


Pathogenesis Following Filovirus Host Entry 


Human-to-human filovirus transmission occurs through direct contact via microabrasions, 
cuts, or scratches in the skin or mucous membranes. Fomite-to-human transmission can occur 
through contact with contaminated biological or nonbiological materials, accidental 


needlesticks, or contact with deceased FVD victims during preparation of bodies for 
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burial » °° °° > 


The filovirion GP, peplomer, the host cell-specific expression of GP,» attachment 


factors, and NPC1 are the major factors that determine filovirus in vivo cell and tissue 
tropism and the sequence in which susceptible cells and tissues become infected. At the 
exposure site, filoviruses target resident tissue (typically dermal or submucosal) dendritic 
cells and macrophages and begin replicating. These infected mononuclear cells migrate to the 
lymphatics and enter regional lymph nodes. Virus replication continues in dendritic cells, 
monocytes, and fibroblastic reticular cells within the regional lymph nodes. Then, both 
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mature virions and infected monocytes spread the virus systemically. » Filoviruses exhibit 
a wide tissue tropism, infecting resident tissue macrophages throughout the body; 
mesenchymal connective tissue cells, including those in lymphoid organs and the 


reproductive tract; and epithelial cells. The liver is a major target organ of 
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infection >» °» * *» * * * (Fig. 11.15). 
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FIGURE 11.15 Histopathology of experimental filovirus infection in rhesus 
monkeys. 

A: Hepatocellular degeneration and necrosis in the liver 8 days after EBOV exposure 
(magnification bar 200 pm). 


B: Insert of (A). Hepatocellular swelling is diffuse, apart from individual and small clusters of 
hepatocytes that are hypereosinophilic and irregularly shrunken (necrotic hepatocytes, black 
arrows). Kupffer cells are enlarged with vacuolated cytoplasm (black arrow head) 
(magnification bar 60 pm). 

C: EBOV VP40 staining (DAB, brown) identifies individual hepatocytes and Kupffer cells 
within the sinusoids in addition to positive serum staining (magnification bar 60 pm). 


D: Severe fibrinoid necrosis and lymphoid depletion in the spleen 7 days after MARV 
exposure (magnification bar 700 ym). Fibrin deposits expand and replace the pre-existing 
sinusoidal splenic architecture. 


E:Insert of (D). A splenic lymphoid follicle with severe lymphoid depletion and 
lymphocytolysis (magnification bar 200 1m). 


F: EBOV VP40 staining (DAB, brown, IHC) reveals infection in the few degenerate 
follicular dendritic cells remaining (black arrowheads), whereas the surrounding 


lymphocytes are uninfected (magnification bar 80 1m). 


G: Axillary lymph node draining an intramuscular EBOV exposure site 8 days after EBOV 
exposure (magnification bar 2 mm). 


H:Insert of (G). Diffuse necrosis effaces the normal architecture of the lymph node with 
hemorrhage extending into the perinodal connective tissues. Diffuse congestion and 
hemorrhage with multifocal vascular thrombosis (black arrowheads) are present within the 
subcapsular sinuses and extend into the underlying cortex. The normal cortical lymphoid 
tissue has been replaced by fibrin admixed with hemorrhage and cellular debris 
(magnification bar 200 pm). 


I: EBOV VP40 staining (DAB, brown, IHC) reveals infection of the few intact macrophages, 
fibroblastic reticular cells, and virions in the serum (black arrow heads; magnification bar 
200 wm). DAB, 3,3'-diaminobenzidine; H&E, hematoxylin and eosin stain; IHC, 
immunohistochemical stain. (Figure courtesy of Reed F. Johnson, NIH/NIAID/DIR/EVPS, 
and Matthias J. Schnell, Thomas Jefferson University.) 


Most infected cells produce copious amounts of progeny virions, resulting in tissue and 


blood titers reaching 10° to 10 PFU/mL in humans and up to 10 PFU/mL in certain animal 
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models. » » » ° »* ‘The relationship between inoculum/exposure dose and route has 


been impossible to characterize in humans, but limited data from animal models suggest a 
very low median lethal dose in EBOV-infected laboratory mice (LD<)*1 PFU). In crab- 
eating macaques infected with EBOV or SUDV, a target dose of 0.01 PFU of EBOV or 
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SUDV still suffices to cause fatalities. Extrapolating from animal data, human-to-human 
filovirus transmission via microabrasions is, not surprisingly, highly efficient. 


Filovirus Intrahost Distribution and Pathologic Consequences 


Viremia has been detected in the NHP model as soon as 2 days following intramuscular 
EBOV exposure, often coinciding with the onset of fever, but the temporal development of 


infection varies with the dose and route of exposure. Whereas few studies with a limited 
number of animals have evaluated coagulation abnormalities, detectable derangements in 
hemostasis, such as increases in coagulation factor III (F3, tissue factor) expression and 
fibrinogen concentrations, have been seen as early as 2 days postexposure. Increases in 
laboratory-measured clotting times, activated partial thromboplastin time, and prothrombin 


time occur as early as 3 to 4 days postexposure, and elevations in fibrin degradation products 
189 273 321 488 ate . 
>» + A similar consumptive coagulopathy has been 


are detected at 5 days postexposure. 
reported in humans with EVD shortly after the onset of clinical signs. A maculopapular 
rash of varying severity can be seen as early as day 2 postexposure but typically manifests 


later, by 5 days postexposure (Fig. 11.16). 
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FIGURE 11.16 Gross pathology of experimental filovirus infection in rhesus 
monkeys. 


A: The left lateral face, thorax, and arm of a macaque 8 days after exposure to Marburg virus 
(MARV) showing a locally extensive, maculopapular rash. 


B: The left axilla with exposed axillary lymph nodes in situ showing diffuse axillary 
lymphadenopathy with moderate edema in the surrounding connective tissues from a 
macaque 7 days after exposure to Ebola virus (EBOV). 


C: The dorsal surface of the lungs with multifocal to locally extensive, acute pulmonary 
hemorrhage in a macaque 9 days after MARV exposure. 


D: Severe diffuse splenomegaly in a macaque 9 days after MARV exposure. 


E: Inguinal skin with multifocal ecchymotic hemorrhages at venipuncture sites in a macaque 
6 days after MARV exposure. 


F: Testicles (the testis on the right is cross-sectioned) with multifocal, acute-to-subacute 
testicular hemorrhage in a macaque 7 days after EBOV exposure. 


G: The stomach and proximal duodenum with acute-to-subacute, locally extensive, proximal 
duodenal hemorrhage in a macaque 8 days after EBOV exposure. 


H: Diaphragmatic (top image) and visceral (bottom image) surfaces of the liver. Severe, 
diffuse hepatomegaly and pallor with edema of the hilar connective tissue and gallbladder 
wall in a macaque 9 days after MARV exposure. (Figure courtesy of Reed F. Johnson, 
NIH/NIAID/DIR/EVPS, and Matthias J. Schnell, Thomas Jefferson University.) 


Hematologic findings include changes in total leukocyte, monocyte, and platelet 
numbers. A neutrophilic leukocytosis typically increases the white blood cell count with a 
concomitant lymphopenia and a decrease in platelet numbers, while monocyte numbers vary. 
Lymphopenia and decreased platelet numbers are consistent clinicopathologic findings by 4 
days postexposure in most NHPs infected with 1,000 PFU of EBOV by the intramuscular 
exposure route. Platelet numbers typically continue to decrease with disease progression. A 
terminal thrombocytopenia is one of the clinicopathologic hallmarks of FVD, and 
thrombocytopenia and clinically significant increases in laboratory measurements of clotting 


time and fibrin degradation products are diagnostic for disseminated intravascular 
. 189 266 488 . 
coagulation (DIC). » » Normal megakaryocyte numbers in the bone marrow have been 


reported in the few human patients examined with FVD. However, a systematic assessment 
of the presence or absence of megakaryocyte infection by filoviruses and study of the effect 
of FVD on megakaryopoiesis or megakaryocyte and platelet function have not been 
undertaken in any animal model of FVD. 


Systemic filovirus spread results in the infection of hepatocytes and Kupffer cells causing 
acute degeneration with marked (>10 times the upper limit of normal range) increases in 
alanine transaminase (ALT) and aspartate transaminase (AST) activities. As the disease 
progresses, hepatocellular necrosis occurs (Fig. 11.15A-C), further increasing both ALT and 
AST activities. ALT, a cytosolic enzyme, is the most specific marker of hepatocyte damage 
commonly measured in FVD, though lower activity of this enzyme is present in the kidneys, 


myocardium, skeletal muscle, pancreas, spleen, lungs, and red blood cells. AST, a cytosolic 
and mitochondrial enzyme, is present in the cardiac muscle, skeletal muscle, the kidneys, 
pancreas, spleen, lungs, and red blood cells, in addition to the liver. Terminally, increases in 
AST activity could be associated with ischemic damage and/or hemorrhage in any of these 
organs, but the abrupt, marked increases in AST activity seen typically by 4 days 
postexposure are thought to be derived from hepatocytes. Whereas cholestasis is not a feature 
in the NHP FVD model, marked increases in gamma-glutamyltransferase (GGT) activity are 
also typical. Although GGT is present in cells of several organs, including intestine, kidneys, 
pancreas, and prostate gland, the enzyme is interpreted to be a specific marker for 
hepatocellular and biliary epithelial cell damage. Increases in alkaline phosphatase (ALP) 
activity are also observed, but the multiple isoforms of this enzyme in different tissue types 
have typically not been measured individually. ALP is therefore not as specific as other 
markers of hepatic damage commonly measured in FVD models. As the disease progresses, 
ongoing hepatocellular damage is thought to decrease the production of albumin and 
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hepatocellular-synthesized coagulation factors, potentiating the coagulopathy. Similar 
changes have been documented in human disease, albeit in small numbers of patients. 


Fibrin accumulation in the spleen is a consistent histopathologic feature in NHPs, 
regardless of exposure route, as is severe lymphoid depletion and destruction in both the 


splenic white pulp and lymph nodes” (Fig. 11.15D-I). Currently no evidence is available 
that lymphocytes are infected with filoviruses in vivo. However, in vitro, abortive infection 
of lymphocytes by EBOV appears to occur. The lymphopenia observed in FVD had 
previously been thought to be a result of paracrine signaling, possibly stemming from 


infected fibroblastic reticular cells in lymphoid tissues. However, the molecular mechanisms 
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underlying FVD-associated lymphocyte death are not clear. 

Prerenal azotemia (secondary to dehydration) occurs later in the disease course, typically 
from days 5 to 8 postexposure. The kidneys are likely not initial targets in FVD, though 
terminal DIC often results in thrombosis of vasa recta and, occasionally, the glomeruli in 
affected animals. Multifocal acute tubular necrosis, thought to be secondary to reduced 


perfusion or ischemia associated with multiple organ dysfunction syndrome (MODS), is 
. 7 - . 266 321 481 
sometimes seen in macaque models histopathologically. » ° 


Adrenal cortical cells are also often infected.” This observation has led to widespread 
speculation that filovirus infection decreases both mineralocorticoid and glucocorticoid 
production leading to reductions in blood volume and vascular tone. However, concentrations 
of these hormones in animal models of FVD and in humans with FVD have not been 
reported. A progressive hypoproteinemia, perhaps secondary to both reduced hepatic 
production of albumin and protein loss resulting from increased vascular permeability, 
reduces oncotic pressure. This hypoproteinemia is occasionally severe enough to result in 
third spacing or edema. Quantitative assessments of protein loss via renal and gastrointestinal 
routes have not been reported. The coagulopathy associated with FVD can lead to 
spontaneous hemorrhage, but more frequently, DIC with thrombosis occurs in the NHP 
model. Thrombosis can be seen in almost any organ, but in the NHP model, thrombosis is 


predominantly seen in lymph nodes near the exposure site (Fig. 11.15G, H), renal vasa recta, 
the submucosal vessels supplying the proximal duodenum (Fig. 11.16G), lungs, ciliary pars 


plicata, renal glomeruli, testes, hepatic sinusoids, and choroid plexus of the brain. Death 
: na - a 38 7 a 230; a mia 259 20H. ae 270: me 
occurs as a result of MODS. 
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Immune Response to Filovirus Infection 


Filoviruses have evolved to overcome elements of the intrinsic, innate (Fig. 11.17), and 
adaptive arms of the host immune system. The result is almost unrestricted replication and 
ultimately cytolysis in the absence of a significant influx of inflammatory cells in infected 


tissues. > Key filoviral proteins facilitating evasion of the host immune response include 
VP35, VP40, VP24, and GP, ». 


Ebolavirus GP, 
Marburgvirus GP). 
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FIGURE 11.17 Mammalian filovirus escape from host intrinsic and innate 


immune responses. Simplified cartoon showing major intrinsic and innate 
immune pathways and sites of putative inhibition by filovirus proteins. BST2, 
bone marrow stromal cell antigen 2 (formerly also tetherin); DDX58, DExD/H- 
box helicase 58 (formerly RIG-I); EIF2AK2, eukaryotic translation initiation 
factor 2 alpha kinase 2 (formerly PKR); IKBKB, inhibitor of nuclear factor 
kappa B kinase subunit beta (formerly IKK-B); IKBKE, inhibitor of nuclear 
factor kappa B kinase subunit epsilon (formerly IKKe); PRKRA, protein 
activator of interferon-induced protein kinase EIF2AK2 (formerly PACT). For 
meaning of other protein abbreviations, see https://www.genenames.org/. 

(Inspired by Olejnik J, Hume AJ, Leung DW, et al. Filovirus strategies to escape antiviral responses. Curr Top Microbiol 
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Immunol 2017;411:293-322, Ref. and figure courtesy of Jiro Wada and Laura Bollinger, IRF-Frederick, Fort Detrick, 
MD, USA.) 


Filovirus VP35 IID cloaks dsRNA intermediates, thereby preventing dsRNA detection by 
host pathogen-associated molecular pattern (PAMP) receptors such as interferon induced 
with helicase C domain 1 (IFIH1, formerly MDA5) and DExD/H-box helicase 58 (DDX58, 


formerly RIG-I). > For instance, EBOV VP35 binds protein activator of interferon- 
induced protein kinase EIF2ZAK2 (PRKRA, formerly PACT), thereby blocking PRKRA- 
induced DDX58 signaling and preventing DDX58-triggered IFNA1/B1 production. VP35 
also prevents IFNA1/B1 production in two ways by (a) binding kinases that otherwise would 
activate interferon regulatory factors 3 and 7 (IRF3/IRF7), inhibitor of nuclear factor kappa B 
kinase subunit epsilon (IKBKE, formerly IKKe), and TANK-binding kinase 1 (TBK1) via 
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phosphorylation » and (b) forming a complex with IRF7 and 
protein inhibitor of activated STAT 1 (PIAS1, a small ubiquitin modifier [SUMO] E3 ligase), 
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promoting sumoylation and therefore inactivation of IRF7. VP35 also associates 


noncovalently with polyubiquitin chains and thereby inhibits TRIM6-mediated type I IFN 
induction.” In addition, filovirus VP35 inhibits the cellular response to IFNA1 expression 
and induction of apoptosis by inhibiting EIF2AK2 (formerly PKR). > Ebolavirus 
VP35 also acts as a host cell RNAi silencing suppressor (RSS) by interaction with PRKRA 
and TARBP2 subunit of RISC-loading complex, two components of the RNA-induced 
silencing complex (RISC), independent of the presence of small interfering RNA 
(siRNA). 
between VP35 and L and downstream viral RNA synthesis. 

Through EBOV VP35 inhibition of DDX58 signaling, virus-induced maturation of 
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"In addition, PRKRA interaction with ebolavirus VP35 impairs the association 


dendritic cells is blocked. Exposure of cells to mutant EBOV encoding 


altered VP35 resulted in a strong IFN immune response. In vivo administration of mutant 
EBOV that impairs VP35 suppression of DDX58 signaling to laboratory mice and guinea 
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pigs resulted in severely attenuated EBOV infection. 


Marburgvirus and likely dianlovirus, but not cuevavirus and ebolavirus, VP40 
synergistically supports VP35 by inhibiting Janus kinasel (JAK1)-dependent tyrosine 


phosphorylation of signal transducer and activator of transcription (STAT) proteins, thereby 
568 757 758 


disrupting JAK-STAT signaling in response to type I and II IFN. 

Cuevavirus and ebolavirus, but not marburgvirus, VP24 synergistically supports VP35 
and inhibits IFN signaling by binding to karyopherin subunit alpha 1, 5, and 6 (KPNA1, 
KPNAS5, KPNA6) proteins in the cytoplasm, preventing karyopherin-directed shuttling of 
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tyrosine-phosphorylated STAT1 from the cytoplasm into the nucleus. » °° > ° 


Although structurally similar to ebolavirus VP24, marburgvirus VP24 does not bind 
karyopherin directly. Instead, dimerized cytosolic marburgvirus VP24 binds to cellular 
oxidative stress pathway-related ubiquitin E3 ligase Kelch-like ECH-associated protein 1 
(KEAP1), a repressor of antioxidant transcriptional signaling. KEAP1 up-regulates 


transcription factor nuclear factor (erythroid-derived 2)-like 2 (NFE2L2) for ubiquitinylation 
a : 2 * 193 374 578 
and degradation, which leads to an oxidative stress response. » ° In absence of the 


marburgviruses, KEAP1 interacts with inhibitor of nuclear factor kappa B kinase subunit beta 
(IKBKB), and IKBKB subsequently degrades and prevents the response of nuclear factor- 
kappa beta (NF-KB) to activating stimuli. Upon binding to KEAP1, marburgvirus VP24 
disrupts the interaction of IKBKB with KEAP1, and IKBKB is free to respond to NF-KB- 
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activating stimuli with subsequent gene expression. 


Finally, filovirus GP, antagonizes the cellular viral restriction factor bone marrow 
stromal cell antigen 2 (BST2, formerly also tetherin), which is a type I interferon-inducible 
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factor that restricts release of virions from infected cells. » » °» ° ° Host cell IFN- 
inducible transmembrane proteins 1 to 3 (IFITM-1-IFITMS3) restrict mammalian filovirus 


: : , wack 338 830 _ 
infection at an unknown step during virion cell entry, » but not sufficiently to prevent 
entry. 


The effects of the various filoviral immunomodulating factors are likely dependent on the 
host. For instance, adaptation of EBOV to laboratory mice by serial passaging results in 
selection of mutations in the EBOV NP and VP24 genes, and these mutations increase the 


ability of adapted EBOV to evade the IFN response. Adaptation of MARV to laboratory 
mice or domesticated guinea pigs consistently leads to accumulation of mutations in the 


VP40 ORF. MARV and RAVV VP40 from the parental viruses do not inhibit IFN signaling 
in murine cells, but laboratory mouse-adapted VP40s acquire the capacity to function in 
murine cells. These results suggest that inhibition of IFN signaling may be important for 
virulence.” Interestingly, laboratory mouse-adapted RAVV VP4O has impaired capacity 
to bud from human cells in the absence of Gis 

Productively infected macrophages are activated and release proinflammatory cytokines 
(CXCL8, IL1B, IL6, TNF) that recruit further infection-susceptible macrophages to the area. 
These cytokines alter cell adhesion protein expression and remodel intercellular adherens 
junction composition that increase vascular endothelial permeability. Increased F3 expression 


promotes a procoagulative state. EBOV GP, 5 plays a crucial role in macrophage activation. 
EBOV GP, 5 and GP, 5, activate toll-like receptor 4 (TLR4) on macrophages, which leads to 


the induction of the observed proinflammatory response. However, the extent of macrophage 


activation is species-specific, with EBOV and RESTV inducing profound and weak 
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inflammatory responses, respectively. ° ° alee Interestingly, in vitro 


macrophage activation with subsequent expression of proinflammatory and proapopiode 
mediators occurs at the GP, 5-cell binding stage, that is, prior to filovirus gene expression. 


General measurements of cytokine and reactive oxygen species (ROS) and nitric oxide 


responses as filovirus disease progresses suggest extensive immune dysregulation that is 
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directly associated with MODS. In infected dendritic 


cells, major histocompatibility complex (MHC) class II expression is suppressed by VP35, 
inhibiting antigen-presenting cell activity and the development of an adaptive immune 


response. However, expression of F3 and TNF superfamily member 10 (TNFSF10, 
formerly TRAIL) increases. The latter factor may contribute to massive death of uninfected 
(in particular, T cell and natural killer [NK]) lymphocytes and to general immunosuppression 
and consequent secondary infections. Bystander lymphocyte death is thought to be provoked 
by numerous pathways. For instance, VP40-containing exosomes cause apoptosis in recipient 
T cells. VP40 in parental cells or in exosomes delivered to naive cells result in the down- 
regulation of RNAi machinery components argonaute, DICER1, and DROSHA, which 
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therefore may play a role in the induction of cell death in recipient immune cells. 


Histopathologically, severe lymphoid depletion occurs in all lymphatic organs and is 


measurable clinically in the peripheral blood as 
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lymphopenia. >» °° » , no 4 , oo > B cells and NK 
cells are thought to remain functional, whereas T-cell function is likely disrupted. In addition, 
filovirus infection ultimately greatly influences the numbers of all three cell types 
(concomitant with diminished T-cell—derived IL2 and IL4 in blood) and, hence, the ability to 
mount an effective host humoral and cytotoxic immune response. Retrospective analysis of 
limited numbers of human patients suggests that the presence or absence of a robust cell- 


mediated (CD8* and CD4") and humoral immune response may determine survival in 
730 133 a4 ae 640 ee : 
patients with FVD, ° though true mechanistic correlates of protection from 


infection, disease, or death remain to be identified. 


In EVD survivors, cytokines peak only briefly and return to normal concentrations during 
convalescence. In lethal cases, cytokine concentrations remain uncontrolled, leading to 
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systemic inflammation resembling sepsis. > ° Survivors typically develop high titers of 
IgM and IgG antibodies, whereas nonsurvivors do not mount IgG responses and have very 
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low IgM titers. » 


Virulence 


From the currently available data detailing FVD case numbers and associated deaths, one 
cannot determine the most virulent filovirus, although the absolute case numbers and case- 
fatality rates suggest that marburgviruses may be more lethal than ebolaviruses (Fig. 11.2). 
However, all case numbers need to be regarded with caution. Case definitions and diagnostic 
criteria changed considerably since 1967 and were applied differently during different 
outbreaks. In addition, lethality differences among different outbreak areas are likely 
influenced by overall population health status, host genetics, and the specific availability and 
quality of clinical health care. Experimentally, true side-by-side comparisons of similarly 
grown and characterized filoviruses in the same animal model are extremely challenging to 
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perform, and statistically significant comparisons can rarely be determined. However, 
some studies indicate that particular isolates of individual filoviruses may be more virulent 


76 
than others. 


Persistence 


Clinical observation of human FVD survivors reveals that mammalian filoviruses may persist 
for extended periods of time in fluids from immune-privileged compartments (e.g., semen 
and aqueous humor) in the absence of viremia. This persistence leads to rare but documented 


recrudescent organ-specific inflammatory disease relapses (meningoencephalitis, uveitis) and 
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sexual (or other undefined) transmission events. > > * *» °°» *» + * » +» » » » These 


events have not yet been studied systematically, as current animal models of FVD do not 
result in significant numbers of survivors. However, widespread, noncytolytic infection of the 
supporting mesenchymal connective tissues, including the endothelium, throughout the male 
and female reproductive tract occurs in the NHP model as early as 6 days postexposure (Figs. 


11.18-11.20).” Retrospective analyses of tissues from a few NHPs that did survive 
experimental EBOV or MARV infection (and treatment with candidate MCMs) have 
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demonstrated filovirus persistence in tissues such as the eyes, testes, and brain. » Despite 
localization of the virus in immune-privileged sites in macaque models, the molecular 
mechanisms underlying persistence and sexual transmission in the host remain unclear. 
Experiments with laboratory mice indicate that filovirus persistence can be established 
through depletion of B cells, suggesting that persistence in humans may be due to certain 
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types of acquired or inherited immunodeficiencies. 
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FIGURE 11.18 Histopathology of experimental filovirus infections in crab- 
eating macaques 6 days after EBOV exposure. 


A-C:Slight interstitial edema is present multifocally between epididymal tubules 6 days 
postexposure (magnification bars (A) 400 pm and (B) 90 pm). C: EBOV GP, 5 staining 
(DAB, brown, IHC) is multifocally positive within the stroma despite a lack of significant 
histopathologic lesions at the light microscopic level (magnification bar 80 pm). 


D and E:(insert of D) No significant lesions are present of the seminal vesicle at the light 
microscopic level (magnification bars (D) 700 pm and (E) 100 pm). 


F: EBOV GP, 5 staining (DAB, brown, IHC) shows multifocal positivity within the stroma 
and rare epithelial cells (magnification bar 100 pm). (G and H) (insert of G) No significant 


lesions are present within the prostate gland of a macaque at the light microscopic level 
(magnification bars (G) 200 pm and (H) 70 pm). 


I: EBOV VP40 staining (DAB, brown, IHC) shows multifocal positivity within the stromal 
connective tissue supporting the prostatic acini (magnification bar 80 1m). 


J and K:No significant lesions are present within the testis at the light microscopic level 
(magnification bar (J) 300 um and (K) 70 pm). 


L: EBOV VP40 staining (DAB, brown, IHC) shows positive staining within the interstitial 
stromal cells supporting the seminiferous tubules (magnification bar 90 pm). DAB, 3,3'- 
diaminobenzidine; H&E, hematoxylin and eosin stain; IHC, immunohistochemical stain. 
(Figure courtesy of Reed F. Johnson, NIH/NIAID/DIR/EVPS, and Matthias J. Schnell, 
Thomas Jefferson University.) 
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FIGURE 11.19 Histopathology of experimental EBOV infections. 


A-C:(B, insert of A) Ovary from a crab-macaque 7 days after EBOV exposure. At the light 
microscopic level, no significant lesions can be seen within the ovary except for mild, 
multifocal degeneration and eosinophilic intracytoplasmic inclusion bodies (C, black arrow) 
within the thecal cells surrounding maturing ovarian follicles (magnification bars (A) 700 


uum, (B) 200 um, (C) 50 pm). 
D and E:(insert of D, F) (insert of E) EBOV GP, >» staining (DAB, brown, IHC) shows 


positive staining within the theca cell layers of maturing ovarian follicles and multifocally 
within ovarian stromal cells (magnification bars (D) 700 um, (E) 200 pm, (F) 60 pm). 


G and H:(insert of G, I) The uterus from a menstruating crab-eating macaque 7 days 
postexposure. (G and H) At the light microscopic level, no significant lesions can be seen 
(magnification bars (G) 2 mm and (H) 200 pm). 


I: EBOV GP, 5 staining (DAB, brown, IHC) shows multifocal positive staining within the 


endometrial stroma and underlying myometrium (magnification bar 200 pm). DAB, 3,3’- 
diaminobenzidine; H&E, hematoxylin and eosin stain; IHC, immunohistochemical stain. 
(Figure courtesy of Reed F. Johnson, NIH/NIAID/DIR/EVPS, and Matthias J. Schnell, 
Thomas Jefferson University.) 
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FIGURE 11.20 Transmission electron micrographs from reproductive 
organs following experimental EBOV infections. 


A and B:(insert of A) Epididymis (crab-eating macaque 6 days after EBOV exposure): three 
intracytoplasmic inclusion bodies are present within the mesenchymal cells (red-boxed area) 
adjacent to the basement membrane (BM) of the epididymal epithelium (Ep). Higher 
magnification shows filamentous nucleocapsid structures forming within the inclusion bodies 
(black arrows). 


C and D:(insert of C) Ovary (crab-eating macaque 7 days after EBOV exposure): 
intracytoplasmic inclusion bodies (red boxed area) are present in the endothelium lining a 
blood vessel (BV) and in an adjacent pericyte (P, left). Higher magnification shows a large 
intracytoplasmic inclusion body (black arrow) containing nucleocapsid proteins forming 
filamentous nucleocapsid structures within the endothelial cell. Adjacent to the vessel, a few 
mature EBOV particles are free within the interstitium (black arrowheads). 


E and F:(insert of E) Prostate gland: an intracytoplasmic EBOV inclusion body (red boxed 
area) is present within a mesenchymal cell (Me) of the prostate gland. Higher magnification 
shows filamentous EBOV nucleocapsid structures forming within the inclusion body (black 
arrow). 


G: Uterus (crab-eating macaque 7 days after EBOV exposure): an intracytoplasmic inclusion 
body (black arrow) is present in a smooth muscle cell of the myometrium. Adjacent to the 
smooth muscle cells, mature filamentous EBOV particles are free within the interstitial 
spaces (black arrow head). 


H and I:(insert of H) Testis: two intracytoplasmic EBOV inclusion bodies (red boxed area) 
are present within mesenchymal cells (Me) of the testis adjacent to the seminiferous tubules 
(ST). Higher magnification shows filamentous EBOV nucleocapsid structures forming within 
one of these inclusion bodies (black arrow). (Figure courtesy of Reed F. Johnson, 
NIH/NIAID/DIR/EVPS, and Matthias J. Schnell, Thomas Jefferson University.) 


EPIDEMIOLOGY 


Filoviruses associated with human disease have been encountered in Western Africa (EBOV, 
MARV, TAFV), Middle Africa (BDBV, EBOV, MARV), Eastern Africa (BDBV, SUDV, 
MARV, RAVV), and Southern Africa (MARV) (Figs. 11.1 and 11.2). The definite distribution 
of pathogenic filoviruses is further substantiated by the proven infection of western 
chimpanzees with TAFV (Western Africa) and of Egyptian rousettes with MARV and 
RAVV (Western, Eastern, and Southern Africa). Classical epidemiological 
investigations, but also environmental niche modeling, indicate that ebolaviruses are endemic 
in humid rain forests and that marburgviruses occur in caves located in arid woodlands. 
Ebolavirus emergence appears to be correlated with unusually heavy rainfall subsequent to 
extended dry periods. These predictions suggest that some filovirus reservoir hosts might 
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react to climate anomalies in ways that further their interaction with humans. ° ° ° , 


Finally, serological surveys indicate that humans are exposed to filoviruses in numerous 
countries that, thus far, have not reported disease outbreaks (e.g., certain African countries, 
Belarus, Ukraine). However, the results of most of these surveys are considered controversial 


because of the applied methodologies and the likelihood of serological cross- 
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reactions. ° ° 
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The discovery of Egyptian rousettes as marburgvirus hosts 


BOMV and MLAV in insectivorous and frugivorous bats, respectively, tempt one 
to hypothesize a chiropteran connection for all mammalian filoviruses. Indeed, numerous 
studies have either detected anti-ebolavirus antibodies in bats of various species or found 
short viral genomic fragments. However, the definitive reservoir host(s) of pathogenic 
ebolaviruses remain(s) unknown, and the means of human transmission of marburgviruses 


from Egyptian rousettes are unclear. As a result, the origins of all FVD outbreaks remain 
24 107 777 


murky. 

Indeed, the majority of the few recorded FVD outbreaks began with single human 
infections through contact with unknown reservoir hosts. These rare events indicate that 
host—human transmissions are likely not as simplistic as exposure of a human to an infected 
bat or its excreta or secreta. For instance, MARV and RAVV transmission occurs at low 
levels among Egyptian rousettes throughout the year with peaks of infection occurring only 


in older (male and female) juveniles. Such juveniles shed marburgviruses orally and 
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rectally. » In experimental settings, this shedding is sufficient for bat-to-bat 


.. 666 ; a 
transmission, but infected bats clear the virus and develop long-term protective immunity 


; . 667 ; 
against reinfection. These results suggest that contact with particular subpopulations of 
bats, such as juveniles, at certain times of the year may increase the risk for bat-to-human 
marburgvirus transmission. 


Numerous outbreaks have occurred that were not even anecdotally associated with bat 
exposure but instead associated with exposure of the index cases to various mammals, 


including NHPs. > Past EVD outbreaks were temporally associated with significant 
declines of central chimpanzee (Pan troglodytes troglodytes Blumenbach, 1775), western 
lowland gorilla (Gorilla gorilla gorilla Savage, 1847), and arteriodactyl duiker (Cephalophus 


spp.) populations in Gabon and COG, and EBOV antigen and short genomic fragments were 
detected in a few of these animals.’ These data indicate that apes, and likely 


other primates, and duikers are occasionally exposed to filoviruses and that human infection 
could begin through human contact with such accidental hosts. 


Once a host—human transmission has occurred, filoviruses spread by direct, human-to- 
human contact (in particular, within the family unit and among patients and health care 
workers) or contact with contaminated bodily fluids (eg., amniotic fluid, 
blood/plasma/serum, breast milk, feces, saliva, semen, skin swabs, tears, urine) or fomites 
contaminated with infectious material derived from patients or cadavers. Importantly, 


asymptomatic individuals only rarely transmit virus to another human. Airborne transmission 
does not contribute to FVD outbreaks except in hospital or laboratory environments, where 


centrifugation of samples, intubation of patients, or suction during surgical procedures can 


: : : — 25 54 185 249 379 380 529 563 633 678 
potentially lead to aerosolization of large numbers of virions. >» *» » » °°» > ° 


Nosocomial spread by means of contaminated and reused equipment, in particular needles 


7 $ P 185 274 380 633 678 821 822 
and syringes, was a major contributor to past FVD outbreaks. >» » °° > » 


In regard to host susceptibility to infection or severe outcome, filovirus infections do not 
have a sex or ethnicity predilection, and individuals of all ages can become infected. 
Differences in sex, ethnicity, and age distribution between outbreaks can be largely explained 
by local demographics. For instance, in countries where women traditionally care for the 
sick, women become infected in higher numbers compared to men. Fewer children are 
typically affected by FVD than adults during an outbreak, but this finding may be due to 
children having less direct contact to potentially infected people than adults. However, 


children less than 5 years old with EVD typically have a shorter incubation period, shorter 


F . . .._ 8 27 127 184 282 385 693 
disease duration, and increased lethality.» » » » » » Infected pregnant women often 


miscarry or deliver stillbirths due to transplacental filovirus transmission. Neonates of 
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infected mothers rarely survive, and maternal lethality is very high. > > » » » ~ » Only 


two studies have evaluated the influence of host genetics on FVD outcome. Expression of 
killer immunoglobulin-like receptor proteins KIR2DS1 and KIR2DS3 was associated with 


fatal EVD outcome in a Gabonese population. HLA-B alleles B*67 and B*15 were 
associated with fatal outcomes, and alleles B*07 and B*14 were associated with nonfatal 


SVD outcomes in a Ugandan population. 


The evolution of filoviruses during human-to-human transmission has only been 
analyzed during the 2013-2016 Western African EVD outbreak. Interestingly, genomic 
mutations leading to at least three amino acid mutations rose to high frequency early in the 
outbreak and became fixed over time: mutation R111C in the homo-oligomerization domain 
of NP, A82V in GP,’s receptor-binding site, and D759G in the active center of L. In vitro, 


GP, A82V increased GP, >-mediated cell entry into primate cells but decreased cell entry 


into bat cells, whereas NP R111C and L D759G decreased and increased viral replication and 
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transcription depending on cell type. » » °» ° The selective pressure leading to these 


mutations is unclear, as are their effects on EBOV transmissibility and virulence. Initial 
experiments in immunocompromised laboratory mice and rhesus monkeys did not reveal 
phenotypic disease associated with these mutations, but the viruses used differed by 
additional nucleotide changes beyond these three mutations, thereby preventing direct 


comparison. Results from a second study indicated that L D759G may increase survival of 
EBOV-infected laboratory mice and delay death in infected domestic ferrets. 


CLINICAL FEATURES 


Since the discovery of the first filovirus, MARV, in West Germany and Yugoslavia in 1967" 


until the large disease outbreak caused by EBOV in Wester Africa in 2013-— 
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2016, °° » » » » » ~ filoviruses have caused only 36 known FVD outbreaks (2,882 
infections/1,968 deaths) (Fig. 11.2). The majority of these outbreaks has occurred in 
resource-limited and often remote African settings without efficient epidemiological 
surveillance programs, modern health care facilities, and well-trained and capacitated health 
care workers. Consequently, the clinical presentation and evolution of FVD in humans have 
not been well characterized by systematic study. Instead, clinical descriptions have been 
based on an accumulation of case or case cluster observations summarized by different 


individuals or expert groups in different locations, often focusing on different clinical 
53 108 353 387 470 572 597 630 Sed 
parameters. > » » * * ° ° ‘These descriptions were further complemented by more 


detailed clinical observations made from a few patients cared for in modern health care 
196 240 256 484 703 


settings in 1967, 1975, and 1994 » 
[Alien 


A lack of systematic data collection and country- and region-specific differences in 
overall patient health status has led clinicians to conclude that FVD caused by distinct 
filoviruses follow a common path. FVD infections were correctly described to begin with a 
nonspecific influenza-like phase followed by either recovery or progression to critical illness 
leading to MODS, shock, and death. However, experimental laboratory infections of 
mammals (Table 11.4) and the increased molecular—biological characterization of distinct 
filoviruses indicated that pathogenic ebolaviruses (BDBV, EBOV, SUDV, TAFV) and 
marburgviruses (MARV, RAVV) may cause infections with distinct clinical phenotypes. 
Infections by distinct ebolaviruses likely are more similar to each other than to those of 
marburgviruses and vice versa. This hypothesis is now reflected in WHO’s International 
Classification of Diseases revision 11, which divides FVD into diseases caused by 
ebolaviruses (EBOD) and marburgviruses (MARD). These subcategories are further 
subdivided according to the specific filoviruses: Bundibugyo virus disease (BDV), Ebola 
virus disease (EVD), Sudan virus disease (SVD), and Marburg virus disease (MVD), 
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and from three individuals with filovirus 


respectively (Table 11.5). 


TABLE 11.5 Human filovirus disease classification as of 2018 


BDBV, Bundibugyo virus; CNS, central nervous system; EBOV, Ebola virus; ICD-11, International [Statistical] 
Classification of Diseases [and Related Health Problems] (ICD) version 11; MARV, Marburg virus; RAVV, Ravn virus; 
SUDV, Sudan virus. 

From World Health Organization. ICD-11 for mortality and morbidity statistics. December 2018. Available at: 
https://icd.who.int/browse11/l-m/en; Kuhn JH, Adachi T, Adhikari NKJ, et al. New filovirus disease classification and 
nomenclature. Nat Rev Microbiol 2019;17(5):261-263. 


The 2013-2016 Western African EVD _ outbreak (28,652 cases and 11,325 
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deaths) » was the first opportunity to systematically characterize a FVD using 


increased patient cohorts that achieved statistical significance. In August of 2014, WHO 
formally declared the outbreak a Public Health Emergency of International Concern 
(PHEIC). This declaration further supported an already steadily growing international 
response, which resulted in the establishment of local, sometimes modern, Ebola [virus 
disease] Treatment Units (ETUs) staffed with national health care workers and international 


health care providers, occasionally including specialist infectious disease and critical care 
bk 1 110 242 281 362 436 461 463 788 3 : : 
physicians.» » *» °» » » »* »* ‘The international concern about the outbreak, combined 


with growing local and international support capacities for identification, isolation, treatment, 
and longitudinal follow-up of patients, resulted in a much more sophisticated definition of 
EVD than was used prior to 2013. This definition was further defined by data collected 


: 547 
during subsequent outbreaks. 


Though presentation is variable from patient to patient, EVD can generally be 
characterized after an incubation period into typical clinical phases: a nonspecific prodrome, 
a gastrointestinal phase progressing to peak illness, and subsequent death or slow recovery 
(Fig. 11.21). Classically bounded from 2 to 21 days and only mildly influenced by EBOV 


exposure route and dose, the incubation period is 6 to 10 days, after which patients develop 
an influenza-like illness that usually includes fever, anorexia, severe fatigue/asthenia, 
myalgia/arthralgia, and headache. Around day 5 of illness, patients often develop 
gastrointestinal symptoms (diarrhea, nausea/vomiting, abdominal pain) that may result in 
dramatic gastrointestinal fluid losses (stool volumes of 5-10 L/day) with concomitant 
hypotension, third-spacing due to increased vascular permeability with edema (often 
apparent in the face), and rhabdomyolysis. Patients with milder initial prodrome or 
gastrointestinal symptoms may begin to improve. Other less common signs include 
conjunctival injection or hemorrhage, hiccups, dyspnea, and cough. Infrequently, patients 
may develop hemorrhagic manifestations (ecchymoses, epistaxis, hematemesis, melena, 
oozing from injection sites, and petechial rashes) likely due to clotting factor deficiency, 
thrombocytopenia, or DIC. As illness progresses, severely ill patients develop signs of 
hypovolemic or septic shock (often with metabolic acidosis and severe electrolyte 
abnormalities) progressing to MODS, including acute kidney and liver injury, respiratory 
failure, and encephalopathy or seizures. Often presenting with altered mental status or 
seizures, the etiology of CNS manifestations may include meningoencephalitis (associated 
with EBOV detection in cerebrospinal fluid), metabolic causes (hypoglycemia, 


hyponatremia), and CNS _ hypoperfusion associated with hypovolemia or _ septic 
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FIGURE 11.21 Clinical disease course of Ebola virus disease (EVD). 
Idealized progression of key parameters and clinical signs. (Inspired by Baseler 
L, Chertow DS, Johnson KM, et al. The pathogenesis of Ebola virus disease. 
Annu Rev Pathol 2017;12:387-418; Ploquin A, Zhou Y, Sullivan NJ. Ebola 
immunity: gaining a winning position in lightning chess. J Immunol 
2018;201(3):833-842; Chertow DS, Nath A, Suffredini AF, et al. Severe 
meningoencephalitis in a case of Ebola virus disease: a case report. Ann Intern 


Med 2016;165(4):301-304. Refs.» and figure courtesy of Jiro Wada, IRF- 
Frederick, Fort Detrick, MD, USA.) 


Although the underlying mechanistic correlates have yet to be defined, accumulated 
clinical experience has identified a number of host and illness-specific predictors of fatal 
FVD outcomes. The most consistent factor across multiple outbreaks and filoviruses is the 
admission or peak viral load (or nadir cycle threshold value in RT-qPCR). The most ominous 
clinical factors include signs of organ dysfunction, most significantly acute kidney injury 
(AKI; signaled by elevated creatinine levels), CNS manifestations (altered mental status, 


coma, seizures), and severe liver injury (indicated by AST and ALT activity 
156 420 502 505 563 835 


increases). Only recently, retrospective analyses of EVD and SVD outbreak 


data have identified biomarkers that predict human disease outcome. Of interest, these 
biomarkers may be different in adult and pediatric disease. For instance, in adults with EVD, 
hemorrhage and death have been associated with increased serum thrombomodulin and 
ferritin concentrations. In addition, increased serum concentrations of soluble vascular cell 
adhesion molecule 1 (VCAM-1) and von Willebrand factor (VWF) have been associated with 
hemorrhage, and elevated concentrations of F3 and tissue plasminogen correlate with 
viremia. Increased concentrations of sCD40LG have been associated with survival. Increased 
serum concentrations of soluble intracellular adhesion molecule and VWF are also 
characteristic in fatal pediatric cases, but increased serum C—C motif chemokine ligand 5 
(CCL5, formerly RANTES) and decreased serpin family E member 1 (SERPINE1, formerly 
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plasminogen activator inhibitor 1) and VCAM-1 concentrations correlate with survival. ~ 
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In both EVD and SVD, viral load is inversely associated with patient survival. > ° ° 
The impact of co- or secondary infections that complicate and/or confuse the clinical 


presentation (e.g., gram-negative sepsis due to bacterial translocation from _ the 
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gastrointestinal tract, HIV-1, plasmodium infections) » » *» °» * »° on prognosis remains 


an important question that requires systematic investigation. The observation of disseminated 
7 . . . F F . F ore 
Pseudomonas aeruginosa superinfection in a child with RAVV infection and the 
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development of mucormycosis in an acute EVD patient indicate that secondary infections 
may be common complications of FVD. 


Prolonged sequelae (2 years and longer) in some FVD survivors and occasional filovirus 


persistence associated with disease relapse or sexual transmission were observed prior to the 
29 37 108 394 432 485 632 870 


2013-2016 EVD outbreak »° and also during a BVD outbreak. However, 
longitudinal follow-up of EVD survivors of the 2013-2016 EVD outbreak clarified that 
sequelae such as abdominal pain, symmetric polyarticular arthralgia, fatigue, headaches, 
myalgia, and insomnia are common complaints (Fig. 11.22). Alopecia, confusion, hearing 
loss or tinnitus, seizures, and uveitis and other ocular sequelae (e.g., blurry vision, cataracts, 


light sensitivity) have been relatively frequent events that could be confirmed 
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clinically, 


Acute infection 


Facial, neck edema @ 

Fever @ 

Headaches @ 

Hiccups @ 

Bleeding from the gums @ 

Confusion, disorientation @ 

Conjunctival injection, @ 
conjunctivitis 

Cough @ 

Dizziness @ 

Epistaxis @ 

Hemoptysis @ 

Sore throat, odynophagia, @ 
or dysphagia 


Difficulty breathing, distress @ 


@ Frequent (>50%) 
@ Infrequent (<50%) 


Chest pain @ => 


I | Blood/ Heart / Lung 
@ Anemia 
; | ®@ Cardiopathy, valvulopathy, tachycardia, palpitations 
® Shortness of breath 
\ \ @ Arterial hypertension 


Abdominal pain @ 
Anorexia, appetite loss @ 
Diarrhea @ 

Hematemesis @ 

Nausea and vomiting @ 


Arthralgia or myalgia @ 
Asthenia @ 

Bleeding from any site @ 
Malaise or fatigue @ 
Maculopapular rash @ 
Petechiae @ 


Co-infectiors 
Respiratory tract @ 
infection + otitis 
Urinary tract infection, @ 
Sexually transmitted infection 
Malaria @ 
Suppurative parotitis @ 


Hy 
Bleeding fam. gle : a, \\ 
Melena @ | ( | Y 

\ 
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Sequelae 


CNS Skin / Hair 

® Headache @ Alopecia 

® Insomnia, sleep disorder @ Skin disorders 
® Memory, concentration 


difficulties, confusion 
Social | Mental 


@ Stigma, rejection 
® Diminished work capacity 
® Depression or anxiety 
® Mood changes 
® Post-traumatic 
stress disorder 


Eye / Vision 

®@ Blurred vision 

@ All ocular disorders 
@ Conjunctivitis 

® Retro-orbital pain 
@ Uveitis 


®@ Vision loss 
®@ Yellowing of eyes 

\ Sensory 

, @ Periphal paraesthesia or dysesthesia 

x / aly : 

® Tinnitus, hearing loss 
ad a \ ® Dizziness, loss of balance 
a : 2) ® Change in taste 

® Change in smell 


@® Numbness 


@ Pericarditis 
@ Myocarditis 


Gastrointestinatract 

@ Anorexia 

® Difficulty swallowing, odynophagia 

® Gastritis, ulcer, gastro-esophageal reflux disease 
® Constipation 

® Moderate acute malnutrition 

® Sore throat 

@ Diarrhea, gastroenteritis 

@ Severe acute malnutrition 


Reproductive orgms 

® Orchitis, testicular pain 
@ Decreased libido 

@ Sexual! dysfunction 

@ Amenorrhea 


Pain / Fatigue 

@ Arthralgia, joint stiffness 

® Fatigue, decreased exercise tolerance 
@ Abdominal pain 

@ Myalgia, muscle weakness 

@ Back pain 

@ Chest pain 


FIGURE 11.22 Clinical presentation of acute filovirus disease (FVD). Listed 
are typical symptoms and clinical signs of adults in acute infections and reported 


IRF-Frederick, Fort Detrick, MD, USA.) 
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or observed sequelae among survivors. °° ° 


(Figure courtesy of Jiro Wada, 


Thus far, substantiation of whether EBOV causes these symptoms or clinical signs has 
been difficult. Currently, no animal EVD survivor models are available in which causal 
relationships between infection and sequelae can be established. However, individual case 


reports indicate that some of the reported sequelae could be due directly to persistent 
(nonlatent) EBOV infection. For instance, EBOV was detected in the cerebrospinal fluid of 


: : : . 337 359 . 
two nonviremic EVD survivors with encephalopathy ° and in the aqueous humor of a 


nonviremic survivor with uveitis. Additionally, EBOV RNA could be detected in breast 


milk and vaginal swabs and up to 2 years or longer in the seminal fluid of numerous EVD 
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survivors. > *» ’ ° ° Both genomic and antigenomic EBOV RNAs, indicating ongoing 
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replication, could be detected in the aqueous humor, semen, and urine of EVD survivors. 
In at least some instances, EBOV persistence led to sexual or undefined EBOV transmission 


from survivors to naive contacts, thereby causing new EVD cases and transmission 
: 167 170 177 228 494 
chains. » °° ° 


DIAGNOSIS 


Differential Diagnosis 


No pathognomonic features exist to establish an unequivocal diagnosis of FVD at the 
bedside. Instead, FVD needs to be considered a possibility in any patient (febrile or not) with 
a recent travel history to or in Africa, particularly if the patient traveled to areas with known 
prior or ongoing outbreaks and/or had contact with wildlife (bats, duikers, or primates) or 
visited rain forests or caves/mines. The differential diagnosis includes numerous other 
infectious and noninfectious diseases that present similarly with a much higher prevalence 
and incidence than FVD > (Table 11.6). Any suspicion of FVD should be reported to the 
responsible public health authorities, and special operating procedures should be 
implemented to ensure safety of hospital staff and prevention of further filovirus 
transmission. 


TABLE 11.6 Filovirus disease (FVD) differential diagnosis 


Bacterial Disease 

Cholera 

Enterohemorrhagic Escherichia coli infection 
Gram-negative bacterial septicemia 
Intestinal infections due to Shigella 
Leptospirosis 

Rickettsioses 

Typhoid fever 

Fungal Disease 

Histoplasmosis 

Protozoan Disease 

Malaria due to Plasmodium falciparum 
Viral Disease 


Acute or subacute hepatic failure due to hepatitis virus 
(fulminant hepatitis) 


Crimean-Congo hemorrhagic fever (CCHF) 
Lassa fever (LF) 

Measles 

Rift Valley fever (RFV) 

Rubella 

Yellow fever (YF) 

Other 

Acute promyelocytic leukemia 
Dermatoses resulting from anticoagulant therapy 
Factor VII, IX, and X deficiencies 
Hemolytic uremic syndrome 

Hereditary hemorrhagic telangiectasia 
Mucocutaneous lymph node syndrome 
Snake envenomation 


Thrombotic thrombocytopenic purpura 


Etiological Bacterium 

Vibrio cholerae 

Enterohemorrhagic Escherichia coli (EHEC) 
Gram-negative bacterium 

Shigella spp. 

Leptospira spp. 

Rickettsia prowazekii, Rickettsia typhi 
Salmonella Typhi 

Etiological Fungus 

Histoplasma capsulatum 

Etiological Protozoan 

Plasmodium falciparum 

Etiological Virus 


Hepatitis A virus (HAV), hepatitis B virus (HBV), hepatitis C virus (HCV), 
hepatitis D virus (HDV) 


Crimean-Congo hemorrhagic fever virus (CCHFV) 
Lassa virus (LASV) 

Measles virus (MeV) 

Rift Valley fever virus (RVFV) 

Rubella virus (RuV) 

Yellow fever virus (YFV) 

Cause 

White blood cell cancer 

Warfarin 


Genetic disorder 
Genetic disorder 
Idiopathic 

Snake bites 
Idiopathic 


Adapted from Kuhn JH. Filoviruses. A compendium of 40 years of epidemiological, clinical, and laboratory studies. Arch 
Virol Suppl 2008;20:13-360; Radoshitzky SR, Bavari S, Jahrling PB, et al. Filoviruses. In: Bozue J, Cote CK, Glass PJ, 
eds. Medical Aspects of Biological Warfare. Fort Sam Houston: Borden Institute, US Army Medical Department Center and 
School, Health Readiness Center of Excellence; 2018:569-614; Gear JHS. The diagnosis of hemorrhagic fever. In: Gear 
JHS, ed. CRC Handbook of Viral and Rickettsial Hemorrhagic Fevers. Boca Raton: CRC Press; 1988:231—239; Grolla A, 


Lucht A, Dick D, et al. Laboratory diagnosis of Ebola and Marburg hemorrhagic fever. Bull Soc Pathol Exot 
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2005;98(3):205-209. Refs. ” 


Laboratory Diagnosis 


Today, filoviruses can be detected safely and in a straightforward fashion in mobile, field, 
and international reference laboratories using a variety of complementary methods and 
samples (Table 11.7). Several methods, in particular commercial PCR-based assays and 
handheld lateral flow immunoassays, are recommended for field use (Table 11.8). The choice 
of assay may depend on the filovirus and filovirus variant, stage of illness, available sample 
type, laboratory capacity, and training of the diagnostician. For the first time, in COD in 2018 
to time of writing, a single diagnostic field-deployable platform (Cepheid GeneXpert) and a 


single set of protocols are used across all laboratory sites, making systematic comparison of 
viral titers at the time of diagnosis and during disease progression possible. Even in this 
setting, diagnostic challenges include test interpretation in the setting of large-scale 
preventive vaccination of close contacts as vaccinated individuals may test positive as a 
result of vaccination. Also, infected asymptomatic or paucisymptomatic people (including 
acutely infected as well as survivors with ongoing filovirus replication in immune-privileged 


compartments) pose a challenge because of the absence of viremia and the time lag between 
° . . 54 132 169 209 283 448 563 689 690 
infection and development of detectable IgM and IgG antibodies. >» » » » > > > > 


TABLE 11.7 Advantages and disadvantages of common filovirus 


laboratory detection methods 


| Primary methods 


Antigen enzyme-linked —_ Filovirus Blood, serum, Rapid (faster than RT-qPCR) Requires special equipment, but 

immunosorbent assay antigen/ tissues and highly sensitive; can be capable of high-throughput; less 

(ELISA) proteins performed on inactivated specific than RT-qPCR; low sensitivity in 
samples early infection 

IgG or IgM enzyme- Antifiloviral Serum Rapid (faster than RT-qPCR) Requires special equipment, but 

linked immunosorbent antibodies and highly sensitive; useful capable of high-throughput; less 

_ assay (ELISA) for seroprevalence studies in specific than RT-qPCR; relatively high 

nonviremic populations; can rate of false positives or within-genus 
be performed on inactivated cross-reactions; need to consider time 
samples point of appearance of IgG and IgM 


antibodies in response to infection (of 
limited use early in infection); some 
patients do not seroconvert 


_ Reverse transcription Filovirus Blood, serum, Most sensitive detection Requires expensive equipment 
quantitative polymerase — genomic or tissues method; rapid and easy to sensitive to environmental factors and 
chain reaction (RT-qPCR) antigenomic adapt to any known or new dependent on electricity; reagents may 

nucleic acids filovirus; relatively simple to be temperature-sensitive; cannot be 
perform (in particular when used for detection after viral clearance; 
commercialized); can be number and types of fluorescent dyes 
multiplexed; can be performed _ limit multiplexing; release of RT-PCR 
on inactivated samples inhibitors from tissue can lead to false- 
negative results 

_ Reverse transcription Filovirus Blood, serum, Most straightforward nucleic Requires expensive equipment 
polymerase chain genomic or tissues acid detection method; minimal sensitive to environmental factors and 
reaction (RT-PCR) antigenomic training requires (in particular dependent on electricity; reagents may 

nucleic acids when commercialized); more be temperature sensitive; cannot be 
rapid than RT-gPCR; can be used for detection after viral clearance; 
performed on inactivated less sensitive than RT-qPCR; release of 
samples RT-PCR inhibitors from tissue can lead 


to false-negative results 


Confirmatory methods 


Electron microscopy (EM) Filoviral Blood, serum, Unique morphology enables Insensitive; requires expensive 
particles tissues family-specific diagnosis; equipment 
or cellular immunostaining is possible 
inclusion for confirmation and species- 
bodies specific differentiation 

Indirect fluorescent assay Antifiloviral Serum Rapid and simple; useful for Subjective interpretation; high rate of 

(IFA) antibodies seroprevalence studies in false positives; low sensitivity; some 

nonviremic populations patients do not seroconvert 

Immunohistochemistry Filovirus Tissues Detection of filovirus antigen in Slow; for use outside of BSL-4 

(IHC) antigen/ the absence of viremia containment, material needs to be 
proteins inactivated but works well in fixed 

tissues 

In situ hybridization (ISH) — Filovirus Tissues Highly sensitive if used with Slow; material needs to be inactivated 
genomic or amplification (e.g., RNAscope); — but works well in fixed tissues 
antigenomic useful for detection of 
nucleic acids persistent infection in the 

absence of viremia 
, 

Fluorescence assay (FA) __ Filovirus Tissues Rapid and simple Subjective interpretation; high rate of 
antigen/ false positives; low sensitivity 
proteins 

Next-generation Filovirus Blood, serum, Unequivocal identification of Expensive; slow; requires special 

sequencing (NGS) genomic or tissues filovirus; discovery of novel equipment and highly trained staff for 
antigenomic filoviruses; enables monitoring __ in silico interpretation of data 
nucleic acids of genetic drift and MCM 


escape; can be performed on 
inactivated material 


Virus isolation Filovirus Blood, bodily Definite diagnosis; Requires transport of potentially 
fluids, tissues availability of virus isolates infectious material to facilities with BSL-4 
for experiments, including containment laboratories; need for 
validation of novel detection filovirus-susceptible cells and secondary 
methods filovirus detection methods to confirm 


isolation; increased risk to laboratory 
workers due to work with live virus; 
cannot be applied for batch testing 


Western blot Antifiloviral Serum Specific Interpretation sometimes difficult; 
antibodies dependent on availability of filovirus- 
specific antibodies 


MCM, medical countermeasure. 

Adapted from Broadhurst MJ, Brooks TJG, Pollock NR. Diagnosis of Ebola virus disease: past, present, and future. Clin 
Microbiol Rev 2016;29(4):773-793; de la Vega M-A, Bello A, Chaillet P, et al. Diagnosis and management of Ebola 
samples in the laboratory. Expert Rev Anti Infect Ther 2016;14(6):557-567; Grolla A, Lucht A, Dick D, et al. Laboratory 
diagnosis of Ebola and Marburg hemorrhagic fever. Bull Soc Pathol Exot 2005;98(3):205-209; Kuhn JH. Ebolavirus and 
marburgvirus infections. In: Jameson JL, Fauci AS, Kasper DL, et al., eds. Harrison’s Principles of Internal Medicine, Vol. 
2. 20th ed. Columbus: McGraw-Hill Education; 2018:1509-1515; Radoshitzky SR, Bavari S, Jahrling PB, et al. 
Filoviruses. In: Bozue J, Cote CK, Glass PJ, eds. Medical Aspects of Biological Warfare. Fort Sam Houston: Borden 
Institute, US Army Medical Department Center and School, Health Readiness Center of Excellence; 2018:569-614; Tembo 
J, Simulundu E, Changula K, et al. Recent advances in the development and evaluation of molecular diagnostics for Ebola 
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virus disease. Expert Rev Mol Diagn 2019;19:325-340. Refs. ° ° 


TABLE 11.8 Field filovirus rapid diagnostic tests (RTDs) and next- 


generation diagnostic tests (NGDSs) 


Filovirus antigen detections tests 


Dual Path Platform (DPP) Ebola Chembio LFI (VP40) EBOV EUA (FDA) 

Antigen System 

One-step Ebola test Intec LFI (not disclosed) EBOV EUAL (WHO) 

OraQuick Ebola Rapid Antigen OraSure Technologies LFI (VP40) BDBV, EBOV, SUD\ Approved by FDA, EUAL 
Test (WHO) 

ReEBOV Antigen test kit Corgenix LFI (VP40) BDBV, EBOY, ‘ EVA (FDA), EUAL (WHO) 
SD Q Line Ebola Zaire Ag test SD Biosensor LFI (NP, GP,2, VP40) EBOV EUAL (WHO) 

Filovirus nucleic acid detection tests 

Ebola Virus (EBOV) Real-Time Liferiver Bio-Tech RT-qPCR (NP) BDBV, EBOV, MARV, RAVV, EUAL (WHO) 

RT-PCR Kit SUD\ 

Ebola Virus NP Real-Time CDC RT-gPCR (NP) EB\ EUA (FDA) 

RT-PCR Assay 

Ebola Virus VP40 Real-Time CDC RT-qPCR (VP40) EBOV EUA (FDA) 

RT-PCR Assay 

Ebola Zaire (EZ1) rRT-PCR U.S. Naval Medical RT-qPCR (GP) EBO EUA (FDA) 

Assay Research Center 

FilmArray BioThreat-E Test BioFire Defense RT-PCR (L) EBOV EUA (FDA), EUAL (WHO) 
FilmArray BT-E Assay BioFire Defense RT-PCR (L) EBOV EUA (FDA) 

FilmArray Warrior Control Panel Maine Molecular Quality RT-PCR (not BDBV, EBOV, MARV, RAVV, Approved by FDA 

M290 Controls disclosed) RESTV, SUDV, TAFV 

Idylla Ebola Virus Triage Test Biocartis RT-qPCR (GP) EBOV, SUL EUA (FDA) 

LightMix Ebola Zaire rRT-PCR TIB Molbiol RT-qPCR (L) EBOV EUA (FDA) 

Test 

RealStar Ebolavirus RT-PCR altona Diagnostics RT-qPCR (L) BDBV, EBOV, RESTV, EUA (FDA), EUAL (WHO) 
Kit 1.0 SUDV, TAFV 

Xpert Ebola Assay Cepheid RT-PCR (NP, GP} EBOV EUA (FDA), EUAL (WHO) 


Although some assays listed in this table target multiple filoviruses, EUA and EULA approval is not necessarily given to all 
of them. CDC, U.S. Centers for Disease Control and Prevention; ELISA, enzyme-linked immunosorbent assay; EUA, 
Emergency Use Authorization; EUAL, Emergency Use Assessment and Listing; FDA, U.S. Food and Drug Administration; 
LFI, lateral flow immunoassay; RT-qPCR, reverse transcription quantitative polymerase chain reaction; RT-PCR, reverse 
transcription polymerase chain reaction; WHO, World Health Organization. 

Adapted from Broadhurst MJ, Brooks TJG, Pollock NR. Diagnosis of Ebola virus disease: past, present, and future. Clin 


Microbiol Rev 2016;29(4):773-793; Cnops L, de Smet B, Mbala-Kingebeni P, et al. Where are the Ebola diagnostics from 
101 136 
last time? Nature 2019;565(7740):419-421. Refs. 


PREVENTION AND CONTROL 


Prevention 


Prevention of initial filovirus introductions into human populations is currently impossible 
due to the lack of understanding of filovirus reservoir hosts, host-to-human transmission 
dynamics, and the likely existence of inapparent human infections outside of the context of 
an ongoing FVD outbreak. However, the risk of filovirus infection can be mitigated through 
behavioral education. Avoidance of direct contact with wildlife (in particular, apes, bats, and 
duikers), caution during preparation of freshly hunted bushmeat, rejection of undercooked or 


uncooked meat, sexual abstinence or sexual intercourse using appropriate protection, and 
elimination of direct person-to-person contact with apparently sick individuals will decrease 
the risk of filovirus transmission. During ongoing FVD outbreaks, such behavioral education 
should be emphasized via local media and community outreach. Locals and anthropologists 
should be consulted to help modify cultural practices that are associated with increased 
filovirus transmission risk (e.g., embalming of bodies, handshaking) in community- 
acceptable ways. Health care personnel should always wear appropriate personal protective 
equipment, apply strict barrier nursing procedures, avoid reuse of any medical equipment in 
the absence of appropriate disinfection, and wear powered air-purifying respirators (PAPRs) 


or fit-tested N95 respirators during procedures that may generate virus-contaminated 
54 119 122 352 366 380 613 614 631 634 , 5 ‘ 2 5 oe 5 
aerosols. > » » *» *» *» *» * » Patient isolation until resolution of clinical signs for 


greater than 3 days and/or negative RI-qPCR testing, ideally in local ETUs staffed with 


' er “— . e422 825 
experienced infectious disease experts, greatly diminishes further filovirus transmission. ° 


Cadavers of FVD patients ought to be buried as soon as possible because they may contain 


viable filoviruses for up to 7 days after death. Any potentially contaminated, disposable 
material in the surrounding area of a patient or body should be autoclaved, irradiated, or 


bumed as filoviruses can stay viable in drying blood for up to 5 days. For dried blood, 5% 
peracetic acid can be used to inactivate filovirions. 


FDA has recently approved single vaccine for EVD prevention. Numerous candidate 


vaccines have been developed and shown promise in animal models of FVD. These 
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candidates include adenovirus, lyssavirus, ° 


102 105 509 840 846 
a a 2 a 


: 279 . : . 
orthopoxvirus, paramyxovirus, and vesiculovirus platforms that 


a 7 7 7 F P 5 322 480 508 759 837 
encode filovirus proteins, naked DNA vaccines that encode filovirus proteins, » ° ° ° 


and filovirion-like particles created by coexpression of recombinant filovirus NP, VP40, and 
487 714 784 786 Sts . . . . 
GP,> ’ ’ ’ A few promising candidate vaccines for the prevention of EVD are in 


various phases of clinical trials (Table 11.9). A few promising candidate vaccines for the 
prevention of EVD are in various phases of clinical trials (Table 11.9) with one of them, 


rVSVAG-ZEBOV-GP, now FDA-approved. The same candidate vaccine has been 
administered to more than 255,000 people at risk of EBOV infection during the currently still 
ongoing EVD outbreak in the Ituri and Nord-Kivu Provinces of COD. Preliminary evaluation 


-_— ‘ ; . 801 828 : 
indicates that the vaccine may be efficacious. » and the vaccine has recently been granted 
conditional marketing authorization by the European Medicines Agency. A second candidate 
vaccine, hAd26-ZEBOV-GP/MVA-BN-Filo, is currently administered in COD. 


TABLE 11.9 Examples for candidate vaccines for prevention of Ebola virus 


disease evaluated in clinical trials 


e rVSVAG-ZEBOV-GP 


© rVSVN4CT1-EBOVGP1 


© GamEvac-Combi 
¢ GamEvac-Lyo 


* hAdS-ZEBOV-GP 

e hAd26 ZEBOV-GP 
e hAd35 ZEBOV-GP 
e ChAd3-EBO Z GP 


Replication-competent 
recombinant vesicular 
stomatitis Indiana 
viruses (rVSIVs) 
expressing EBOV 
GP, 2 instead of VSIV 
glycoprotein (G) 


Replication-competent 
recombinant vesicular 
stomatitis Indiana virus 
(rVSIV) and human 
adenovirus 5 (hAd5) 
vectors expressing 
EBOV GP,» 


Replication-defective 
chimpanzee or human 
adenovirus vectors 
expressing EBOV GP, . 


I-III in numerous studies 
performed in at least 
10 countries with and 
without homotypic 
boosts; rVSVAG- 
ZEBOV-GP received 
conditional marketing 
authorization by the 
European Medicines 
Agency and FDA 
approval in the USA in 
December 2019 


I-IIl with and without 
homotypic boosts and 
with modified vaccinia 
virus Ankara (MVA) 
expressing EBOV GP, 2 
(MVA-BN-Filo or MVA- 
EBO-Z) boosts; hAd2é6- 


6,204,252,302,319, 
348,392,518,600,6 
25,828 


¢ Antibody titers resulting from 
single injection last >2 years 
rVSVAG-ZEBOV-GP submitted 
for WHO EUAL 
rVSVAG-ZEBOV-GP used to vac- 
cinate >255,000 people during 
the 2018-present EVD outbreak 
in COD 

Mild adverse effects such as 
arthralgia, fever, headaches, 
myalgia pain at injection site, 
vector viremia 


Pain at injection site 182 


161,213,392,443 44 
4,456,511,720,762, 
811,832,858 ,859 


¢ Pain at injection site (human 
vectors); fatigue, headaches, 
malaise, pain at injection site 
(chimpanzee vector) 

¢ Preexisting immunity to used 
human adenovirus vector is a 
common issue 


ZEBOV-GP/MVA-BN-Filo 
currently in use in COD. 


Treatment 


Currently, no FDA-approved filovirus-specific antivirals are available for the treatment of 
FVD. Regardless, FVD patients should receive aggressive supportive care to mitigate 
homeostatic imbalances. Pillars of supportive care include the standardized assessment, 
triage, and monitoring of vital signs, recognition and appropriate administration of oral or 
intravenous fluids to prevent and treat hypovolemic or septic shock, supplemental oxygen, 
laboratory monitoring and appropriate treatment of hypoglycemia and common electrolyte 
imbalance, the prevention and treatment of co- or secondary infections (with antimalarials 


and broad-spectrum antibiotics), and the relief of symptoms (acetaminophen for fever and 
‘ : ‘ , 130 145 344 437 469 657 756 825 
pain, antiemetics, sedation as needed). » » *» » » ° »* ‘Though not always the case, the 


will and capacity to routinely provide optimized supportive or standard of care (OSOC) are 
increasingly emphasized in African outbreak settings. 


Care of FVD patients who progress to MODS is extremely challenging in outbreak areas. 
Thus far, the utmost critical care (e.g., renal replacement therapy, mechanical ventilation) has 
been delivered routinely only in well-resourced US or European settings, though such care 


has been administered in extraordinary circumstances in Western 
7 26 141 243 303 375 438 542 708 736 756 813 829 . F 7 : : 

Africa. > > » > * » » » » » » Likewise, management of high-risk obstetric cases 

and children less than 5 years old with EVD remains a significant challenge, but population- 


specific care is being similarly emphasized and optimized to improve patient 


109 120 183 744 
outcomes. ° ° ” 


Numerous promising filovirus-specific candidate therapeutics have been evaluated in 


‘ a . ; é 831 os 
vitro and in animal models in vivo. Some of them have been administered to EVD patients 
under compassionate care protocols, but their safety and efficacy could not be established in 
these anecdotal settings. During the Western African outbreak, a number of clinical trials of 
varying design were initiated. Unfortunately, the only one that was designed to truly 
determine safety and efficacy (PREVAIL II randomized controlled trial [RCT]) failed to 
enroll the target number of patients to provide a definitive result. This trial did however, 
suggest that the monoclonal antibody cocktail ZMapp was superior to standard-of-care alone. 
Accordingly, ZMapp was chosen as the control arm for the PALM study, an RCT comparing 
the nucleotide analogue remdesivir, the single monoclonal antibody mAb114, and the 
monoclonal antibody cocktail REGN-EB3 to ZMapp. This study was prematurely stopped 


when the mAb114 and REGN-EB3 arms were shown to be superior to ZMapp. These two 
investigational products are now the treatments of choice for patients with EVD. Only a 
handful of candidate therapeutics have been or currently are evaluated in clinical trials, thus 
far, with unclear results (Table 11.10). Of note, an ongoing randomized clinical trial of four 
candidate therapeutics is enrolling patients in the EVD outbreak that at the time of writing 
was still ongoing in COD. 


TABLE 11.10 Candidate therapeutics in clinical trials for treatment of 


Ebola virus disease 


ge! 


mAb114 


Monoclonal ¢ Phase II randomized study ¢ Antibody isolated by from © Associated with myalgia, headache, 
antibody comparing drug with remde- a COD survivor? chills, nausea, arthralgia, fever, 
against EBOV sivir, REGN-EB3, and ZMapp_ * Single rapid infusion (30 shaking, nausea, vomiting, pain, diz- 
GP,2 prematurely terminated. minutes) ziness, dyspnea, hypo- or hyperten- 
mAb114 and REGN-EB3 © Currently, no dose-limiting sion, pruritus, rash, facial edema, 
are now the treatments of toxicity'*” diarrhea, tachycardia, or chest pain 
choice for EVD.*° 
REGN3470, Monoclonal ¢ Phase II-lIl randomized study © Single intravenous ¢ Associated with headache, myalgia, 
REGN3471, antibody comparing drug with remde- infusion dyspnea, chills, shaking, dizziness, 
REGN3479 cocktail sivir, mMAb114, and ZMapp ¢ Antibodies were isolated fainting, cough, hypotension, rash, 
(REGN-EB3) against EBOV prematurely terminated. from humanized mice hives, or swelling around the mouth, 
GP» REGN-EB3 and mAb114 are * Generally well tolerated'*” throat, or eyes 
now considered treatments 
of choice for EVD.'47535.69! 
¢ Available through extension 
phase of study 
Remdesivir Prodrug of ¢ Phase II randomized Does not require ¢ Requires monitoring of ALT/AST,; 
(GS-5734) adenosine study comparing drug refrigeration’? may not be available in limited 
nucleoside with REGN-EB3, mAb114, resource settings 
analog and ZMapp prematurely e Associated with transient constipa- 
terminated. REGN-EB3 and tion, heartbum, pruritus, dizziness, 
mAb114 are now considered loss of appetite, nausea, vomiting, 
treatments of choice for shaking, headache, loose stools, or 
EVD.5% upset stomach 
ZMapp Monoclonal © Trend in efficacy from phase Showed the potential ¢ Long IV infusion duration under 
antibody | trial in Western Africa’’* for mAb cocktails like supervision'4” 


cocktail (c2G4, 
c4G7, c13C6) 

against EBOV 

GP; 2 


Phases IIA randomized 
study comparing drug with 
REGN-EB3, mAb114, and 
remdesivir prematurely termi- 
nated. REGN-EB3 and mAb 
114 now considered treat- 
ments of choice for EVD.14725 


REGN-EB3 to be effective 
against EVD.2"' 


COD, Democratic Republic of the Congo; mAb, monoclonal antibody. 


PERSPECTIVE 


Requires cold chain'* 

Antibodies were isolated from 
immunized mice?5? 

Erythema, tachycardia, chills, hypo- 
or hypertension, pruritus 


Since the discovery of MARV in 1967 until 2012, filoviruses were largely considered exotic 
tropical pathogens with little overall public health impact. This view changed dramatically 
during the 2013-2016 Western African EVD outbreak, which demonstrated that filoviruses 
can infect tens of thousands of individuals and be inadvertently exported globally. Results 
from recent studies, performed with international urgency, illuminated many forgotten or 
novel aspects of filovirus infection (e.g., filovirus persistence in immune-privileged sites, 
frequent sequelae in survivors, sexual transmission). In addition, these results greatly 
advanced the repertoire of potential MCMs (e.g., EUA-/EULA-approved diagnostic tests, 
two candidate vaccines in the field, and two standard-of-care therapeutics). Nevertheless, true 
control of FVD, let alone complete FVD prevention, remains a remote prospect. The still 
very fragmented understanding of filovirus ecology, including the lack of identified viral 
host(s) and potential vectors, makes prediction of hot spots of filovirus-human interfaces 
difficult. The socioeconomic, logistic, and infrastructural shortcomings in potentially 
filovirus-endemic or filovirus-epidemic areas continue to pose immense challenges to 


outbreak responders and to hinder performance of clinical trials. In some FVD outbreaks, 
ongoing strife within epidemic regions can foster mistrust of existing institutions. As foreign 
responders align themselves with the host government to contain the outbreak, mistrust of 
government may morph into mistrust of the offered foreign assistance. Cultural norms, 
linguistic diversity, and differences in disease concepts held by traditional healers and 
western medicine create cognitive dissonance in the community that also contributes to 
resistance of foreign assistance. A combination of scientific advances, investment in 
infrastructure, and social anthropology will hopefully be brought to bear in future outbreaks. 


FOOTNOTE 


Country and geographic region nomenclature (including country abbreviations) was 
standardized throughout according to the United Nations geoscheme 
(https://unstats.un.org/unsd/methodology/m49/). Gene and protein names were standardized 
throughout according to the most recent nomenclature of the HUGO Gene Nomenclature 
Committee (https://www.genenames.org/). Mammal and mammal species names were 
standardized throughout following recommendations in Wilson and Reeder’s Mammal 
Species of the World, third edition 
(https://www.departments.bucknell.edu/biology/resources/msw3/). 
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INTRODUCTION 


The Paramyxoviridae are important and ubiquitous disease-causing viruses of humans and 
animals, including one of the most infectious viruses known (measles virus [MeV]); some of 
the most prevalent viruses known (MeV, parainfluenza viruses, and mumps virus [MuV]); a 
virus that has been targeted by the World Health Organization for eradication (MeV) and the 
second virus successfully eradicated (rinderpest virus [RPV]); viruses that have a major 
agricultural impact (Newcastle disease virus [NDV] and Nipah virus [NiV]); and many 
recently identified viruses (Hendra virus [HeV], NiV, J virus, and Belong virus), some of 
which cause deadly diseases (HeV and NiV). The Paramyxoviridae are enveloped negative- 
strand RNA viruses that have special relationships with three other families of negative- 
strand RNA viruses, namely, the Orthomyxoviridae (for the biological properties of the 
envelope glycoproteins) and the Pneumoviridae and Rhabdoviridae (for the similarity of 
organization of the nonsegmented genome and its expression). Both the Paramyxoviridae 
and the Pneumoviridae are defined by having a fusion (F) protein that causes merger of viral 
and cell membranes at neutral pH. The genomic RNA of all negative-strand RNA viruses has 
to serve two functions: (a) as a template for synthesis of mRNAs and (b) as a template for 
synthesis of the antigenome (+) strand. Negative-strand RNA viruses encode and package 
their own RNA-dependent RNA polymerase (RdRP), but mRNAs are only synthesized once 
the virion has been uncoated in the infected cell. Viral replication occurs only after the 
synthesis of viral mRNAs and proteins has been initiated and requires the continuous 
synthesis of viral proteins. Newly synthesized antigenome (+) strands serve as the template 
for further copies of the (—) strand genomic RNA. 


CLASSIFICATION 


According to the February 2019 classification accepted by the International Committee on 
the Taxonomy of Viruses, the family Paramyxoviridae is grouped into seven genera: 
Morbillivirus, Henipavirus, Respirovirus, Rubulavirus, Avulavirus, Aquaparamyxovirus, and 
Ferlavirus (Table 12.1). This organization was originally developed based on_ historic 
classification criteria such as morphologic features, genome organization, and biological 
activities of individual proteins and further refined based on sequence relationships after an 
increasing number of genome sequences became available. However, the recent discovery of 
numerous new paramyxoviruses has prompted a proposal for taxonomic reorganization 
driven by novel, sequence-based demarcation criteria including RdRP sequence motifs and 
pairwise amino acid sequence comparison to negotiate inconsistencies that arose from the 
historical classification approach.*°’ This initiative organizes the Paramyxoviridae into four 
subfamilies, the  Avulavirinae, = Rubulavirinae, Orthoparamyxovirinae, and 
Metaparamyxovirinae (Table 12.2), that contain a combined total of 14 different genera with 
69 classified and 3 unassigned species. The future discovery of additional new 
paramyxoviruses is highly likely.°?° 


TABLE 12.1 Classification of the Paramyxoviridae family, ICTV 2018 


Family Genus Type Species (Virus Name) 


Paramyxoviridae « Aquaparamyxovirus ........... Salmon aquaparamyxovirus 
(Atlantic salmon paramyxovirus) 


TAVIBAUITUS: cscs ssp Avian avulavirus 1 (Newcastle disease virus) 
Ferlavirus 200......00000..ccece2---- Reptilian feriavirus (fer-de-lance virus) 
Henipavirus  o..... eee eeseeeseeees Hendra henipavirus (Hendra virus) 
Moprbillivirus 00.0. Measles morbillivirus (measles virus) 
FRASPITOVITES: ccccesnzsecsessucsars Murine respirovirus (Sendai virus) 
Frubulavitgs® ee eee n ne Mumps rubulavirus (mumps virus) 


TABLE 12.2 Proposed reorganization of the Paramyxoviridae 


Family Subfamily Genus Type Species (Virus Name) 
Paramyxoviridae Avulavirinae Orthoavulavirus .............--.-+- Avian avulavirus 1 (Newcastle disease virus) 
Metaavulavirus 00.0.0... sis Avian avulavirus 2 (avian paramyxovirus 2) 
Paraavulavirus ........c0ce00+ Avian avulavirus 3 (avian paramyxovirus 3) 
Rubulavirinae Orthorubulavirus  ...........2.- Mumps rubulavirus (mumps virus) 
| ; Metarubulavirus ..................- Menangle rubulavirus (Menangle virus) 
Orthoparamyxovirinae RSPIFOVITUS ........ceeeeceseeees Human respirovirus 1 (human parainfluenza virus 1) 
Aquaparamyxovirus ........... Salmon aquaparamyxovirus (Atlantic salmon paramyxovirus) 
Ferlavirus Reptilian ferlavirus (fer-de-lance virus) 
Henipavirus Hendra henipavirus (Hendra virus) 
Jeilongvirus . Beilong jeilongvirus (Beilong virus) 
Narmovirus Nariva narmovirus (Nariva virus) 
Morbillivirus . Measles morbillivirus (measles virus) 
Salemvirus Salem salemvirus (Salem virus) 


Metaparamyxovirinae __. Synodonvirus  _.......... Synodus synodonvirus 


(Weénling triplecross lizardfish paramyxovirus) 


The distinguishing morphologic feature among enveloped viruses for the family 
Paramyxoviridae is the size and shape of the nucleocapsids (variable among different family 
members; approximate length is 1 zm, diameter and pitch range from 18—20 nm and 4.7-8.3 
nm, respectively), which have a left-handed helical symmetry. Historic biological 
organization criteria are (a) antigenic cross-reactivity between members of a genus and (b) 
the presence or absence of neuraminidase (NA) activity. In addition, the differing coding 
potentials of the P genes were considered—members of the Avulavirinae, Rubulavirinae, and 
Metaparamyxovirinae and the genus Ferlavirus do not encode a C protein—and some 
Rubulavirinae and Jeilongviruses contain an extra SH gene. Most closely related to the 
Paramyxoviridae are the Pneumoviridae, which until recently were jointly classified in a 
single family. Pneumoviruses (respiratory syncytial viruses [RSVs] and_ the 
metapneumoviruses) can be distinguished from the Paramyxoviridae based on their narrower 
nucleocapsids, a greater number of open reading frames (ORFs) in the genomes, and a 
different structural organization and functional role of their attachment proteins. 


THE STRUCTURE AND REPLICATION 
STRATEGY OF THE PARAMYXOVIRIDAE 


Paramyxoviruses contain nonsegmented single-stranded RNA genomes of negative polarity 


and replicate entirely in the cytoplasm. Their genomes are 14,296 to 21,523 bp in length and 
harbor six (Avulavirinae, most Orthoparamyxovirinae, Metarubulavirus genus) to eight 
(Jeilongvirus genus) tandemly linked genes. By the convention used for paramyxoviruses, 
the term “gene” refers to the genome sequence encoding a single MRNA, even if that mRNA 
contains more than one ORF and encodes more than one protein. A lipid envelope containing 
two surface glycoproteins (F and the attachment glycoprotein variously called 
hemagglutinin-neuraminidase (HN), hemagglutinin (H), or glycoprotein (G)) surrounds the 
virions. Inside the envelope lies a helical nucleocapsid core containing the RNA genome and 
the nucleocapsid (N), phosphoprotein (P), and large (L) proteins, which initiate intracellular 
transcription and replication. Residing between the envelope and the core is the viral matrix 
(M) protein that serves as a virion assembly organizer and is released from the core during 
virus entry. In addition to the genes encoding structural proteins, paramyxoviruses express 
“accessory” proteins that are encoded in alternative reading frames overlapping with the P 
gene. 


Intracellular replication of paramyxoviruses begins with the viral RdRP (minimally, a 
hetero-oligomeric complex consisting of a P homotetramer and a single L protein) 
transcribing the N-encapsidated genomic RNA (N-RNA) into 5'-capped and 3’ 
polyadenylated mRNAs. In transcriptase mode, the viral RdRP initiates RNA synthesis at the 
3’ end of the genome and transcribes the genes into mRNAs in a sequential (and polar) 
manner by terminating and reinitiating at each gene junction. The junctions consist of a gene- 
end (GE) sequence, at which polyadenylation occurs by the reiterative copying of four to 
seven uridines (followed by release of the mRNA), a short nontranscribed intergenic (IG) 
region, and a gene-start sequence that specifies mRNA initiation and, presumably, by analogy 
with rhabdovirus gene expression, capping. While RdRP generates predominantly 
monocistronic viral MRNAs, it occasionally misses GE sequences resulting in the synthesis 
of polycistronic mRNAs, of which only the first gene is translated. In addition, the RdRP 
sometimes fails to reinitiate transcription at a gene-start sequence and/or detaches from the 
template N-RNA prematurely, resulting in the creation of an mRNA transcription gradient 
that is inversely proportional to the distance of the gene from the 3’ end of the genome. After 
primary transcription and translation, when sufficient amounts of unassembled N protein 
have accumulated in the infected cell, the RdRP can switch into replicase mode, becoming 
highly processive and concomitantly N-encapsidating the nascent RNA chain while ignoring 
all IG junctions and editing sites. The resulting product is an exact complementary 
antigenomic [+] RNA chain of the viral genome in a fully assembled nucleocapsid. 


VIRION STRUCTURE 


The Paramyxoviridae contain a lipid bilayer envelope that is derived from the plasma 
membrane of the host cell in which the virus is grown (reviewed in Ref.°°). Paramyxoviridae 
are generally spherical, 150 to 350 nm in diameter, but can be pleiomorphic in shape, and 
filamentous forms exceeding one micron in length have been observed.*°° Inserted into the 
envelope are glycoprotein spikes that extend approximately 8 to 12 nm from the surface of 


the membrane and can be readily visualized by electron microscopy (EM). Inside the viral 
membrane is the ribonucleoprotein (RNP) core that contains the 14,296 to 21,523 (depending 
on paramyxovirus species) nucleotide single-stranded RNA genome. Figure 12.1 shows a 
stylized schematic diagram of the virion by example of the Morbillivirus genus. The 
pleiomorphic nature of virion particles is illustrated in the negative-stain electron 
micrographs and cryoelectron microscopy (cryo-EM)-derived tomograms shown in Figure 
12.2, and a comparison of the RNPs of influenza virus, rabies virus, and Sendai virus (SeV) 
is shown in Figure 12.3. 
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FIGURE 12.1 Schematic diagram of a paramyxovirus (not drawn to scale). 
Shown are the lipid envelope and the underlying viral M protein array. Inserted 
into the envelope are the attachment protein (hemagglutinin [H], hemagglutinin- 


neuraminidase [HN], or glycoprotein [G] depending on virus species) and the F 
protein. The relative abundance of attachment and F proteins is not accurately 
illustrated by the diagram. The attachment proteins form tetrameric structures 
composed of a stalk region and a globular head. The F proteins exist as trimers. 
The ribonucleoprotein (RNP) complex is composed of the negative-strand viral 
RNA genome encapsidated by the N protein. Associated with the RNP are RNA- 
dependent RNA polymerase (RdRP) complexes, consisting of the L and P 


proteins. 
(Images copyright © 2019 by Richard K. Plemper and Robert M. Cox.) 
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FIGURE 12.2 Electron microscopy images of paramyxoviruses. A: 
Ultrastructure of PIV-5 virions revealed by negative staining. The glycoprotein 
spikes on intact 150- to 300-nm virus particles can be observed (226,280). B: 
Negatively stained PIV-5 nucleocapsid (74,570x). C and D: Cryoelectron 
tomography (cryo-ET) (C) and 3D segmentation of the cryo-ET data (D) 
provided detailed insights into the organization of a MeV virion budding from 


infected cells.2°° Scale bars represent 100 nm. (Images of budding MeV and 
corresponding 3D segmentation were modified from Ke Z, Strauss JD, Hampton 


CM, et al. Promotion of virus assembly and organization by the measles virus 
matrix protein. Nat Commun 2018;9(1): 1736, CC BY 4.0; the original image 
was cropped, scale bars were relocated, and arrows were removed; 
http://creativecommons.org/licenses/by/4.0/.) 
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FIGURE 12.3 Nucleocapsids of negative-strand RNA viruses. Negative-stain 
electron micrographs of the nucleocapsids of three negative-strand RNA viruses. 


Top: Ribonucleoprotein particles of influenza virus (Orthomyxoviridae) with a stoichiometry 
of 24 nucleotides per NP monomer. 


Middle: Nucleocapsids of rabies virus (Rhabdoviridae) with a stoichiometry of 9 nucleotides 
per N monomer. 


Bottom: Nucleocapsids of SeV (Paramyxoviridae) with a stoichiometry of 6 nucleotides per 
N monomer. All micrographs have the same magnification; scale bar is 100 nm. 
(Micrographs courtesy of Rob Ruigrok, EMBL, Grenoble, France.) 


The helical nucleocapsid, rather than free genome RNA, serves as the template for all 
RNA synthesis. For SeV, each nucleocapsid is composed of approximately 2,600 N, 300 P, 
and 50 L proteins.*°! The N protein and genomic RNA together form a core structure, to 
which the P-L complexes are attached. This nucleocapsid core is remarkably stable because it 
withstands the high salt and gravity forces of CsCl density gradient centrifugation. In the EM 
of nucleocapsids and more recent cryoelectron tomography (cryo-ET) reconstructions, the P 
and L proteins are not observed, and they have only been visualized through 
immunostaining.*°” Holonucleocapsids (N-RNA plus P-L) have the capacity to transcribe 
mRNAs in vitro, presumably mimicking primary transcription in infected cells, and they are 
believed to be the minimum unit of infectivity. 


SeV nucleocapsids were shown to exist in several distinct morphologic states at normal 
salt concentration.'°°*!° The most prevalent form in negatively stained preparations is the 
most tightly coiled one, with a helical pitch of 5.3 nm. Two other forms, one with a slightly 
larger pitch of 6.8 nm and another with a much larger pitch of 37.5 nm, have also been noted. 
The fact that no structures of intermediate pitch have been found indicates that these are 
distinct states. It is believed that the template is copied without dissociation of N protein from 
the nucleocapsid, routing the interlocking N protein chain over the surface of the P-L 
complex as the polymerase advances. Local uncoiling of the nucleocapsid may be necessary 
for the polymerase to gain access to the RNA bases. It is possible that the viral polymerase 
traverses the nucleocapsid template by uncoiling the helix in front of it and recoiling it once 
the polymerase has passed a given position, much the same as cellular RNA polymerase 
generates its template “bubble” in traversing dsDNA. 


As expected, the diameter of the nucleocapsid decreases as the pitch increases and the 
nucleocapsid lengthens. For SeV, the diameter is 3.5 nm less for the 6.8-nm form than for the 
5.3-nm pitch form. These latter values are similar to those of Pneumoviridae nucleocapsids, 
which also have a pitch of 7 nm. As discussed previously, these differences in nucleocapsid 
morphology can be used to distinguish between the Paramyxoviridae and Pneumoviridae, 
but they may relate simply to which form predominates in negatively stained preparations. 


THE PARAMYXOVIRIDAE GENOMES AND 
THEIR ENCODED PROTEINS 


The complete genome sequences for all known members of the Paramyxoviridae have been 
obtained and are available online. The genomic RNAs contain a 3’ extracistronic region of 
approximately 50 nucleotides known as the leader and a 5’ extracistronic region of 50 to 161 
nucleotides known as the trailer (or [-] leader). These control regions are essential for 
transcription and replication and flank the six to eight genes. The coding capacity of the 
genomes is extended by the use of overlapping ORFs in the P gene. The gene order of 
representative paramyxoviruses is shown in Figure 12.4. At the beginning and end of each 
gene are conserved transcriptional control sequences that are copied into MRNA. Between 
the gene boundaries are IG regions. These are precisely three nucleotides long for the 
respiroviruses and morbilliviruses but are quite variable in length for the Rubulavirinae (1— 
47 nucleotides) (Table 12.3). 
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FIGURE 12.4 Schematic diagram of the genomes of selected viruses 
representing each genus of the Paramyxoviridae. Intergenic junctions are shown 


as single black lines; transcribed sections are depicted as boxes drawn to 
approximate gene length scale and color-coded by encoded protein type: N 
proteins (orange), P proteins (green), M proteins (light blue), F proteins (red), 
attachment proteins (pink), and L proteins (dark blue). When present, SH 
proteins are shown in red. Uncharacterized proteins are colored in gray. For 
Jeilongvirus genus, X denotes an internal ORF in the G gene of unknown 
function. Hypothetical proteins (h.p.) predicted based on the complete genome of 
the newly discovered Synodonvirus genus are indicated. Bipartite promoters 
(oval circle) and transcriptional gene end (crossed circle) and transcription gene 


start (black arrow) sequence are shown for NDV only. 
(Images copyright © 2019 by Richard K. Plemper and Julien Sourimant.) 


TABLE 12.3 Gene-end, Gene-start, and intergenic sequences in 


representative members of the Paramyxoviridae 


The Nucleocapsid Protein 


The nucleocapsid (N) protein is present as the first transcribed gene in the viral genome of all 
paramyxoviruses and ranges in size from 489 to 553 amino acids (molecular weight ~53—57 
kDa). N is an RNA-binding protein that coats full-length viral (—) sense genomic and (+) 
sense antigenomic RNAs to form the helical nucleocapsid template, which is the only 
biologically active form of these viral RNAs. EM and _ three-dimensional image 
reconstruction for MeV, parainfluenza virus 5 (PIV-5), and SeV nucleocapsids reveals that N 
binds precisely 6 consecutive nucleotides and 13 N subunits constitute each turn of the 
nucleocapsid helix.®1°?-'%° In general, these parameters also apply to other paramyxovirus 
nucleocapsids, although there can be slight differences in the number of N subunits per helix 
turn and in the pitch of the helix.*” The binding of N to RNA to form a helical structure is 
believed to serve several functions, including protection from nuclease digestion, alignment 
of distal RNA segments to create a functional 3’-end promoter, and providing interaction sites 
for assembly of progeny nucleocapsids into budding virions. 


Expression of paramyxovirus N proteins in the absence of other viral components results 
in the formation of nucleocapsid-like structures, suggesting that N has inherent self-assembly 
properties and that N—N interactions drive nucleocapsid assembly.'©%-29°387,403,529,957 
Biochemical and mutational studies have shown that the N protein can be generally divided 
into two main structural regions: (a) Ncore, an N-terminal domain representing 
approximately three-fourths of the protein that is conserved in sequence among related 
viruses, and (b) Ntail, a C-terminal nonconserved acidic domain. The N-terminal 
approximately 400 residues of the SeV and MeV Nceore are essential for self-assembly and 


RNA binding.5>!11,271 


A cryo-EM-based reconstruction of purified MeV nucleocapsids after removal of the 
Ntail domain has revealed an organization of Ncore into two distinct globular domains, the 
N-terminal NTD (residues 37-265) and C-terminal CTD (residues 266-372), which are 
preceded and followed by short NT-arm (residues 1—36) and CT-arm (residues 373-391) 
extensions, respectively (Fig. 12.5A—C).'%° In the nucleocapsid assembly, the NT-arms 
interlock with the CTD of the subsequent N protomer, and CT-arms interact with the 
preceding protomer, creating a stable chain link—like arrangement. Although Ntails were 
removed prior to reconstruction, the position of the CT-arm suggests that Ntails protrude to 
the outside of the nucleocapsid between adjacent rungs of the helix. The RNA populates a 
cleft between NTD and CTD, winding around the outside of the RNP helix (Figs. 12.5D, E 
and 12.6A).'°° However, paramyxovirus N proteins do not contain conventional RNA- 
binding motifs that are typically found on cellular RNA-binding proteins. Biophysical 
properties are furthermore unusual for RNA-binding proteins, since they feature an overall 
acidic charge (net charge of —7 to -12, with the exception of MuV [+2]). A central region of 
Neore that is highly conserved among all members of the family (residues 258-369 for SeV) 
contains an F-X4-Y-X3-@-S-@-A-M motif (where X is any residue and @ is an aromatic 
amino acid). This region is essential for self-assembly of N with RNA*®°° and important for 
N-RNA interactions.® 193349 
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FIGURE 12.5 Structure of the paramyxovirus N protein and RNP assembly. 


A: Schematic of the domain organization of the N protein. NT-arm (blue) and CT-arm (red) 
are responsible for N-N homo-oligomerization. RNA is encapsidated between NTD (light 
blue) and CTD (pink). The C-terminal Ntail domain is flexible and disordered. 


B: Cryoelectron microscopy structure of the MeV nucleocapsid (PDB ID: 4UFT).'%° The 
structure is based on a truncated N protein (residues 1-391) and lacks Ntail. Insert: Single N 
protomer. The NTD (light blue) and CTD (pink) domains and viral RNA (black) are 
highlighted. 


C: Crystal structure of the PIV-5 N protein lacking the Ntail domain. The domain 
architecture is similar to MeV N, color-coding as in (B). 


D and E: Enlarged views of three neighboring protomers, taken from outside (D) or inside 


(E) the helical RNP. NT-arm of N() interacts with an adjacent Niy+4), while CT-arm interacts 
with the other neighboring Ncy_1) monomer. Color-coding of the arms as in (C). (Images 
copyright © 2019 by Richard K. Plemper and Robert M. Cox.) 
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FIGURE 12.6 N-RNA binding and N°_P interaction. The N-terminus of the P 
protein is responsible for chaperoning newly synthesized N proteins to the 
nascent RNA strand during replication. Crystal structures of these N°_p 
complexes have been solved.*:!92,541 A: Cartoon of an assembled helical 
nucleocapsid with intact Ntails (not drawn to scale). The Ntail domain is 
proposed to extend from the helical nucleocapsid into the surrounding 
environment.2?! Insert: Enlargement of a single N protomer; major folding 
domains, the tail domain, and the RNA are highlighted. C: Left, surface 
representation of an MeV N protomer in the RNP assembly with the NT-arm of 
the neighboring N protomer shown in blue; top, surface representation of an 
MeV N2-P crystal structure (complex [PDB ID: 5E4V]!97). D: Cartoon 
representation of overlays of MeV NO_p (NTD, light blue; CTD, pink; P, green) 
and NC model (light gray). The N-terminus of P (P;_4g) interacts specifically 
with the first and second helices of the CTD of N (a-9 and a-10; arrow). This 
interaction blocks NT-arm interactions from neighboring N subunits, preventing 
premature N-N oligomerization. In addition, binding of P 4g induces a 
conformational change in the a-6 helix of the NTD, blocking RNA 


encapsidation. (Images copyright © 2019 by Richard K. Plemper and Robert M. 
Cox.) 


The approximately 125—amino acid C-terminal Ntail region is intrinsically structurally 
disordered*? and poorly conserved among different paramyxoviruses. It is dispensable for 
RNA binding and the assembly of N-RNA complexes.''! While Ncores are resistant to 
trypsin proteolysis, treatment of purified nucleocapsids with trypsin removes most of Ntail, 
resulting in bioinactive, rigidified RNP helixes with a shortened pitch of 5 nm compared to 
the native 6.4-nm form detected in infected cells.27%2%!15299.377,5°9 This apparent link 
between the physical presence of Ntail and flexibility of the native nucleocapsid is consistent 
with Ntail being routed between adjacent turns of the helix. Supported by the high degree of 
structural disorder, a role of Ntail in a diverse array of protein—protein interactions was 
proposed. For instance, three short conserved sequence elements (Boxes 1—3) are embedded 
in Morbillivirus Ntails, spanning residues 400 to 420, 489 to 506, and 517 to 525 (Fig. 
12.6A).'°° The second of these elements, termed a molecular recognition element (MoRE), 
has been shown to interact with a C-terminal X domain of the P protein (P-XD), undergoing 
an induced conversion into a short alpha helical structure upon contact.40.197252.679 A crystal 
structure of a recombinant MeV P-XD fused to a MoRE-derived peptide was solved, 
revealing a stable four-helix arrangement.*”? This interaction with P appeared to support a 
proposed role of Ntail in recruiting P-L to the nucleocapsid, since a C-terminal truncation of 
residues 495 to 525 had been shown to abolish RdRP activity in MeV minireplicon reporter 
assays.°°” However, further truncation of the MeV Ntail by up to 40 additional residues has 
been unexpectedly shown to progressively restore polymerase activity, indicating that initial 
loading of the RdRP complex onto the template occurs independent of interaction between 
Ntail and P-L.?°? Rather, recruitment of the RdRP complex to the RNP is thought to depend 
on direct interactions between P-L and Ncore.°°? While specific microdomains involved in 
this interaction are unknown, binding of MuV P to Ncore was demonstrated.!0):27! 


Once the polymerase complex is loaded onto the template, iterative cycles of MoRE to P- 
XD binding and release contribute to preventing premature termination of the advancing 
RdRP.°”*’!229 These productive interaction cycles are independent of spatial flexibility 
provided by Ntail-embedded MoRE and cis-acting elements in Ntail, since recombinant 
MeVs expressing engineered N proteins in which MoRE was relocated from Ntail into Ncore 
replicated efficiently.!°* However, these engineered MeVs and likewise recombinant canine 
distemper viruses (CDVs) containing N proteins lacking up to 55 of the structurally 
disordered central Ntail residues showed altered RdRP transcriptase function, implicating 
Ntail in regulating proper viral protein expression.°** A nonessential role of the structurally 
disordered Ntail section was also confirmed for the related henipaviruses,°** although the 
relative positioning of N—P interaction regions within Ntail differs between the henipaviruses 
and morbilliviruses (Fig. 12.6A).'% 


In the case of MeV, two serine-phosphorylation sites (S479 and S510) located before and 
after MoREs have been mapped that, when mutated to alanines, affect RdRP bioactivity.!%° 
Both the second and third conserved elements at the Ntail C-terminus were furthermore 
proposed to bind the cellular chaperone HSP72 and its cofactor HSP40,!0? opening an 
additional path to regulate RdRP activity by modulating the stability of the Ntail P-XD 
interaction. Residues in the third conserved element in addition interact with the viral matrix 
(M) protein, outlining a role of Ntail in virion assembly through creation of a link between 
RNP and viral envelope.2*>-4° 

The interactions of paramyxovirus N proteins with RNA are remarkably stable, and 
nucleocapsid-associated RNA is protected from nucleases even at very high salt 
concentrations or after proteolytic removal of the Ntail domain.2°9°’7°79 N binding to RNA 
is believed to be independent of nucleotide sequence and thought to occur through 


interactions with the phosphodiester backbone.*** However, the MeV RNP reconstructions 
have revealed that of the six nucleotides interacting with a single N protomer, only the first, 
fifth, and sixth bases are orientated outward and therefore accessible to viral RdRP, while the 


second to fourth bases face inward.°*!92°° Encapsidation therefore imprints a hexamer 
phase on the viral RNA that is consistent with the earlier finding that SeV RNPs are 
hyperreactive to chemical treatment of cytidine residues predicted to be located at positions 
one and six of a hexamer of nucleotides.*** Correct imprinting is ensured by the bipartite 
organization of the paramyxovirus promoter, which allows formation of a functional 
promoter only when nucleotides of the distinct promoter elements are properly juxtaposed 
next to each other in consecutive turns of the RNP helix.!#°369.987,618 


N protein exists in at least two forms in infected cells, one stably associated with RNA in 
a nucleocapsid structure and a second unassembled soluble form termed N°, which has been 
found associated with P in N°-P complexes for a number of viruses, including SeV,**? PIV-5 
(SV5),*”* HPIV-2 and HPIV-3,40°°! and MeV.231°°7 N® is believed to be the RNA-free 
functional form of N that allows accumulation of a large pool of RNA-free N in an infected 
cell before the viral RdRP switches to replicase mode.!!*7*° N-terminal regions of Ncore are 
important for formation of the N°-P complex,**° and these domains are distinct from those 
involved in binding of P to N in the assembled nucleocapsid. A crystal structure of a MeV 
Necore fragment (residues 21—408) fused to the first 48 amino acids of P supports comparison 


of RNA-bound and RNA-free N proteins.'%* In this structure, the P residues directly interact 
with the first alpha helix in the CTD of the N protein, partially occupying space claimed by 
the NT- and CT-arms of Ni-1 and Ni+1 of an Ni protomer in RNP assembly (Fig. 12.6C, D). 
Conceivably, steric hindrance mediated by P residues 1 to 48 prevents spontaneous N homo- 
oligomerization when in N°-P complexes. 


The P Gene and Its Encoded Proteins 


The Paramyxoviridae P gene is a remarkable example of expanding the coding capacity 
within a viral gene. The SeV P/V/C gene is the most diverse of the paramyxovirus P genes, 


directing the expression of at least seven polypeptides, including the P, V, W, C’, C, Y1, and 
Y2 proteins (Fig. 12.7). Although other paramyxoviruses express fewer proteins from the 
P/V/C gene than SeV, the P gene always produces more than one polypeptide species (Table 
12.4). Expression of P/V/C proteins can involve two main mechanisms, with members of a 
paramyxovirus genus having a characteristic combination of these expression strategies. The 
first expression mechanism that produces the P, V, and W/I/D proteins has been termed 
“RNA editing” or pseudotemplated addition of nucleotides.’°2°4*85°°.68 This mechanism 
involves the production of mRNAs whose ORFs are altered by insertion of G residues at a 
specific position in the mRNA. As described below, the second expression mechanism 
involves ribosome initiation at alternative translation codons and produces the family of C 
proteins. 
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FIGURE 12.7 Representation of the Sendai virus P mRNA to illustrate the 
mechanisms of producing P, V, and C proteins. The positions of four unique 
initiation codons for the C’, C, Y1, and Y2 ORFs are shown above the horizontal 
black line representing the P gene MRNA. The position of the common initiation 
codon for the P, V, and W ORFs at base 104 is shown below the mRNA. The 
gray cylinder indicates the V protein Cys-rich C-terminal domain that is fused to 
the shared P N-terminal domain by addition of a G residue during viral 
transcription; the black cylinder indicates the short W domain, which is accessed 
by insertion of 2G residues. Numbers denote the amino acids contained within 


each polypeptide chain. Note that the initiation codon for C’ is ACG. 
(Images copyright © 2006 by G.D. Parks and R.A. Lamb.) 
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The P and V proteins, as well as virus-specific proteins variously called W, I, and D, are 
produced as a nested set of proteins sharing identical N-terminal sections. These polypeptides 
are translation products from distinct mRNAs that differ only by inserted G nucleotides that 
shift the translational reading frame at the site of insertion, the editing site. As shown in 
Figure 12.7, the P gene of the Avulavirinae and members of the Respirovirus, Morbillivirus, 
and Henipavirus genus codes for a long N-terminal ORF shared by all three proteins and 
three shorter ORFs starting at approximately base 400 in the mRNA. During transcription of 


the nucleocapsid template, the viral RdRP is directed to make an accurate copy of the P gene 
template or to insert one or two G residues at the editing site in the nascent MRNA. The 
result is that the accurate transcription product encodes the full-length P ORF, while the 
mRNAs with insertions of +1G and +2G have a shift in the translational ORF such that the 
5’-end P ORF is fused at the site of insertion in the mRNA coding sequence to a more 3’ ORF 
encoding V (+1G) or W (+2G). Thus, the P, V, and W/I/D proteins that are produced as a 
result of RNA editing share a common N-terminal region but differ in their C-terminal 
regions, starting at the site of G insertion. 


All paramyxoviruses except Cedar virus and HPIV-1°°° encode a characteristic editing 
site in the P gene, and the number of inserted G residues, as well as the frequency of 
inserting G nucleotides, is thought to be determined by both sequences surrounding and 
within the editing site*°* and the position of the editing site relative to the hexamer phase of 
the encapsidated genome.*’”°"° For example, Sendai and MeV encode the P protein as the 
translation product from the unedited mRNA (+0G; Fig. 12.8). The V protein is produced 
from a transcript containing a single G residue at the insertion site (+1G), which fuses the 
common N-terminal ORF to the V-specific ORF, whereas two inserted G nucleotides code 
for the W protein (+2G). As depicted in Figure 12.8, Rubulavirinae differ from other 
paramyxoviruses in that V protein is produced by translation of the unedited mRNA (+0G) 
and P is produced by translation of an mRNA containing a two G insertion (+2G). 
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adapted from G.D. Parks and R.A. Lamb 2006. with permission © 
FIGURE 12.8 Schematic diagram of P gene ORFs accessed through RNA 


editing by different paramyxoviruses. The shared N-terminal ORF is shown as a 
light green box. The RNA editing site, at which nontemplated nucleotides are 
added to the mRNA, is indicated by the vertical line. At the bottom, RNA 
transcripts are shown to contain insertions of up to two additional G residues at 
the editing site, with colored boxes indicating unique C-terminal ORFs fused to 
the common N-terminal ORF. For the Orthoparamyxovirinae and Avulavirinae, 
the mRNA for the P protein is transcribed faithfully (unedited) from the viral 
genome and is shown as a light green box fused to a dark green box. 
Transcriptional RNA editing with the addition of one G nucleotide at the editing 
site produces an MRNA that encodes the V protein, in which the common N- 
terminal domain is fused to a different C-terminal frame, represented in yellow 
box. Addition of two G nucleotides at the editing site produces an mRNA that 
encodes the W (blue box) or D (pink box) or I proteins (depending on 
paramyxovirus species). For the Rubulavirinae, the unedited mRNA encodes the 
V protein, the addition of either one or four G nucleotides produces mRNA 
encoding the W or I protein, and the addition of two G nucleotides produces the 


mRNA encoding the P protein. 
(Adapted from G.D. Parks and R.A. Lamb, 2006, with permission ©) 


Insertion of G residues into P gene mRNA transcripts is a cotranscriptional event 
catalyzed by the viral RdRP®® and is usually limited to insertions of between zero and 
two nucleotides, depending on the virus. Relative abundance of the different P gene mRNA 
species often rapidly declines with the number of nucleotides inserted,!°**’” but NiV and 
human and bovine PIV3 are exceptions to these rules, since the different mRNA species were 
found to be equally abundant and transcripts with multiple G insertion were detected.!©°.784 


The Phosphoprotein 


The P protein is the only P/V/C gene product that is essential for viral RNA synthesis.!!41'9 


Paramyxovirus P proteins are generally 400 to 600 amino acids long and heavily 
phosphorylated at serine and threonine residues, predominantly within the N-terminal region. 
The major sites of P phosphorylation and the respective kinases have been identified for 
several viruses.''”*°* The P protein features a modular organization of ordered and 
intrinsically highly disordered domains,*°*'*°”*°8 consistent with the requirement for 
interacting with multiple partners during the viral replication cycle. While lacking inherent 
enzymatic activity, P is an essential component of both the viral RdRP!%° and the N° nascent 
chain assembly complex that functions to encapsidate RNA during replication.*** Structural 
information has been obtained for distinct modular N- and C-terminal domains of P proteins 
derived from different paramyxoviruses (Fig. 12.9). These domains are instrumental for P 


activity as an essential polymerase cofactor, mediator of P-L complex loading onto the RNP 
template, and inhibitor of premature termination of the advancing polymerase complex 
during transcription and replication. 
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FIGURE 12.9 Structures of paramyxovirus P protein domains. A: Schematic of 
the P protein organization. P proteins are divided into an N-terminal domain 
(PNT) and a C-terminal domain (PCT). Known functional domains involved in 
chaperoning, oligomerization, and nucleocapsid binding are highlighted. B and 
E: The chaperone domain prevents premature N multimerization and RNA 


binding. Three crystal structures have been solved for paramyxovirus N°-P 
complexes (PIV-5, PDB ID: 5WKN; NiV, 4CO6; MeV, S5E4V).4:!92;641 ¢; 
Crystal structures of the P oligomerization domains of MuV (PDB ID: 4EIJ), 
MeV (PDB ID: 4BHV), NiV (PDB ID: 4N5B), and SeV (PDB ID: 


1EZJ).°491,101,589 p tetramers form a coiled coil of four parallel helices, except 
for MuV, which emerged as a tetramer of parallel and antiparallel helices. D: 
Structures of the nucleocapsid binding X domain (XD) that have been solved for 
MuV (PDB ID: 3BBZ), MeV (PDB ID: 10KS), HeV (PDB ID: 4HEO), and SeV 


(PDB ID: 1R4G).2992:292,272 XD structures are highly conserved, all featuring 
three-helix bundle arrangements. F: Crystal structure of MeV P-XD in complex 


with a C-terminal fragment of MeV N (PDB ID: 1T60).2’° XD interacts directly 
with a molecular recognition element (MoRE) located in Box 2 of MeV Ntail. 
(Images copyright © 2019 by Richard K. Plemper and Robert M. Cox.) 


The C-terminal half of the paramyxovirus P protein (termed PCT, residues 304—507 in 
the case of MeV P) is relatively well conserved in predicted secondary structure across the 
family. P proteins function as multimers, with an oligomerization domain (Pop) located in the 
central region of P near the beginning of the PCT. However, Pop sequences and the 
organization of the assembly may vary considerably between different Ps. While crystal 
structures of SeV, MeV, and NiV Pops have been shown to form tetrameric alpha helical 


coiled coils in parallel arrangements,-+?!°%° 


277) suggested a tetramer organization consisting of two parallel pairs of alpha helices, 
arranged in opposite orientation to each other!?! (Fig. 12.9C). 


a crystal structure of MuV Pop (residues 213- 


SeV PCT (residues 325—568) is sufficient for catalyzing viral RNA synthesis because this 
fragment alone can substitute for intact P protein in all aspects of mRNA transcription.!! 
Although the L protein contains all RdRP catalytic activities, L binds to the nucleocapsid 
template via the P protein.*** In addition to establishing physical contact between the RNP 
and L, P proteins are required as cochaperones for proper L protein folding. Transient 
expression of MeV L protein in the absence of the P protein resulted in low L protein steady- 
state levels,**° and MeV P proteins have furthermore been suggested to recruit the host cell 
chaperone Hsp90 to the L protein.** While the exact nature of the interface between P and L 
proteins is still unknown, residues located at the C-terminal end of the Pop and in the 
following domains were consistently found to contribute to facilitating proper interactions in 
SeV,15 MeV,2!2°2 RPV,’8 and human parainfluenza viruses type 2 and 3 (HPIV-2 and 
HPIV-3)°*>-*°* P-L complexes. Located at the end of the PCT, the P-XD as discussed above 
establishes an interaction between P-L and the MoRE residues located in Box 2 of the 
Ntail.4°-!49-5°° Structural data obtained for MeV indicate that P-XD induces partial folding of 
resides in the MoRE, establishing a four-helix bundle arrangement consisting of three XD- 
derived helices and one formed by the MoRE residues (Fig. 12.9F).40:19722:326620 These 
interactions with Ntail appear to be predominantly required for preventing premature 
termination of the polymerase complex at IG junctions,*°* and a correlation between binding 


strength and transcriptase reinitiation efficiency after IG regions was proposed for MeV 
RdRP.*! The ability of P-XD and Ntail to form interactions between intrinsically disordered 
domains may be important to allow movement of the P-L complex along the RNP 
template,*?*°.27! although it is unclear at present how separation of P-XD from Ntail, once 
the induced-fit interface has been established, is initiated and coordinated. So far only for 
MuV P, the N-terminal PNT has been implicated in RNA de-encapsidation and the local 
uncoiling of the RNP in front of the approaching RdRP, indicating a direct interaction of 


MuV PNT with the RNP.1° 


In contrast to viral transcription, genome replication depends on the availability of 
unassembled N° (in N°-P complexes) facilitating concomitant encapsidation of the nascent 
strand. The residues located at the N-terminus of the PNT (residues 33-41 for SeV!'*772 and 
1-48 for MeV P!°%*) have been implicated in preventing premature N aggregation and 
ensuring productive assembly of the RNP. The remainder of the SeV PNT appears to be 
dispensable for RNA synthesis and assembly, since a P protein in which residues 78 to 324 
have been deleted is still active for minigenome replication in transfected cells.''* However, 
phosphorylation of RPV P protein at serine residue 88 prevented the initiation of 
polymerization,*’° and the phosphorylation status of RPV P appears to modulate transcriptase 
versus replicase activity,-°’ suggesting a major regulatory role of PNT in controlling RdRP 
activity. Consistent with this theme, the phosphorylation status of MeV P protein residues 
S86 and S151 likewise alters RdRP transcriptase activity.°© 


The V Protein 


The V protein is an approximately 25- to 30-kDa polypeptide that shares an N-terminal 
domain with the P protein but has a unique C-terminal domain as a result of RNA 
editing. 7°.203.498,439,596,608 The C-terminal V-specific domain is highly conserved among 
related paramyxoviruses, with invariantly spaced histidine and cysteine residues forming a 
novel domain that binds two zinc molecules per V protein!®7°°77!7,4! (Fig. 12.10). In the 
case of PIV-5 and MuV, this cysteine-rich domain of V protein directs spontaneous self- 
assembly into spherical high molecular weight particles that can be visualized by EM.°4 
Despite the high level of intracellular synthesis, paramyxovirus particles typically incorporate 
little V protein into virions,**! although there can be some variation. !!2.°*° 


* * * ke * * & 

Avulavirinae Orthoavulavirus NDV 175...PGHRREHSTISWIMGGVTTISWCNPSCSPIRAEPROYSCTCGSCPATCRLCAS. ..226 
Rubulavirinae Orthorubulavirus PIV-5 169...GFHRREYSIGWVGDEVKVTEWCNPSCSPITAAARRFECTCHOCPVTCSECER...220 
Orthorubulavirus HPIV-2 172. ..GNHRREWS ITAWVGDOVKVFEWCNPRCAPVTASARKFTCTCGSCPSICGECEG. ..223 

Orthorubulavirus MuV 168...GGHRREWSLSWVQGEVRVFEWCNPICSPITAAARFHSCKCGNCPAKCDOCER...219 


Metarubulavius MenaV 164. ..GGHRREIAIDWIGGRPRVTEWCNPICHPISQSTFRGSCRCGNCPGICSLCER...215 
Metarubulavirus TioV 162...GGHRREIAISWATGTPRVTEWCNPICHPISOFTYRGTCRCGCCPDVCSLCER...213 
Orthoparamyxovirinae — Respirovirus SeV 312. ..KGHRREHIIYERDGYIVDESWCNPVCSRIRIIPRRELCVCKTCPKVCKLCRD. . .367 
Respirovirus BPIV-3 346...RGHRREHSIYREGDYIITESWCNPICSKIRPVPROESCVCGECPKOCGYCIE. ..397 
Henipavirus HeV 404...KGHRREVSICWDGRRAWVEEWCNPVCSRITPOPRKOQECYCGECPTECSOCCH...455 
Henipavirus NiV 404. ..KGHRREISICWDGKRAWVEEWCNPACSRITPLPRRQECQCGECPTECFHCG....456 


Jeilongvirus JV 234...KGHRREFCIDNFGGKTYIREWCNPOCAPITVTPTOSRCTCGECPKVCARCIK...285 


Narmovirus TupV 228...KGHRREYSMVWSNDGVFIESWCNPMCARIRPLPIREICVCGRCPLKCSKCLL...279 


Morbillivirus MeV 230...KGHRREISLIWDGDRVF IDRWCNPMCSKVTLGTIRARCTCGECPRVCEOCRT...281 
Morbillivirus CDV 230...KGHRREVSLTWNGDSCWIDKWCNPICTOVNWGIIRAKCFCGECPPTCNECKD...281 
Morbillivirus RPV 230...KGHRREIDLIWNDGRVF IDRWCNPTCSKVTVGTVRAKCICGECPRVCEOCIT. ..281 


Salemvirus SalV 250...SRHRREYSIIWDSEGIQIESWCNPVCSKVRSTPRREKCRCGKCPARCSECGD...301 


FIGURE 12.10 Amino acid sequence alignment of the conserved cysteine-rich 
C-terminal region of selected paramyxovirus V proteins. Numbers indicate the 
amino acid position within the respective proteins. Positions of the conserved 
histidine and seven conserved cysteine residues that are involved in coordinating 
Zn are indicated by asterisks. Additional areas of sequence identity are shaded in 
red. New abbreviations: MenaV, Menangle virus; TioV, Tioman virus; BPIV-3, 
bovine parainfluenza virus 3; JV, J virus; TupV, Tupaia paramyxovirus; CDV, 
canine distemper virus; SalV, Salem virus. 


Paramyxovirus V proteins are the primary viral countermeasure against the host innate 
antiviral immune response, interfering with type I interferon (IFN) expression and signaling 


(reviewed in Ref.*°*) and thus ultimately blocking the activation of hundreds of IFN- 
stimulated genes (ISGs) and the induction of an antiviral state. Accordingly, V proteins are 
important pathogenesis factors and play a central role in the virus replication cycle, as 
evidenced by a range of different recombinant paramyxoviruses that have been engineered to 


disrupt expression of the V protein cysteine-rich domain.27120127143,207,261,265,527,600,614,650 
In many cases, these mutant viruses display an elevated RNA synthesis phenotype, but they 


generally grow well in many tissue culture cell lines.!*!7°!°*” However, severely attenuated 
growth in vivo is common, and/or the mutant viruses are cleared more rapidly than the 


corresponding parental forms from lungs of infected animals. !49:29%446.972,606 


Several paramyxovirus V proteins interact in the cytoplasm with the cellular damage- 
specific DNA-binding protein 1 (DDB1),'!?!° and a crystal structure of PIV-5 V protein 
complexed with DDB1 has been solved.*°’ This structure reveals a bipartite organization, 


consisting of a core domain built around a central seven-stranded f£ sheet, which is in turn 
sandwiched between one alpha helix and two long loops (Fig. 12.11). The unique C-terminal 
domain forms the middle two f sheets and part of the central core, and this structure is 
anchored through the cys-rich zinc-binding region. Thus, despite sharing a 164—amino acid 
N-terminal domain, the PIV-5 P and V proteins can adopt very different structures due to the 
unique properties of the C-terminal cys-rich region. 


A 


FIGURE 12.11 Atomic structure of the PIV-5 V protein in complex with DDB1. 
The PIV-5 V protein binds to DDB1, which adopts a four-domain structure 
consisting of a three-propeller cluster and a helical C-terminal domain. A: 
Overall view of the DDB1-PIV-5-V complex with DDB1 in blue and the V 
protein in red. The zinc ions in PIV-5-V are shown as orange spheres. The four 
DDB1 domains are labeled BPA, BPB, BPC, and CTD. The longest dimension 


of the complex is indicated. B: The PIV-5 V protein adopts a bipartite structure 
upon interacting with the DDB1 BPC domain. DDB1 and PIV-5-V are shown in 
surface and ribbon representation, respectively. The N-terminal part of the V 
protein, which is also found in the viral P protein, is colored red. The rest of the 
V protein, including the zinc-binding sequence, is colored in gray. C: A novel 
zinc-finger fold found in the PIV-5-V protein. (Adapted from Li T, Chen X, 
Garbutt KC, et al. Structure of DDB1 in complex with a paramyxovirus V 
protein: viral hijack of a propeller cluster in ubiquitin ligase. Cell 2006;124(1): 
105-117, with permission.) 


Through distinct, genus-specific strategies, the paramyxovirus V proteins interfere with 
type I IFN expression and signaling, antagonizing the innate host cell antiviral response 
(discussed in the section Paramyxovirus Accessory Genes and their Interference with the 
Cellular Antiviral Response). In addition to this primary function, V proteins have been 
shown to regulate viral RNA synthesis in transfection experiments involving model RNA 
genomes, !!4,226.315,645 and recombinant viruses that are engineered with V protein mutations 
often show increased viral RNA synthesis.27-129.143.261,269,527,600,625 The shared N-terminal 
domain of P/V is responsible for the assembly of N°-P complexes, and V proteins from PIV- 
5, SeV, and MeV have been found in equivalent N°—-V interactions that, however, are 
incapable of mediating RNA encapsidation during viral genome replication. !!4:22°47200 A 
model has been proposed in which V-mediated inhibition of viral RNA synthesis may be a 
result of V and P competition for soluble N°.''4726°4 The cysteine-rich C-terminal domain 
of MeV and PIV-5 V proteins were likewise implicated in inhibiting viral RNA 
synthesis.4°9-7°545 While mechanistically unclear at present, it is speculated that this 
inhibitory effect may be mediated through interaction with a host cell factor.°*° Lastly, the V 
protein is also capable of binding RNA,°!° and in the case of MeV V protein, it has been 
proposed that this interaction may contribute to inhibiting RNA synthesis.*?° 


The W/D/I Proteins 


The W and D ORFs of respiroviruses, morbilliviruses, and henipaviruses are expressed from 
mRNAs with two inserted G residues (Fig. 12.8). Since the W ORF is typically closed by a 
stop codon shortly after the editing site, the W protein is essentially a truncated P protein 
containing the N-terminal N° assembly module of the P protein and a very short C-terminal 
extension. The W protein is abundantly expressed during infection!?%*?! and, in the case of 
SeV, has been found to interact with unassembled N°.**° Accordingly, W proteins are thought 
to function as regulators of viral RNA synthesis. In contrast to the predominant presence of P 
and V in the cytoplasm, however, Henipavirus W proteins are transported to the nucleus 
through specific interaction of an NLS located in the unique C-terminus with cellular 


importin-a@3.!°°°7>? Different subcellular localizations suggested a distinct 
immunomodulatory strategy for NiV W and V. Consistent with this notion, binding to NiV W 
is thought to trap STAT1 in the nucleus, blocking IFN signaling through the formation of 
nonfunctional complexes containing STAT1. 


In the case of bovine and human PIV-3, the +2 ORF extends for 131 residues from the 
editing site, resulting in the synthesis of a unique D protein that is a chimera of the common 
N-terminal domain of P and this ORF downstream of the editing site.!°® Rubulavirinae I 
protein is generated when the upstream N-terminal P region is fused to a downstream ORF 
by the insertion of either one or four G residues during RNA editing.4°°°° 


The C Proteins 


In addition to RNA editing, some paramyxoviruses use a second mechanism to express P 
gene polypeptides that involves the use of alternative translation initiation codons to yield the 
C proteins (Fig. 12.7). The SeV C’, C, Y1, and Y2 proteins constitute a nested set of carboxy- 
coterminal polypeptides that range in size from 175 to 215 residues. These proteins are 
expressed independently from a P/V mRNA through the use of alternative start codons (Fig. 
12.7), with the C protein ORF being in the +1 reading frame relative to the P ORF. 
Consequently, all ORFs of the C protein set terminate at the same stop codon, and the C 
proteins thus share a common C-terminus. The C’ and C proteins are translated by a leaky 
scanning mechanism, being initiated at an unconventional ACG triplet at base 81 and AUG 
at base 114, respectively.!'* In contrast, translation of the Y1 and Y2 proteins occurs through 
a scanning-independent ribosome-shunting mechanism that is directed by a 5’ noncoding 
RNA segment, resulting in ribosomes initiating at AUG codons at bases 183 and 201, 
respectively. The C protein is abundantly expressed in infected cells at levels higher than C’, 
Y1, and Y2, but virions contain only very low levels of these polypeptides.*”° 
and henipaviruses express only one C protein,?®!9%-°*1°23 whereas respiroviruses such as 
SeV and HPIV-1 express all four C’, C, Y1, and Y2 polypeptides.!”° Rubulavirinae and 
Avulavirinae do not express C proteins (Table 12.4). 


morbilliviruses 


C proteins are small basic polypeptides that like the V proteins play important roles in 
regulating the host IFN response. They are involved in controlling viral RdRP transcription 
versus replication activity,!976?29°335.993,586 enhancing polymerase fidelity,*°4°°°’’ and 
facilitating the release of virus from infected cells.2?2491°°8.5 The regulatory effect of C 
proteins on RNA synthesis correlates with their ability to bind to the L subunit of the viral 
polymerase,**’ and, in the case of SeV, naturally occurring variant C proteins can have 
differential effects on inhibition of virus RNA synthesis.!° 


Although nonessential for infectivity, SeV mutants engineered to express only a subset of 
C proteins or lacking expression of all four proteins show defects in virus growth??®.7®° and 
in the absence of all C proteins were entirely unable to suppress the expression of ISGs.‘°4 
Recombinant HPIV-3, SeV, NiV, and MeV with disrupted C protein expression are growth 


attenuated in mice, hamsters, and nonhuman primates, respectively.!¢7149.170,548,690 An 


additional role for C proteins in the release of some paramyxovirus particles was proposed 
based on enhanced budding of SeV-like particles (VLPs) when SeV C was coexpressed with 
the viral M protein.°©? The effect was dependent on the host endosomal sorting complex 
required for transport (ESCRT) pathway (discussed below), possibly through interactions 
with the ESCRT factor Alix.2°®°°° A similar ESCRT-dependent budding enhancing effect 
was described for NiV C, in this case through recruiting the ESCRT-I component TSG101.*°! 


The Large Protein 


The large (L) protein is an essential subunit of the paramyxovirus RdRP. Originally named 
after its high molecular weight of approximately 220 to 250 kDa, the L protein is invariably 
encoded as the most promoter-distal gene in the paramyxovirus genome (Fig. 12.4). L 
proteins are generally present in only very low amounts in infected cells or virions,~?! where 
they are found on the nucleocapsid in P-L clusters.*°° L is believed to possess all the 
enzymatic activities needed for viral RNA synthesis, including phosphodiester bond 
formation, 5’-end mRNA _ capping and_ methylation, and 3'-end mRNA 
polyadenylation.9°!88.2!3.416.575 Th the presence of amounts of N°-P complexes sufficient to 
allow the encapsidation of nascent full-length viral RNAs, the L protein also mediates 
synthesis of viral genomes and antigenomes.!°°.277 


Paramyxovirus L proteins are generally approximately 2,200 amino acids in length. 
Although the primary L protein amino acid sequences are diverse, the proteins share a similar 
overall organization and conserved functional motifs. Sequence alignments have identified 
two short hinge regions of high variability (approximately located at residues 600 and 1,700) 
in L proteins of SeV, NiV, and morbilliviruses such as RPV and MeV that connect three large 
regions??!99)141,354 (Fig, 12.12A). Insertion of green fluorescent protein (GFP) into the 
downstream hinge region maintained substantial RdRP activity and allowed recovery of 
viable recombinant viruses encoding these L-GFP hybrid proteins, while insertion into the 
upstream junction abolished bioactivity.°*-!4! It was unclear, however, whether the L regions 
before and after the downstream hinge region represent fully independent folding domains or 
assume a native conformation only when synthesized as a single polypeptide, since L 
proteins of the related rhabdovirus vesicular stomatitis virus (VSV) likewise tolerated large 
insertions in an interdomain region between subunits,*°’ but these subunits were unable to 
reconstitute a functional polymerase when expressed separately.*”° By contrast, individually 
expressed NiV and MeV have been found able to restore bioactivity through homotypic 
transcomplementation when dimerization tags were fused to the fragments, indicating that 
paramyxovirus L proteins are composed of at least two independent folding domains.!*° 
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FIGURE 12.12 Structural overview of the L polymerase protein. A: Domain 
organization of the paramyxovirus L protein. A, top: The paramyxovirus L 
proteins can be divided into three large regions (LR I-III), determined by 
insertion analysis. LR I-II and LR II represent independent folding domains that 


can form a functional polymerase when expressed separately. !2° A, middle: 
Sequence alignments have revealed six conserved regions (CR I-VI) in the L 
polymerase proteins. A, bottom; B: A cryo-EM-based reconstruction of the 
VSV L structure shows five main structural domains: polymerase (cyan), 


capping (green), connector domain (yellow), methyltransferase (orange), and C- 


terminal domain (red).°!! The locations of active site residues are shown for 
each domain in the cartoon. C: Approximate locations of the RNA template and 
exit channels within the VSV L protein are shown in black. Template RNA (solid 
line) is proposed to enter and exit the polymerase complex from the one side, 
while the newly synthesized strand (dashed line) exits on the opposite side. This 
position of the proposed exit channel places the 5’ end of the nascent MRNA 
strand in close proximity to the capping and MTase domains. (Images copyright 
© 2019 by Richard K. Plemper and Robert M. Cox.) 


Sequence alignments have identified six conserved regions (CRs I-VI) that were 
originally proposed to be _ individually responsible for each of the distinct L 
functions*°1°4297! (Fig. 12.12A). Residues in regions overlapping with CR I were found to 
be involved in the essential L interaction with the P protein that is required for the formation 
of functional P-L complexes.°7°7479-19.219,222,225,432 CRs I] and III contain subdomains 
common to all L polymerases.*°! Based on a high net positive charge, CR II is considered to 
be an RNA-binding domain, whereas a GDN tripeptide motif in CR III is extremely 
conserved and, based on mutational analyses, thought to form part of the catalytic center for 
nucleotide polymerization.’®”%-*46°4 In a cryo-EM structure of the VSV L protein, CRs IV 
and V mapped to an mRNA capping domain.*°* VSV is a member of the rhabdovirus family 
that like the paramyxoviruses belongs to the mononegavirales, which are thought to share a 
comparable overall L organization. CR VI and the L C-terminal domain are required for viral 
mRNA methylation. 


Expression and purification of native L proteins is challenging, reflected by a current lack 
of high-resolution structural information of the spatial organization of any paramyxovirus L 
protein. However, recent negative-stain EM images of copurified NiV P-L complexes 
showed two particle classes, globular 5- to 8-nm particles with even density, and larger 8- to 
11-nm ring-like structures.*°° The latter class resembles previous negative-stain EM images 
of VSV L proteins that showed a doughnut-like architecture with a globular appendage 
covering the center of the doughnut and three smaller globular appendages.*”° A cryo-EM 
reconstruction of VSV L to near-atomic resolution mapped CRs I to III to the polymerase 
domain, CRs IV and V, the single appendage covering the doughnut, to the capping domain, 
and the smaller appendages to a connector, CR VI, and C-terminal domain, respectively*™ 
(Fig. 12.12B, C). A crystal structure of a C-terminal L fragment of human metapneumovirus, 
a member of the closely related pneumovirus family, revealed that CR VI and the C-terminal 
domain build a functional MTase.** Although small globular attachments comparable to 
those seen in VSV L were not detectable in the EM images of NiV L, the preserved outline of 
the CRs and reoccurrence of key features of the low-resolution negative-stain EM images 
suggest that the molecular organization of the different L proteins may be similar. 


mRNA cap formation and cap methylation are crucial processes to form stable mRNA, 
and viruses have adapted different strategies to form those structures.!!? In mammalian cells, 
RNA triphosphatase (RTPase) activity first removes the 5’ phosphate of pre-mRNA. 
Guanylyltransferase (GTase) then transfers a guanylyl monophosphate (GMP) from a 
guanosine 5’ triphosphate (GIP) molecule on the pre-mRNA, followed by successive 
methylation of a new cap through guanine-N7-methyltransferase (GN7-MTase) (cap 0 
structure) on the cap and 2'O methyltransferase (2'O0 MTase) (cap-1 structure) activity on the 
first nucleotide. GN7-MTase activity for cap methylation was attributed to a C-terminal L 
protein fragment (residues 717—2,183), and sequence alignments revealed K-D-K-E and 
GxGxG motifs characteristic for 2'O MTases.101181310,416,461,473 


Among mononegaviruses, cap formation strategies are most extensively characterized for 
thabdoviruses, which follow an unconventional pathway*!!*!3+!9: (a) GTP is hydrolyzed to 
guanosine 5’ diphosphate (GDP) through a nucleotide triphosphatase (NTPase) activity,*1!4 
and (b) the nascent 5’ triphosphorylated RNA strand (pppA-RNA) is covalently ligated as a 5’ 
monophosphate RNA (p-A-RNA) and transferred to GDP to form the capped Gppp-N-RNA 
through a polyribonucleotidyltransferase [PRNTase] activity.4!'4!° The cap is methylated 
successively at the 2'-O-position of the first nucleotide (Gppp-Am-RNA) and at the cap N’ 
position (m’Gppp-Am-RNA).*”” Interestingly, PRNTase motifs are conserved across the 
mononegaviruses suggesting that all viruses in this order could implement an unconventional 
capping mechanism.°°’ Support for this notion comes from the finding that mutation of 
critical residues in the HR motif of the PRNTase resulted in the loss of the capping activities 
in HPIV-2°°” and pneumoviruses (RSV*’). Use of GDP instead of GMP to form the cap 
structure and NTPase activity has also been described for pneumoviruses.*?.424 


Despite conservation of PRNTase motifs, however, the paramyxovirus mRNA cap 
formation mechanism is not yet fully understood mechanistically, and PRNTase activity has 
so far only been confirmed for rhabdovirus L proteins.*!'+!%:4!9 Surprisingly, also a C- 
terminal “K-K-G motif” located downstream of CR VI is well conserved among para-, filo-, 
and pneumovirus L proteins. This motif appears reminiscent of eukaryotic cell—style GTase 
activity°” and is absent from rhabdovirus L proteins but has been shown to be essential for 
HPIV2 mRNA synthesis.°°” Also, GTase!®° and RTPase!*°4°°47 activities have been 
proposed for RPV L proteins, but a direct structural comparison of the C-terminal domains of 
HMPV and VSV L reveals that the structural organization of the K-K-G motif in HMPV is 
distinct from that in eukaryotic GTases, arguing against guanylyltransferase activity as a 
universal mechanism for paramyxovirus cap formation. 


L protein activity in RNA synthesis is highly dependent on protein-protein interactions. 
Based on biochemical evidence and genetic complementation studies with Sendai and MeV L 
proteins, the possibility of L-L self-assembly through an N-terminal domain was 
raised.’4°°9.5* The resolution of the NiV L protein EM data is not high enough to extract 
quaternary structure information, but potential spatial organization and physiological 
relevance of L-L assembly are not immediately evident from the high-resolution VSV L 


structure. In contrast, L protein interaction with P is essential for proper folding, and 
interaction sites were consistently mapped to N-terminal domains of different paramyxovirus 
L proteins.’+7!9-49* A physical interaction of RPV and SeV L proteins with the viral C protein 
was furthermore demonstrated, in the case of SeV involving the polymerase domain (CRs I— 
I1I?*?°73). Paramyxoviruses spontaneously produce some amount of dsRNAs during 
replication. Infection of cells with engineered SeV, HPIV-1, and MeV lacking functional C 
proteins, however, resulted in greatly elevated dsRNA levels, which is consistent with C 
reducing the formation of defective interfering (DI) genomes by enhancing polymerase 
fidelity. Other proteins encoded in the SeV P/V/C gene (C’, Y1, and Y2) also interact with L 
and inhibit defective interfering (DI)-RNA synthesis in vitro!®? and in vivo.?°° 


In addition to interaction with viral proteins, an association of paramyxovirus L proteins 
with host cell proteins has been proposed. In the case of MeV and SeV, L interactions with 
tubulin are believed to promote L activity.2”°?”? Other cellular proteins have also been 
suggested to promote viral RNA synthesis (e.g., B-catenin for HPIV-3°°), but the precise role 
that these proteins play in RdRP function has not been determined. 


The Matrix Protein 


The paramyxovirus matrix (M) protein is the most abundant protein in the virion. The M 
proteins contain 341 to 375 residues (Mr ~38,500—41,500), are quite basic in nature (net 
charge at neutral pH of +14 to +17), and are somewhat hydrophobic. Three major roles have 
been proposed for the M proteins in the paramyxovirus replication cycle: organization of 
virions assembly, promotion of particle budding, and sequestering of inhibitory host proteins 
from the cytoplasm. 


Early fractionation studies of infected cells and virions indicated that the M proteins can 
peripherally associate with membranes, but they are not integral membrane 
proteins. !°>-289.390.513 A temperature-sensitive SeV first suggested a link between changes in 
M and virus budding efficiency.®! Purified SeV M proteins have furthermore been shown to 
self-associate and form two-dimensional paracrystalline arrays (sheets and tubes) in low-salt 
conditions,!®*!! and M proteins of several paramyxoviruses including SeV and the 
henipaviruses expressed in isolation are sufficient to drive virus-like particle (VLP) 
formation.49°°8! 


At present, high-resolution structures have only been solved for the NDV and HeV M 
proteins,~*>!® but the overall organization of M proteins from different mononegavirales is 
considered to be well conserved.*?? The NDV M crystal structure (Fig. 12.13A—D) showed 
the protein in a homodimer assembly.” Each monomer features two B-sheet sandwiches with 
approximately orthogonal orientation of the opposing f strands, which are connected by a 16- 
residue linker and surrounded by several short a-helices. A high density of positive charge of 
the nearly square-shaped face of the dimer oriented toward the membrane supports 
membrane association of M _ proteins through electrostatic interactions. Cryo-ET 
reconstructions of purified NDV particles showed a grid-like arrangement of the matrix layer 


with approximately square-shaped appearance of the repeating protein units, into which the 
dimer assembly could be fitted.*? Electrostatic interactions and hydrogen bonding between 
pairs of two a-helices in each dimer are proposed to mediate dimer-to-dimer contacts, 
introducing an approximately 20-degree angle between the symmetry axes of neighboring 
dimers that results in an overall curvature of the assembled matrix array similar to the 
membrane curvature in a budding virus (Fig. 12.13E, F). 
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FIGURE 12.13 Structure of the paramyxovirus matrix protein. A: Ribbon 
drawing of the monomeric NDV M crystal structure (PDB ID: AG1G).?° B: 
Schematic of the secondary structure of the NDV M monomer. Each NDV M 
monomer is composed of two B-sandwich domains (red) that are lined by several 


a-helices (cyan). C and D: Structures of the NDV and HeV (PDB ID: 6BK6) 


matrix proteins,2?2!8 showing similar features and folds. E: The M protein 


forms 2D paracrystalline arrays in cells. A subtomographic average of the NDV 
M protein is shown with the crystal structure docked into place. F: Crystal 
contacts in matrix dimers are similar to those made between adjacent dimers in 
the virus. The M dimer in the crystal structure forms contacts with adjacent 
dimers with a 20-degree angle between dimers. Similar contacts are made 
between adjacent M dimers in NDV virions, but with a smaller 6-degree angle 
between dimers. This arrangement is thought to allow the M protein to induce 
membrane curvature to facilitate budding of virions from infected cells. (Images 
copyright © 2019 by Richard K. Plemper and Robert M. Cox.) 


Discussed in detail in the Virus Particle Formation section, biochemical data and the 
reconstruction of cryopreserved paramyxovirus particles have indicated specific interactions 
between the M protein layer and the cytoplasmic tails of the envelope glycoproteins that are 
instrumental for efficient particle assembly.°%2°?!9.9!4.921,974 Tn addition to contacts with the 
glycoproteins, M specifically associates with the viral RNP, creating a bridge between viral 
envelope and genome. For instance, SeV M has been shown to associate with 


nucleocapsids°®’; MuV M, fusion, and N proteins together promote efficient VLP 


production®°’; and a specific interaction between MeV M and the C-terminal, third conserved 


element in Ntail was demonstrated in yeast two-hybrid studies and biochemically.**° 


While M lattice-mediated induction of membrane curvature emerged as an important step 
of the paramyxovirus budding process, several paramyxovirus M proteins appear to engage 
the actin cytoskeleton,??!°°!77° possibly for efficient membrane targeting. Likely, M 
proteins recruit the cellular vesicle budding machinery for fission of the viral envelope and 
cellular membranes, although paramyxovirus M proteins lack canonical “late domains” that 
mediate interaction with components of the host cell ESCRT machinery. Budding of PIV-5, 
NDV, MuV, and NiV has been shown to depend on vacuolar protein sorting—associated 
protein 4 (VPS4) ATPase activity.'4°°°941°°3 Together with ESCRT-III proteins, VPS4 
catalyzes membrane fission. A noncanonical late domain, however, has been suggested for 
PIV-5, NDV, and MuvV protein, !403°9-922,5*3 while the nonstructural C proteins of SeV and 
NiV have been implicated in recruiting ESCRT components Alix and TSG101, 
respectively.7°243! 

Suggesting a possible role of the paramyxovirus M protein distinct from its function in 
virion assembly and budding, transient nuclear localization of SeV, NDV, and NiV M has 
been described.*4222,5>! Best characterized for Nipah M, nuclear import was shown to be 
dependent on the integrity of a putative bipartite nuclear localization signal (NLS) in M that 
was conserved in SeV and MuV also.*°)°* Following nuclear import, both NDV and NiV M 


proteins associate with the nucleolar compartment.!?9*°! A lysine residue in the NiV M NLS 
that was found to be subject to monoubiquitination is proposed to regulate subcellular 
localization of the protein. When ubiquitinated, a likewise conserved nuclear export sequence 
located in one of the a-helix pairs forming the M dimer—dimer interface redirects M to the 
cytoplasm.*°!°*2 While the functional importance of transient M localization to the nucleolus 
is not yet understood, a recent study proposed that Henipavirus M specifically targets Treacle 
protein—enriched regions of the nucleolus, potentially modulating the host DNA damage 
response—lIreacle pathway to optimize the cellular environment for efficient virus 
replication.*°4 


Envelope Glycoproteins 


All Paramyxoviridae possess two integral membrane proteins, some Rubulavirinae encode a 
third integral membrane protein, and members of Jeilongvirus genus feature two additional 
membrane proteins. One major glycoprotein (HN, H, or G) is involved in cell attachment and 
the other major glycoprotein (F) in mediating pH-independent fusion of the viral envelope 
with the plasma membrane of the host cell (Fig. 12.14). The Rubulavirinae third integral 
membrane protein is called SH, and for PIV-5, this 44—amino acid integral membrane protein 
is believed to block virus-induced apoptosis. Jeilongvirus (i.e., J virus, Tioman virus, and 
Beilong virus) encode a fourth integral membrane protein between SH and G, designated 
TM.**’ The assignment of specific biological activities of F and HN was originally made on 
the basis of purification and reconstitution studies, mainly for SeV and PIV-5 proteins.°!”°!® 
The attachment proteins (HN, H, or G) are all type I integral membrane proteins, and 
bioinformatics and structural predictions indicate the proteins all exhibit a related 
propellerlike fold despite having different receptors and the presence or absence of NA 
activity. 
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© G.D. Parks and R.A. Lamb 2006 
FIGURE 12.14 Schematic diagram showing the orientation and domains of 
paramyxovirus integral membrane proteins. Top: Hemagglutinin-neuraminidase 
attachment protein (based on the predicted sequence of the PIV-5 HN gene),2!4 
The signal anchor transmembrane domain and the sites used for addition of N- 
linked carbohydrate (lollipops)°?° are indicated. Bottom: Fusion protein (based 
on the predicted sequence of the PIV-5 F gene). The position of the signal 
sequence, the transmembrane domain, the cleavage site, the hydrophobic fusion 
peptide, and the heptad repeats A and B are indicated. The sites used for addition 
of N-linked carbohydrate (lollipops)!’ are indicated. Rs indicates the five 
arginine residues site for cleavage activation. (Images copyright © 2006 by G.D. 
Parks and R.A. Lamb.) 


For the respiroviruses and Rubulavirinae, the attachment glycoprotein binds to cellular 


sialic acid—containing receptors, which can be glycoproteins or glycolipids. The binding is 
probably of fairly low affinity but of sufficiently high avidity that these viruses agglutinate 
erythrocytes (hemagglutination). The attachment proteins of respiroviruses and 
Rubulavirinae also have NA (receptor-destroying) activity, and the proteins have been 
designated HN. However, a possible role of a specific protein—protein involvement in 
infection of host cells has not been ruled out. 


The Morbillivirus attachment protein (H) can cause agglutination of primate erythrocytes 
but lacks detectable NA or esterase activity. The restricted host range of MeV for primate 
cells made it unlikely that sialic acid was the primary receptor for MeV. In 1993, human 
CD46 was identified as a cellular receptor for Edmonston and Halle strains of MeV.!°779 
Edmonston and Vero cell—adapted strains of MeV are capable of infecting any CD46* 
primate cell. However, viruses isolated from B-cell and T-cell lines do not grow in CD46* 
cells. To identify the receptor in B cells, a VSV recombinant virus was used that expressed 
GFP as a marker of infection and MeV H (from a virus isolate propagated on B cells) in place 
of VSV G. Nonsusceptible 293T cells were transfected with a cDNA library from B95a cells 
(marmoset B cells) and then infected with VSV-GFP-H. From cells expressing GFP, a cDNA 
was identified that supported MeV replication in 293T cells. This cDNA encoded the 
equivalent of human CD150 (also known as signaling lymphocyte activation molecule 
[SLAM]), a membrane glycoprotein involved in lymphocyte activation.°°'°4 All MeV 
isolates can productively interact with hSLAM, and its predominant expression on activated 
lymphocytes, dendritic cells, and macrophages is consistent with the strong lymphotropism 
of the virus.*!® SLAM-dependent infection therefore outlined a path toward the observed 
initial virus replication in mediastinal lymph nodes followed by PBMC-associated viremia. 
However, SLAM tissue distribution was incompatible with basolateral MeV re-entry into the 
respiratory tract and subsequent dissemination, since the receptor is not expressed on 
respiratory epithelial cells. The mystery was solved by identifying the adherence junction 
protein nectin-4 as the missing epithelial cell receptor based on microarray profiling of 
epithelial cells differentially permissive for CD46 and hSLAM-independent MeV 


infection.*°° A subsequent report confirmed MeV infection of epithelial cells through nectin- 
4.380 


In addition to the morbilliviruses, members of the Henipavirus genus also gain cell entry 
through proteinaceous receptors. Ephrin B2 has been identified as a cognate receptor for both 
HeV and NiV G glycoprotein. In one approach, direct binding of Nipah G to receptor was 
obtained, and the identity of the receptor was determined by protein sequencing and 
bioinformatics.°%° In another approach, microarray analysis was used to identify mRNAs that 
were expressed in Henipavirus-susceptible cells and not in cells refractory to Henipavirus 
infection.** Ephrin B2 is a member of a family of cell surface glycoprotein ligands that bind 
to ephrin (Eph) receptors, a large family of tyrosine kinases. The identification of ephrin B2 
as the cellular receptor for both HeV and NiV and the widespread occurrence of ephrin B2 in 
vertebrates, particularly in arterial endothelial cells and in neurons, provides an explanation 
for the wide host range of the zoonotic henipaviruses and their ability to cause systemic 


infections. !4” 


Paramyxovirus Attachment Protein Organization 


The paramyxovirus attachment glycoproteins are both multifunctional proteins and the major 
antigenic determinant for the humoral immune response. They are responsible for the 
adsorption of the virus to target cells, either through contact with sialic acid—containing cell 
surface molecules (Respirovirus and Rubulavirinae HN) or specific interaction with 
proteinaceous receptors (Morbillivirus H and Henipavirus G). Independent of the chemical 
nature of the host cell receptor, subsequent to particle binding, the attachment proteins trigger 
fusion between viral envelope and target cell membranes, mediated through the F 
glycoprotein (see below). In addition, HN proteins mediate enzymatic cleavage of sialic acid 
(NA activity) from the surface of virions and the surface of infected cells. By analogy with 
the role of influenza virus NA, it seems likely that the role of this NA activity is to prevent 
self-aggregation of viral particles during budding at the plasma membrane. These dual 
activities of HN can be modulated by halide ion concentration and pH.°°' Whereas chemical 
properties of the extracellular environment are optimal for hemagglutination activity, 
paramyxovirus NAs have acidic pH optima (pH 4.8—5.5), suggesting that NA acts in the 
acidic trans-Golgi network to remove sialic acid from the HN carbohydrate chains and from 
the F protein carbohydrate chains. 


The attachment protein polypeptide chain ranges from 420 (NiV) to an exceptional 1,052 
residues (Tailam virus) but, in most cases, is approximately 600 residues in length. HN 
proteins of some NDV strains are synthesized as biologically inactive precursors (HN,) that 


are activated through proteolytic removal of 90 residues from the C-terminus.?°°79:4 AJ] 


paramyxovirus attachment proteins are type II integral membrane proteins that span the 
membrane once and contain an N-terminal cytoplasmic tail, a single N-terminal 
transmembrane (TM) domain, a membrane-proximal stalk domain, and a large C-terminal 
globular head domain.*!* The globular head domain harbors the receptor binding and, in the 
case of HN proteins, enzymatic activity.4°*°!7°9” The protein is glycosylated and contains 
from four to six potential sites for the addition of N-linked carbohydrate chains. For PIV-5 
and NDV HN and for MeV H, four sites are used.**?°°!*° The attachment proteins are 
noncovalently associated to form a tetramer, based on biochemical, cross-linking, EM, and 
structural studies, which, depending on the paramyxovirus, can be composed of two 
disulfide-linked dimers.°0:109.297,930,352,399,400,457,998,656 The covalent linkage occurs through 
cysteine residues at the C-terminal end of the stalk domain, adjacent to the beginning of the 
head domain. The stalk domain is instrumental in tetramerization,’!®°° while the head 
domains expressed in isolation remain monomeric. !0%797® 


The structure of the enzymatically active head domain of the attachment protein has been 
predicted to be similar to that of other NAs or sialidases, such as influenza NA,'°* with the 
globular head composed of identical subunits arranged with fourfold symmetry. Each NA 
domain was expected to exhibit the  six-blade propeller fold typical of 


neuraminidase/sialidase structures from viral, protozoan, or bacterial origin.°8°%794°9* The 


predicted structure of the attachment protein head domain was confirmed by the x-ray 
structures of soluble NDV, HPIV-3, and PIV-5 HN,!®297:656,658 soluble MeV H,222:215,660 
and soluble NiV G**°*? globular regions, and it shows the typical sialidase fold consisting of 
six antiparallel 6 strands organized as a super barrel with a centrally located active site (Fig. 
12.15). The sialidase fold was conserved even in MeV and NiV attachment proteins that bind 
to proteinaceous receptors and have accumulated mutations eliminating NA catalytic activity. 
For PIV-5, the HN structure was determined with a bound uncleaved receptor sialyllactose°”© 
(Fig. 12.16). The seven highly conserved active site residues found in NA and sialidases are 
found in the paramyxovirus HN structures. Superimposition of the NDV, HPIV-3, and PIV-5 
HN monomer structures indicated a high degree of conservation on one face of the molecule 
with the other face containing more variability and additional protein loops.°© 
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FIGURE 12.15 PIV-5 HN monomer structure and comparison with NDV HN 
and HPIV-3 HN. A and B: Schematic cartoon diagrams showing top and side 
views of PIV-5 HN. Helices are shown in cylinders, and f strands are shown in 
arrowed belts. The N-terminus is shown in blue, and the C-terminus is shown in 
red. The missing loop from residues 186 to 190 is indicated as a dashed blue 
line. C and D: Ribbon diagram of the superposition of PIV-5 HN with NDV and 
HPIV-3 HN, shown in top and side views. Major differences in the PIV-5, NDV, 
and HPIV HN structures are colored red, blue, and green, respectively. Areas of 
major structural differences are labeled, and the highly variable face of the HN 
monomer is highlighted. (Adapted from Yuan P, Thompson T, Wurzburg BA, et 
al. Structural studies of the parainfluenza virus 5 hemagglutinin-neuraminidase 
tetramer in complex with its receptor, sialyllactose. Structure 2005;13: 803-815, 
with permission. ) 
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FIGURE 12.16 PIV-5 HN tetramers. Active sites are marked by space-filling 


representations of the ligand sialyllactose. The four subunits are shown in 
different colors. A: Top view of the PIV-5 HN tetramer arrangement. B: Side 
view of the PIV-5 HN tetramer arrangement, with a 60-degree packing angle 
between dimers. (Adapted from Yuan P, Thompson T, Wurzburg BA, et al. 
Structural studies of the parainfluenza virus 5 hemagglutinin-neuraminidase 
tetramer in complex with its receptor, sialyllactose. Structure 2005;13: 803-815, 
with permission. ) 


It has long been debated whether the hemagglutinin and NA activities of the HN-type 
attachment proteins involve one or two separate sialic acid-binding sites,10%409-998.8 The 
disparate theories of one site with dual function or of two distinct sites that are intimately 
related are both consistent with the observation that sialic acid—derived NA inhibitors 
interfere with receptor binding.*°>°*°!8 A single site can provide both hemagglutinin and 
NA activities by binding sialic acid tightly and hydrolyzing the molecules slowly.°?!® For 
NDV HN, two sialic acid sites have been observed in the x-ray structures: one is the active 
site and the second site is located at the dimer interface.°°® Strong biological evidence 
supports the notion of a second sialic acid-binding site in NDV.*°“©° Mutagenesis of a key 
residue involved in the dimer interface sialic acid—binding site abolishes sialic acid binding 
to the second site.*? However, virus containing this key residue mutation is only marginally 
affected in growth properties.*? For HPIV-3 and PIV-5 HN, not only was a second sialic acid 
molecule not observed, but the PIV-5 HN molecule is also unable to form the second sialic 
acid-binding site between two monomers due to changes in sequence and 
conformation.?”°°° Thus, the biological importance of the second sialic acid—binding site in 
NDV HN is unclear. 


From the structural studies of NDV HN, it was also suggested that the NA domain could 
form two distinct dimeric assemblies that were ligand dependent.'°° One of the dimers, 
observed after cocrystallization with ligand, formed an extensive buried interface, while the 
second dimer, crystallized in the absence of ligand and at low pH, formed a much smaller 
interface. Conformational changes were observed in the paramyxovirus attachment protein 
upon ligand binding, but the dimer of HN that is observed in the HPIV-3 and PIV-5 structures 
occurs in the absence of ligand binding, and there is no crystallographic or biochemical 
evidence that ligand binding influences the oligomeric status of the attachment protein 
tetramer itself.°%297319,656 


The attachment protein tetrameric arrangement®®®® is unusual because, rather than 
having fourfold rotational symmetry as might be anticipated, it is arranged with two twofold 
symmetry axes that are orientated at 60 degrees to each other and in the crystal lattice, 
allowing neighboring dimers and tetramers to associate in infinitely long oligomers. The 
calculated buried surface area for each monomer in the PIV-5 HN dimer is 1,818 A.5°° In 
contrast to the dimer interaction, the dimer-of-dimers interface is much smaller, involving 


only 10 residues and burying only 657 A.°°° The small surface of interaction suggests that 
the arrangement is not very strong and that the head domain dimers may dissociate. 


Upon being transported to the cell surface, the PIV-5 HN protein is rapidly internalized 
by the clathrin-mediated endocytosis pathway.°°° The signal for internalization is unusual 
because it is not located in the cytoplasmic tail but rather at the boundary of the TM domain 
and the ectodomain.°”° The reason for the internalization of PIV-5 HN, a process seemingly 
in conflict with virus assembly, is not known. 


Paramyxovirus Fusion Protein Organization 


The paramyxovirus fusion (F) proteins mediate viral penetration by fusion between the viral 
envelope and the host cell membranes at neutral pH. The consequence of the fusion reaction 
is that the nucleocapsid is delivered to the cytoplasm. Later in infection, coexpression of the 
F proteins and the homotypic attachment proteins at the plasma membrane of infected cells 
can mediate fusion of the infected cell with uninfected neighboring cells to form 
multinucleated giant cells (syncytia), the hallmark cytopathic effect associated with 
paramyxovirus infection in cell culture that can lead to tissue necrosis in vivo and might be a 
mechanism of virus spread. 


The F proteins are type I integral membrane proteins with a single TM domain and short 
C-terminal cytosolic tails. The physiological oligomer is a noncovalently associated 
homotrimer.®®201505.637,647,648 First synthesized as inactive precursor proteins (FO), F 
proteins must be cleaved by a host cell protease at a specific cleavage activation site located 
in the ectodomain to be biologically active. This proteolytic maturation step generates a 
larger, membrane-integral F1 subunit and shorter F2 ectodomain subunit that remains 
connected to F1 through an intra-monomeric disulfide link.**!°!° A short hydrophobic 
membrane attack domain, the fusion peptide, is located at the newly liberated N-terminus of 
the F1 subunit. The paramyxovirus F genes encode 540 to 580 residues. The FO protein 
carries at the N-terminus a cleavable signal sequence that targets the nascent polypeptide 
chain to the membrane of the endoplasmic reticulum (ER) for cotranslational ER import. 
Located near the C-termini, a hydrophobic stop-transfer TM domain anchors the protein in 
the membrane leaving a short cytoplasmic tail of approximately 20 to 40 residues. Sequences 
adjacent to the fusion peptide and the TM anchor domain typically reveal a 4—3 (heptad) 
pattern of hydrophobic repeats and are designated HRA and HRB, respectively. 
Approximately 250 residues separate the HRA and HRB domains (Fig. 12.17A). 
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FIGURE 12.17 The F protein prefusion structure. 


A: Schematic diagram of the F-GCNt domains. Important domains are colored, and their 
corresponding residue ranges indicated. 


B: Ribbon diagram of the F trimer, with each chain colored by residue number in a gradient 
from blue (N-terminus) to red (C-terminus). The head and stalk regions are indicated. HRB 
linker residues 429 to 432 could not be modeled in one subunit and had high temperature 
factors in the other two. 


C: Ribbon diagram of one subunit of the F trimer colored by domain. The domains are 
labeled and the colors correspond to those used in (A). The cleavage/activation site is marked 
by an arrow. 


D: Top view of the trimer colored as in (A). Cleavage/activation sites are indicated by 
arrows. 


E: Surface representation of the F trimer colored by subunit. The fusion peptide exposed 
surface is shown in blue. 


F: Close-up view of the fusion peptide (residues 103-128). The peptide is folded back on 
itself with a small hydrophobic core and contains a mixture of extended chain, 1 B strand, and 
a C-terminal a-helix. The fusion peptide is sandwiched between two subunits of the trimer, 


between DII and DIII domains. (Adapted from Yin HS, Wen X, Paterson RG, et al. Structure 
of the parainfluenza virus 5 F protein in its metastable, prefusion conformation. Nature 
2006;439: 38-44, with permission.) 


G-I: Crystal structures of the prefusion forms of HPIV-5 (PDB ID: 4WSG),*°* NiV (PDB 
ID: SEVM),°°® and MeV F (PDB ID: 5YZC)*°! proteins displaying the similar overall 
structure and domain architecture of paramyxovirus F proteins. 


J: Close-up of the MeV F monomer, showing the docking pose of the small-molecule MeV 
entry inhibitor AS-48 (red spheres) that was identified in cocrystals.*°' The compound binds 
at the intersection of the top of the prefusion F stalk with the head domain. The location of 
the N462 resistance hot spot to AS-48!°° is shown as black spheres. 


Like other viral and cellular fusogenic proteins, the paramyxovirus F proteins are 
believed to be membrane-bending machineries that drive membrane fusion by coupling 
irreversible protein refolding to the localized introduction of extreme negative curvature into 
juxtapositioned donor and target membranes.®**°° Initially folding into a metastable 
prefusion form, they undergo a series of discrete/stepwise conformational changes to a lower 
energy state, the postfusion form, when triggered.**°.7®° Cleavage of FO primes the protein 
for productive membrane fusion by liberating the internal N-terminus of the fusion peptide, 
but uncleaved soluble FO complexes are capable of refolding into a postfusion-like 
conformation (discussed below).°*” The varying nature of the residues found at the cleavage 
site, the enzymes involved in cleavage, and the role of cleavage in pathogenesis are discussed 
later in this chapter. 


Comparison of the amino acid sequences of paramyxovirus F proteins (reviewed in 
Ref.°”“) does not show major regions of sequence identity overall, with the exception of the 
fusion peptide, which has a conserved sequence (up to 90% identity). However, the overall 
placement of cysteine, glycine, and proline residues suggests a similar structure for all F 
proteins and a conserved intramonomeric disulfide bond scaffold of the F ectodomain. The 
Respirovirus and Rubulavirus F2 and F1 subunits are glycosylated, and there are a total of 
three to six potential sites for the addition of N-linked carbohydrate. For PIV-5 F protein, it is 
known that all four potential sites for addition of N-linked carbohydrate are used.!’ The MeV 
F protein contains three sites in the F2 subunit for N-linked carbohydrate addition, and all 
three sites are used; there are no sites in F1 for N-linked carbohydrate addition.® 


Class I viral fusion proteins 


The paramyxovirus F proteins belong to the class I viral fusion protein type, of which the 
longest-standing and structurally first characterized member is the influenza virus 
hemagglutinin (HA). In addition to the ortho- and paramyxoviruses, major human and animal 
viral pathogens feature class I fusion proteins including the retroviruses (i.e., HIV-1 
Env/gp160), coronaviruses (i.e., SARS coronavirus S), filoviruses (i.e., Ebola virus G), and 


pneumoviruses (i.e., RSV F).89149146248.455 Models for class I viral fusion protein-mediated 
membrane merger have been developed, until recently, primarily based on the structural 
studies of HA.°*® The general mechanism for class I viral fusion proteins comprises initial 
folding of the uncleaved protein into a metastable prefusion state, which can be activated 
through distinct, virus family—characteristic stimuli to undergo large structural 
reorganizations into a thermodynamically more stable postfusion conformation. The 
attainment of the prefusion state, its regulation, and its relative free energy as compared to 
the postfusion form are all key to the process by which class I viral fusion proteins function. 


Class I viral fusion proteins and the helical hairpin (core trimer) 


Biophysical data indicated that HRA and HRB form a complex, and crystallographic studies 
have shown that HRA and HRB associate into a helical hairpin or six-helix bundle (6HB) 
structure (core trimer) that is reminiscent of the low-pH—induced proteolytic fragment of 
influenza virus HA (TBHA2). The core trimers of PIV-5 and hRSV F,!%294°! HIVv 
gp41,°*7683,629 Moloney murine leukemia virus envelope protein,!°® Ebola GP2,°°*°°° and 
HTLV-17”° fusion proteins all share this similarity in structure (Fig. 12.18A). Although the 
structural details vary, all reveal a trimeric coiled coil beginning near the C-terminal end of 
the hydrophobic fusion peptide. The C-terminal segment abutting the TM domain is also 
often helical and packs in an antiparallel direction along the outside of the N-terminal coiled 
coil, placing the fusion peptides and TM anchors at the same end of a rod-like structure (for 
PIV-5 6HB, see Fig. 12.18A). These 6HBs typically represent a relatively small fraction of 
the intact fusion protein, yet their structures are generally extremely thermostable, with 
melting temperatures near 100°C. Intermediates along the pathway of membrane fusion can 
be trapped by the addition of peptides derived from either the N-terminal (HRA) or the C- 
terminal (HRB) heptad repeat regions for many class I fusion proteins,!4°'49:197909,655 
indicating that the intact protein undergoes multistep conformational changes that 
consecutively expose both HR regions, prior to assembly of the final 6HB. While structurally 
not yet characterized, these intermediates are believed to represent partially refolded forms of 
the fusion protein, with the hydrophobic fusion peptide anchored in the target cell membrane 
and the TM domains integrated in the viral envelope. The formation of the 6HB is linked to 
the merger of lipid bilayers and is believed to couple the free energy released on protein 
refolding to membrane fusion.*°?°°? Resembling the requirements for HIV gp41—mediated 
fusion pore opening,*© however, transition of paramyxovirus F into a 6HB causes fusion 
without full closure of the bundle configuration.” 
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FIGURE 12.18 The F protein postfusion structure. A: The complete PIV-5 F1 
core trimer is shown with the N1 helix colored gray and the C1 peptide colored 
blue, except for the extended chain N-terminal residues of C1 that are colored 
red. B: Ribbon diagram of the HPIV-3 solFO trimer. The three chains are colored 
similarly from blue (N-terminus) to red (C-terminus). Residues 95 to 135 are 
disordered in all chains. Residue 94 is labeled in one chain, and residues 136 to 
140 at the base of the stalk are ordered in one chain due to crystal packing 
interactions. C: Surface representation of the solFO trimer. Each chain is a 
different color, and domains I to IIIT and HRB for one chain (yellow) are indicated 
by the DI, DII, DIII, and HRB labels. One radial channel is readily apparent 
below domains I and II of the yellow chain and above domain III of the red 
chain. D: Ribbon diagram of the solFO protein monomer colored by domain. The 
direct distance within one monomer between residue 94 at the end of HRC and 
residue 142 at the base of the stalk region is 122 A. E: Ribbon diagram of the 
monomer rotated by 90 degrees, indicating the width and height of the solFO 
monomer. An arrow at the C-terminus of the HRB segment points toward the 
likely position of the transmembrane anchor domain that would be present in the 
full-length protein. (Adapted from Yin HS, Paterson RG, Wen X, et al. Structure 
of the uncleaved ectodomain of the paramyxovirus (hPIV3) fusion protein. Proc 
Natl Acad Sci USA 2005;102: 9288-9293, with permission.) 


Atomic structures of the paramyxovirus F protein 


Structure of the prefusion F protein 


The crystal structures of the PIV-5 F protein ectodomain, and subsequently of NiV, HeV, and 
MeV F, have been determined in their metastable prefusion forms.*°)°”,%°®-648 To solve the 
atomic structures, the secreted PIV-5 and HeV F proteins were stabilized by the addition of a 


soluble trimeric TM domain (GCNt) that supplants the hydrophobic TM domain, or in the 
case of MeV F through engineered disulfide bonds added to the membrane-proximal F stalk 
domain. In all cases, the F trimer was found to have a large globular head attached to a three- 
helix coiled-coil stalk formed by HRB (Fig. 12.17B—E), orienting the head away from the 
viral membrane. The F head contains three domains (DI—DIII) per subunit that extend around 
the trimer axis, making extensive intersubunit contacts. A large cavity is present at the base 
of the head, with the bottom and sides formed by DI and DII. DIII (residues 42—278) covers 
the top of the cavity, HRA, and the fusion peptide (Fig. 12.17B—F). At the C-terminus of DI, 
an extended linker to HRB wraps around the outside of the trimer and into the center of the 
base of the head where the stalk begins. The structure has three lateral vertices projecting 
from the trimer axis, exposing the cleavage/activation sites adjacent to the fusion peptides 
(Fig. 12.17C, D). Helices line the central threefold axis at the top and bottom of the trimer. In 
DIII, two sets of six helices form rings sealing the top of the head, while the HRB three-helix 
bundle seals the bottom (Fig. 12.17D). The network of noncovalent interactions between the 
top of the stalk and base of the head domain is considered to contribute to conformational 
stability of the prefusion F trimer, and a cocrystal structure of MeV F with a small-molecule 
MeV entry inhibitor stabilizing an F prefusion conformation!?®*°° demonstrated specific 
targeting of this intersection by the compound”! (Fig. 12.17G—J). 


Illustrated by example of prefusion PIV-5 F, the hydrophobic fusion peptide (residues 
103-128) is wedged between two subunits of the trimer (Fig. 12.17E). The N-terminal end of 
the fusion peptide is exposed at the F surface and then proceeds inward, becoming 
increasingly buried from solvent. The fusion peptide adopts a partly extended, partly 6 sheet, 
and partly a-helical conformation and is sandwiched between DIII of its own subunit and DII 
of another. Residues 107 to 117 pack against the hydrophobic edge of the neighboring DII 
domain. The fusion peptide folds back on itself, forming a small hydrophobic core between 
its N- and C-terminal ends, making less extensive contacts with DIII (Fig. 12.17E, F). 
Proteolytic maturation of FO might allow the N-terminus of the fusion peptide to make 
additional contacts with DII and to affect intersubunit interactions, but the transition of 
prefusion paramyxovirus F from the uncleaved to cleaved form does not entail a major 
relocation of the fusion peptides, as has been described, for instance, for influenza virus HA 
fusion peptides.°°! The crystal structure of soluble NiV F, expressed at high concentration, 
revealed a unique high molecular weight supercomplex that was interpreted as a hexameric 
ring of F protein trimers.°°° The physiological significance of this higher-order F 
organization is not known, and analogous supercomplex structures have not been noted in 
crystals of PIV-5, MeV, or HeV F. It is furthermore challenging to reconcile a ring-like F 
arrangement with the regular F layer, arranged in sync with the M protein array, that was 
revealed by reconstruction of cryopreserved near-native MeV virions (Ref.*® discussed 
below). 


Structure of the postfusion form of the F protein 


The atomic structure of intact uncleaved F protein in its postfusion form®*’ has also been 


determined. The structure of the HPIV-3 F protein was solved by molecular replacement 


using as a model a fragment of the NDV F structure that had been obtained earlier.°? The 
NDV F structure had revealed a trimer, with distinct head, neck, and stalk regions. 


The HPIV-3 F also forms a trimer, with distinct head, neck, and stalk regions (Fig. 
12.18A—D). The only part of the structure lacking electron density is the fusion peptide and 
cleavage site, but these residues would be draped flexibly on the exterior of the stalk region. 
Given that the uncleaved F ectodomain was secreted from cells by removal of the TM 
domain, it was initially unexpected that the structure contained a 6HB (Fig. 12.18A—D) that 
represents the postfusion conformation of the protein. It had been widely anticipated that 
cleavage of F at the cleavage site was a requirement for conversion to the postfusion form. 
Nonetheless, many lines of evidence suggested that the observed HPIV-3 conformation 
represented the postfusion form, although the polypeptide chains were intact in the crystal 
and the fusion peptide was not located at the appropriate end of the 6HB: (a) the 6HB was 
well formed and undistorted, similar to the previously determined PIV-5 and hRSV F 6HB 
structures!®-°°; (b) the HPIV-3 structure appeared to be inconsistent with peptide inhibition 
data that show, at least for PIV-5 F, that the HRA and HRB peptides are exposed at distinct 
steps of the membrane fusion reaction?’; (c) the HPIV-3 structure does not provide a simple 
mechanism for how membrane fusion could be achieved. Cleavage of the HPIV-3 solF0O 
protein would appear to simply allow repositioning of the fusion peptide to the N-terminus of 
the HRA coiled-coil and concomitant insertion into the anchoring membrane for the TM 
domain; and, (d) the HPIV-3 structure did not explain the behavior of F protein mutants that 


destabilize the prefusion conformation of F and significantly enhance its membrane fusion 
activity.89138.292,442,504,647 


The observation that the soluble, secreted HPIV-3 and NDV F proteins were in the 
postfusion conformation was unexpected, and there are at least two possible explanations for 
this finding. First, the TM anchor (and potentially the cytoplasmic tail®**) could be an 
important determinant of the stability of the prefusion conformation, providing a significant 
fraction of the energy barrier that traps the protein in a metastable state. In this case, the 
secreted protein may fold into the prefusion form transiently but then refold to the postfusion 
conformation. A second possible explanation for the structural results is that the TM domain 
is important for the protein to attain the prefusion metastable state and that, in the absence of 
this region, the soluble F protein folds directly to the final, most stable postfusion 
conformation. In either case, it appears that the amino acids constituting the intact F protein 
ectodomain are not sufficient for the protein to fold to and maintain a metastable 
conformation. Hence, to preserve a soluble form of a paramyxovirus F protein in its 
metastable form, the prefusion stalk domain had to be stabilized either through in-frame 
addition of a trimeric GCNt or bacterial fold on domain as mimetics of the hydrophobic TM 
domain*®:°?7,68 or a scaffold of engineered disulfide bonds.7°! 


Comparison of the pre- and postfusion F structures 


The available prefusion F structures and the HPIV-3 postfusion F structure are in strikingly 


different conformations (Fig. 12.19), consistent with a transition from pre- to postfusion 
forms. None of the intersubunit contacts are conserved in the pre- and postfusion forms. The 
two F conformations are related by flipping the stalk and TM domains relative to the F head. 
Substantial compacting of the head is observed in HPIV-3 postfusion F compared to the 
prefusion F structures. DI domains pivot slightly inward, shearing intersubunit contacts, and 
DIT domains swing across, contacting neighboring subunits. Individual DI and DIT domains 
in the two conformations remain similar. Closely related forms of the paramyxovirus F 
proteins have been observed in electron micrographs and crystal structures of RSV F of the 
pneumovirus family.®>!79355,356,500,501 
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FIGURE 12.19 Structural changes between the pre- and postfusion F protein 
conformations. A: Ribbon diagram of the PIV-5 F-GCNt trimer. DI is colored 
yellow, DII is colored red, DIII is colored magenta, HRB is colored blue, and 
GCNt is colored gray. B: Ribbon diagram of the HPIV-3 (postfusion) trimer, 
colored as in (A). 

C: Ribbon diagram of a single subunit of the PIV-5 F-GCNt trimer, colored as in (A), except 
for HRA residues, which are colored green. D: Ribbon diagram of a single subunit of the 
HPIV-3 F trimer, colored as in (C). (Adapted from Yin HS, Wen X, Paterson RG, et al. 


Structure of the parainfluenza virus 5 F protein in its metastable, prefusion conformation. 
Nature 2006;439: 38—44, with permission.) 


DIIT undergoes major refolding between the two structures, projecting a newly assembled 
coiled coil (HRA) upward and away from DI, the prefusion stalk and the viral membrane. 
The fusion peptides, located at the top of this HRA triple helix coiled coil, move 


approximately 115 A from their initial position between subunits in the prefusion 
conformation, allowing DII domains to reposition. None of the postfusion HRA intersubunit 
coiled-coil contacts are observed in the stabilized F structures. Instead, they are replaced by 
two sets of six-helix rings at the DIII interfaces (Fig. 12.17D). To assemble the HRA coiled 
coil to form, DIII must rotate and collapse inward, further compacting the head. In the 
prefusion conformation, HRA is broken up into four helices, two f strands, and five loop, 
kink, or turn segments. Thus, the conformational changes in HRA involve the refolding of 11 
distinct segments into a single, extended a-helical conformation (Fig. 12.20). 
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FIGURE 12.20 F protein refolding: the role of DIIT in HRA folding and 
transformation. A: HRA refolds from 11 distinct segments (h1, h2, b1, b2, h3, 
h4, and the intervening residues) in the prefusion conformation into a single 
approximately 120-A-long helix in the postfusion form. B: Secondary structure 
diagram for DIII in the prefusion (PIV-5) conformation. The “DIII core” includes 
three antiparallel strands, HRC, a helical bundle (HB), and h4 of HRA. HRA 
segments are colored as in (A), and the cleavage site (//) and fusion peptide are 
indicated. The DIII core sheet is extended by the b1 and b2 strands from HRA. 
C: Secondary structure diagram for DIII in the postfusion (HPIV-3) 
conformation colored as in (B). The DIII core sheet is extended by one strand 
from HRB linker from a neighboring subunit (dark violet). (Adapted from Yin 
HS, Wen X, Paterson RG, et al. Structure of the parainfluenza virus 5 F protein 
in its metastable, prefusion conformation. Nature 2006;439: 38-44, with 
permission. ) 


The conformational change also requires the opening and translocation of the HRB stalk 
(Fig. 12.19). In the prefusion form, HRB is located at the base of the head region. During the 
conversion to the postfusion conformation, HRB segments must separate and swing around 


the base of the head to pack against the HRA coiled coil (hairpin formation). Since the C- 
terminal residues of HRB are neighboring the TM domains anchored in the viral envelope, 
hairpin formation most likely entails asymmetric refolding of individual monomers 
constituting the F trimer. 


The mechanism of paramyxovirus-mediated membrane fusion 


The pre- and postfusion F structures suggest how discrete refolding intermediates are coupled 
to the activation and progression of F-mediated membrane fusion. Although proteolytic 
cleavage of the paramyxovirus F protein is required for membrane fusion activity, it is not 
necessary for the formation of the postfusion conformation. In a current model of membrane 
fusion, the HRB helices melt in a first step (open-stalk form, Fig. 12.21), breaking 
interactions at the base of the head but leaving HRA in the prefusion conformation. This 
intermediate is consistent with effects of mutations of PIV-5 F residues 443, 447, and 449, 
peptide inhibition data, and inter-monomeric disulfide bonds engineered to link the top of 
prefusion MeV F stalk to the base of the head domain.2°°447°°°%% These disulfide bonds 
covalently stabilized prefusion F but allowed fusion to proceed when exposed to reducing 
conditions. HRA-derived peptides, which likely bind to the endogenous HRB segment, 
inhibited an early intermediate along the fusion pathway, while HRB-derived peptides 
inhibited a later intermediate by binding the endogenous HRA coiled coil. Opening of the 
HRB stalk could initiate further changes in F by affecting the packing of DII and the fusion 
peptide (through the HRB linker) and by affecting the stability of the head intersubunit 
contacts, which shift during the conformational transition. It seems possible that transient 
dissociation of the F trimer could occur, analogous to dimer-to-trimer transition characterized 
in alpha- and flavivirus fusion proteins. The open-stalk intermediate is then likely followed 
by refolding of DIII, the assembly of the HRA coiled coil, and the translocation of the fusion 
peptide toward the target cell membrane (Fig. 12.21). This prehairpin intermediate has been 
trapped and coprecipitated with HRB peptides.°°? Removal of the fusion peptide from the 
intersubunit interfaces is believed to enable an inward swing of DI and the formation of new 
contacts with DI of a neighboring subunit, compacting the head. The refolding of DIT] HRA 
would also expose its core B sheet and, together with the inward movement of DII, allow the 
HRB linker (at the C-terminus of DII) to form parallel 6 strands with the DIII core, likely 
preceding and initiating the final positioning of HRB (Fig. 12.21). The assembly of the final 
6HB completes the conformational change and membrane merger. 
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FIGURE 12.21 A model for F-mediated membrane fusion. A: Structure of the 
prefusion conformation. HRB is colored blue, HRA is colored green, and 
domains I, II, and III are colored yellow, red, and magenta, respectively. B: An 
“open-stalk” conformation, in which the HRB stalk melts and separates from the 
prefusion head region. HRB is shown as three extended chains because the 
individual segments are unlikely to be helical. This conformation is consistent 
with a low-temperature intermediate that is inhibited by HRA peptides, but not 
HRB peptides. Mutations of the switch peptide residues 443, 447, and 449 would 
influence the formation of this intermediate by affecting stabilizing interactions 
between the prefusion stalk and head domains. C: A prehairpin intermediate can 
form by refolding of DIII, allowing the formation of the HRA coiled coil and 
insertion of the fusion peptide into the target cell membrane. This intermediate 
can be inhibited by peptides derived from both HRA and HRB regions. D: Prior 
to forming the final 6HB, the close approach of viral and cellular membranes 
may be trapped by folding of the HRB linker onto the newly exposed DIII core, 
with the formation of two f strands. E: The formation of the postfusion 6HB is 


tightly linked to membrane fusion and pore formation, juxtaposing the 
membrane-interacting fusion peptide and TM domains. (Adapted from Yin HS, 
Wen X, Paterson RG, et al. Structure of the parainfluenza virus 5 F protein in its 
metastable, prefusion conformation. Nature 2006;439: 38-44, with permission.) 


The attachment protein activates the F protein for membrane fusion 


The exact molecular triggering mechanism that regulates F protein refolding such that it 
occurs when a target cell is within reach is still unknown, although most paramyxovirus F 
proteins require the presence of the receptor-binding protein (HN, H, or G) for activation of 
cell-to-cell fusion (reviewed in Refs.29*77245°) and engineered paramyxoviruses lacking the 
attachment protein have not been recovered. The precise role of the HN, H, or G protein in 
stimulating the F conformational change remains to be understood, but the emerging picture 
indicates a highly controlled, complex biological machine. 


For all paramyxoviruses, coexpression of F and HN, H, or G is required to mediate viral 
entry. 2:148,227,230,373,509,634,646 Furthermore, typically the homotypic attachment protein (i.e., 
of the same virus), and not a heterotypic protein derived from a different member of the 
family, has to be coexpressed in the same cell as the F protein to promote fusion,?2”72074 
although cases of heterotypic fusion activation between glycoproteins derived from different 
viruses within the same paramyxovirus genus (i.e., for the morbilliviruses) have been 
described.2°* However, expression of the F of PIV-5 alone causes some syncytium formation 
in transient cell-to-cell fusion assays,®2*7:29°.419.440.443 and point mutations within NDV F 
render the protein somewhat HN-independent for fusion.°** It therefore appears likely that 
the different paramyxovirus F proteins have different activation energy thresholds for fusion 
activation and that HN, H, or G enable the F protein to cross this activation energy barrier in 
a receptor binding—dependent manner. 

It was hypothesized that a type-specific interaction would occur between the attachment 
and F protein.7°°788.°5 Tmmunoprecipitation assays show that F and attachment proteins 
coprecipitate specifically,?:!29-7°8.99.944 native MeV F and H proteins were found to first 
interact intracellularly in the ER of the infected cells,*°° and HPIV-3 F and HN have been 
shown to undergo antibody-induced cocapping,“® indicating the formation of a protein 
complex. A lot of effort has been spent on mapping the regions of F and the attachment 
protein that interact. Mutations have been identified in the globular attachment protein head 
domain,'**°° the helix repeat—like domains of the attachment protein stalk 
region, 2771274902,998,421,466,535,565,584,657 and TM anchor***°* that decrease or abolish 
fusogenic activity with no or little effect on receptor recognition. Analysis of the fusion 
promoting activity of chimeric or engineered paramyxovirus attachment proteins largely 
suggests that the stalk domain and, in some cases, parts of the globular head impart 
productive interaction with F.!2+421°84,02 Crystal structures of the NDV HN ectodomain and 
the PIV-5 HN stalk?®°° have revealed a parallel 4-helix bundle arrangement of the stalks, in 


which 11-mer and 7-mer helical repeat sections are separated by a central kink. In the NDV 
HN structure, the dimeric head domains flank the 4-helix bundles with one of the head 
monomers of each dimer directly associating with the stalk (Fig. 12.22). This conformation, 
termed a “heads-down” arrangement, is considered to represent the prereceptor-bound 
arrangement.*? By contrast, the PIV-5 HN crystal structure posited the globular head 
domains oriented away from the stalk and receptor-binding sites facing toward the target 
membrane, which was hypothesized to resemble a_ postreceptor-bound “heads-up” 
organization®** (Fig. 12.22C). Biochemical assessment of native MeV H tetramers revealed 
conformational changes upon receptor binding, suggesting that the HN-based observations 
likely extend to paramyxoviruses binding to proteinaceous receptors.°* Extension of the 
helical MeV H stalk domain by 41 amino acids in a-helical arrangement, corresponding to 
approximately 7.5 nm in pitch or an elongation of the stalk by an additional half of its 
original length, was furthermore compatible with efficient fusion promotion in transient 
expression assays and engineered recombinant virions, provided the extension was placed 
downstream of stalk residue 118,°!47! indicating that MeV H stalk residues membrane- 
proximal of position 118 interact with prefusion F. The structural and biochemical data 
suggest a modular organization of the attachment protein, organized in a receptor-binding 
(head domains) regulatory module and an F-triggering (stalk domain) effector module. First 
demonstrated for PIV-5 HN and confirmed for MeV H, NiV G, and MuV and NDV HN, 
engineered “headless” attachment protein stalk domains are sufficient to specifically trigger 
homotypic F trimers in transient cell-to-cell fusion assays.?”°9°!7!9 Presumably due to 
premature constitutive F activation, however, these isolated effector modules are unable to 


support efficient replication of engineered recombinant viruses.°! 


FIGURE 12.22 Crystal structures of the PIV-5 and NDV HN proteins. 


A: The NDV HN structure (PDB ID: 3T1E) possesses four ectodomains in a “heads-down” 
orientation.°°° The receptor-binding sites (E400, R415, and Y525) are shown as yellow 
spheres. 


B: Structure of the HPIV-5 HN stalk (amino acids of 56-108) (PDB ID: 3TSI) forms a four- 


helix bundle.*® Residues that form the hydrophobic core of the four-helix bundle are labeled. 


C: A crystal structure of the PIV-5 ectodomain (PDB ID: 4JF7) revealed an alternative 


conformation.®°2 In this structure, one head domain dimer is in “heads-down” orientation and 
the other dimer in “heads-up” orientation (black arrows). 


Initial mechanistic models of the fusion process considered that the paramyxovirus 
attachment proteins may stabilize associated F protein trimers in prefusion conformation, 
thus acting like a molecular clamp that prevents F refolding until receptor-binding—induced 
separation of the attachment and F protein oligomers. An implication of this model is that F 
protein trimers expressed in the absence of the attachment proteins should spontaneously 
assume a postfusion-like conformation, potentially immediately after insertion into the ER 
membrane but latest after proteolytic maturation. Through use of monoclonal antibodies that 
selectively recognize conformation-dependent epitopes present only in the prefusion forms of 
the PIV-5, MeV, CDV, or NiV F trimers, however, it was demonstrated that these F proteins 
remained in prefusion conformation when expressed on their own and did not convert to the 
postfusion form unless subjected to a trigger such as heat.*°*’”°4 These observations and the 
constitutive fusion promotion activity of headless attachment protein effector domains called 
for an alternative triggering mechanism. 


Rather than attachment proteins acting as a molecular clamp, the current model of 
paramyxovirus fusion promotion proposes that in the case of paramyxoviruses with HN-type 
attachment proteins featuring relatively short stalk domains, the prereceptor-bound heads- 
down conformation sterically prevents premature contact of prefusion F with the HN stalk 
(Fig. 12.23A). Receptor binding rotates HN head domains into the heads-up configuration, 
giving F access to the now exposed stalk effector module. Subsequent rearrangements in the 
HN stalk-F contact zone may alter the interface with F, activating the F trimer for membrane 
fusion.**? Variations of this triggering mechanism appear to have evolved in the binding of 
paramyxoviruses, such as members of the Morbillivirus genus, to proteinaceous receptors 
(Fig. 12.23B). A seemingly counterintuitive inverse correlation between fusion promotion 
activity and strength of F-attachment protein interaction has been demonstrated for H-type 
and G-type attachment proteins of the Morbillivirus and Henipavirus genus, 
respectively,?®°6”°9 and MeV F-H complexes are tightly associated in early secretory 
compartments of the host cell prior to proteolytic maturation of F and receptor binding of 
H.*°8 Through use of headless MeV H stalks and F mutants stabilized in prefusion 
conformation, it has been shown that the MeV H head domains do not block F access to the 
stalk domain prior to receptor binding.*? Rather, uncleaved MeV FOs tightly preassemble 
with H stalks in the ER, and subsequent F maturation in the Golgi partially destabilizes this 
assembly, preparing for F activation. However, H head domains in prereceptor-bound 
configuration appear to suppress H stalk rearrangements required for F triggering until 
receptor binding. Receptor-induced rotation of the H head domains into a heads-up 
configuration may then be directly linked to stalk rearrangements at the H—F interface, 
triggering F.° The intracellular preassembly of the fusion complexes has been shown to affect 


MeV fusion profiles*® and may account for the extremely high cell-to-cell fusion activity 
characteristic of the Morbillivirus genus. 
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FIGURE 12.23 Models for paramyxovirus fusion activation. Presenting 
variations of common elements, two F activation models are favored for 
paramyxoviruses entering through carbohydrate (i.e, PIV-5) (A) or 
proteinaceous (i.e., MeV) (B) receptors. In (A), the F binding site in the 
attachment protein stalk is masked by the head dimers in heads-down 
configuration until receptor binding. Then, the F binding domain in the stalk is 
exposed and glycoprotein hetero-oligomers associated, triggering F refolding. In 
(B), a longer stalk domain allows tight intracellular preassociation of envelope 
glycoprotein hetero-oligomers. Proteolytic maturation of F late in the secretory 
system relaxes the interaction, and receptor binding by the attachment protein 
head domains induces conformational changes in the tetrameric stalk that trigger 
F refolding. 


(Images copyright © 2019 by Richard K. Plemper, Robert A. Lamb, and Robert M. Cox.) 


Cleavage activation 


As discussed previously, the precursor FO molecule is biologically inactive, and cleavage of 
FO to the disulfide-linked chains F1 and F2 activates the protein, rendering the molecule 
fusion-active and permitting viral infectivity. It is important to remember, however, that F2 
and F1 are not separate domains in the atomic structure of F and thus are not individual parts 
of the protein. Cleavage of FO is a candidate to be a key determinant for infectivity and 
pathogenicity, and for certain viruses, this appears to be the case. Proteolytic activation of FO 
involves the sequential action of two enzymes, the host protease that cleaves at the carboxyl 
side of an arginine residue, and a host carboxypeptidase that removes the basic residues. The 
Paramyxoviridae can be divided into two groups: those that have F proteins with multibasic 
residues at the cleavage site and those with F proteins that have a single basic residue at the 
cleavage site (Table 12.5). Cleavage of F proteins containing multibasic residues at the 
cleavage site occurs intracellularly during transport of the protein through the trans-Golgi 
network. 


TABLE 12.5 Amino acid sequences upstream of the F protein cleavage 


site of some Paramyxoviridae 


SeV G-V-P-Q-S-R| 
HPIV-1 D-N-P-Q-S-R] 
HPIV-3 D-P-R-T-K-R] 
PIV-5 T-R-R-R-R-R] 
MuV S-R-R-H-K-R| 
NDV (virulent strain) GR-R-O-RI 
K 
NDV (avirulent strain) G-KoS 
G-O-R| 
E-R-S 
MeV S-R-R-H-K-R] 
HeV H-D-L-V-D-G-V-K] 
ex-R 


Consensus sequence for furin protease cleavage is 228 


Furin is a cellular protease localized to the trans-Golgi network, and its sequence 


specificity for cleavage is R-X-K/R-R. The available evidence suggests that furin, a 
subtilisin-like endoprotease, is the (or one of the) protease(s) that cleaves most F proteins 
intracellularly (Ref.**°; reviewed in Ref.*”°). 


Paramyxoviruses that have F proteins with single basic residues in the cleavage site (e.g., 
SeV) are not usually cleaved when grown in tissue culture, and, thus, only a single cycle of 
growth is obtained. However, the FO precursor that is expressed at the cell surface and 
incorporated into released virions can be cleavage activated by the addition of exogenous 
protease,’!? leading to multiple rounds of replication. Purification of a protease from the 
allantoic fluid of embryonated chicken eggs has indicated that the endoprotease responsible 
for SeV activation is homologous to the blood clotting factor Xa, a member of the 
prothrombin family.'®*!8° A protease with similar substrate specificity is secreted from Clara 
cells of the bronchial epithelium in rats and mice, and this enzyme is probably responsible for 
activating paramyxoviruses in the respiratory tract. For NDV, the nature of the cleavage site 
correlates with virulence of the virus. Those strains with multibasic residues in the FO 
cleavage site are virulent strains and readily disseminate through the host, whereas strains 
with FO molecules having single basic residues are avirulent and tend to be restricted to the 
respiratory tracts where the necessary secreted protease can be found.?°° 

A variation on the cleavage theme is found with HeV because its F protein does not 
contain a multibasic cleavage site. HeV F is cleaved in expressing cells at the sequence 
HDLVDGVK.,!°° but the K residue is not essential for cleavage.*°° In the search for the 
cleavage enzyme, it was found that inhibition of cathepsin L blocks cleavage,**? suggesting 
cleavage occurs in the endocytic pathway.'*?? 


Other Envelope Proteins 


The Rubulavirinae such as PIV-5 and MuV and the Jeilongvirus paramyxoviruses contain a 
small gene located between F and HN designated SH.'2!*.2!9.308 The PIV-5 SH protein is a 
44-residue, type II integral membrane protein that is expressed at the plasma membrane and 
is packaged in virions. The MuV SH protein is a 57-residue integral membrane protein 
orientated in the opposite direction from the PIV-5 SH protein with a C-terminal cytoplasmic 
domain.!°'°°° Due to the variability in sequence among different strains of MuV, the SH 
gene sequence has been used as marker to identify MuV isolates.°”? PIV-5 lacking SH 
(rSV5deltaSH) grows as well as wild-type in tissue culture cells, but the virus is attenuated in 
vivo.*°° rSV5deltaSH induces apoptosis in L929 and MDCK cells (but not in HeLa cells) 
through a tumor necrosis factor alpha (TNFa)-mediated extrinsic apoptotic pathway.*°°?'4 In 
vivo virus attenuation and a comparable TNFa-mediated effect on pathogenesis were more 
recently reported for Jeilongviruses engineered to lack SH.! While the SH gene has been 
found in all strains of MuV, expression of the SH protein is also not required for MuV 
replication in tissue culture,°°° and in the Enders strain of MuV, a monocistronic mRNA 
encoding SH is not found. MuV SH may have a similar role as PIV-5 and Jeilongvirus SH.°*° 


TM protein, the fourth integral membrane protein of members of the Jeilongvirus genus, 
has been found in association with F and G in biochemical assays and was shown to 
stimulate cell-to-cell fusion activity in cell culture. However, TM was dispensable for growth 


of recombinant viruses in tissue culture.28 


STAGES OF REPLICATION 


General Aspects 


Transient nuclear localization of the matrix protein has emerged as a recurring theme that 
may apply to all Paramyxoviridae, but all aspects of paramyxovirus genome transcription, 
replication, and virion assembly occur in the cytoplasm. A schematic overview of the 
paramyxovirus life cycle is provided in Figure 12.24, and an overview of transcription and 
replication is shown in Figure 12.25. In contrast to, for instance, the Orthomyxoviridae, 
paramyxovirus mRNA synthesis is insensitive to DNA-intercalating drugs such as 
actinomycin D (reviewed in Ref.®4), and the Paramyxoviridae can replicate in enucleated 
cells.*°° In cell culture, single cycle growth curves are generally of 14 to 30 hours’ duration, 
but virulent strains of NDV can complete a replication cycle in as little as 10 hours. The 
effect of viral replication on host macromolecular synthesis is quite variable, ranging from 
almost complete shutoff late in infection for NDV to no obvious effect in PIV-5—infected 
cells. 
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FIGURE 12.24 Schematic representation of the paramyxovirus life cycle. 
Incoming virions (top) fuse with the plasma membrane to release the (—) sense 
nucleocapsid into the cytoplasm. Viral mRNAs are represented by zigzag lines; 
5’ mRNA caps are shown as filled black circles and 3' poly-A tails by (A),. The 


transcription gradient is symbolized. The relative abundance of genomic and 
antigenomic RNPs is not shown. Primary and secondary transcription, stages of 
genome replication, and the role of P proteins in forming P-L polymerase and 
RNA-free N°-P complexes are shown. The V protein has been observed to be 
able to bind the nucleoprotein for MeV and SeV, although the N°_v complex 
seems unable to form nucleocapsids. The newly synthesized RNPs are assembled 


into budding virions through interactions with the M protein. The polymerase 
can prematurely abort replication and release dsRNA structures that can trigger 
innate immune responses. The C proteins limit these phenomena by increasing 
polymerase fidelity, likely through direct binding to L. Nuclear transport of some 
M proteins and nucleolar localization are represented by a dashed arrow. Nuclear 
shuttling observed for some P proteins is represented by a dashed arrow. Integral 
envelope proteins are transported through the host cell secretory system. The 
proposed interactions of some M proteins with host cell ESCRT including 
TSG101 and Alix are represented by dotted lines, and recruitment of ESCRT-III 
and VPS4 to the budding site (bottom) proposed for some paramyxoviruses is 
shown. Release of progeny virions is thought to occur from the plasma 
membrane. (Images copyright © 2019 by Richard K. Plemper and Julien 
Sourimant.) 
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FIGURE 12.25 Schematic of the paramyxovirus negative-sense genomic and 
positive-sense antigenomic RNA. The locations of the 3’-end promoter element I 
(PrE-I) and internal promoter element II (PrE-II) are indicated by blue oval 
circles; color-coded areas refer to transcribed sections. The 5’ end of the 
antigenome contains sequences that are the compliment to the genomic RNA 
promoter and are partially complimentary to the 3’ region of the antigenomic 
RNA. Transcription products are represented with black zigzag lines above the 
schematic genome, MRNAs are represented with a 5’ cap (black dot) and a poly- 
A tail: (A)n. The 5’ cap of paramyxoviruses has a cap-1 structure typical of 
eukaryotic mRNAs. Guanine-7-methylation activity has been shown to be 
carried by the L protein of SeV, RPV and PPRV, and conserved motifs among 
mononegaviruses and MTases suggest that the L may also mediate ribose-2'O- 
methylation. PrE-II function and the P/V mRNA editing site are optimized for 


most paramyxoviruses based on their position relative to the RNP phase. (Images 
copyright © 2019 by Richard K. Plemper and Julien Sourimant.) 


Virus Adsorption and Entry 


It has long been accepted that molecules containing sialic acid (sialoglycoconjugates) serve 
as cell surface receptors for the respiroviruses and Rubulavirinae. This was originally based 
on the finding that sialidase of Vibrio cholerae acted as a “receptor-destroying enzyme” and 
protected the host cell from infection (reviewed in Ref.*“°). Sialic acid, the acyl derivative of 
neuraminic acid, is found on both glycoproteins and lipids (sialoglycolipids or gangliosides). 
For SeV, gangliosides function as both the attachment factor and the viral receptor.*+!~**? As 
described above, the morbilliviruses and henipaviruses bind to proteinaceous receptors 
displayed on the target cell surface; cognate receptors for the morbilliviruses are the host 
species-specific homologues of human SLAM and _ nectin-4, while the zoonotic 
henipaviruses use highly conserved ephrin-B2 and ephrin-B3 for cell entry. Upon adsorption 
of the virus to the cellular receptor, the viral envelope fuses with the target membrane at 
neutral pH conditions, ultimately resulting in release of the helical nucleocapsids into the 
cytoplasm. 


Cryo-ET-based reconstructions of paramyxovirus particles have revealed numerous 
contacts between the M protein arrays and the nucleocapsid, necessitating the existence of a 
specific uncoating mechanism that allows separation of the nucleocapsid from the 
membrane-associated viral proteins after fusion of the envelope with cellular membranes. 
Unlike influenza virus, for instance, that encounters different environmental conditions at the 
assembly site (plasma membrane) and acidic uncoating compartment (endosomes), 
paramyxovirus self-assembly and disassembly are believed to both occur at the plasma 
membrane. Components of the host cell ESCRT machinery have been implicated in 
participating in the assembly and budding process, but the driving force for paramyxovirus 
uncoating is not known. 


Viral RNA Synthesis 


Paramyxoviruses control both the level and type of viral RNA that is synthesized at different 
stages of the infection cycle through the use of cis-acting RNA sequences and trans-acting 
proteins. The relationship between RNA sequences and the RdRP functions that they control 
is particularly complex because these cis-acting signals are only properly recognized when 
they are in the context of the nucleocapsid structure. Overlaying these RNA-encoded control 
elements are regulatory protein-protein interactions between components of the P-L 
polymerase and the RNP and trans-acting accessory proteins that govern specific activities of 
the RdRP. Because all RdRP functionalities are essential for completion of the viral 
replication cycle, synthetic minigenome systems using cDNA-derived viral components that 
allow the targeted assessment of individual activities of the viral polymerase machinery have 
been instrumental for the functional analysis of both cis-acting sequences and regulatory 


protein interactions. 


The paramyxovirus genome expression and replication cycle can be divided into three 
major phases. Early after infection, before the synthesis of appreciable amounts of viral 
proteins (or in the presence of inhibitors such as cycloheximide that block protein synthesis), 
the RdRP, in the primary transcription phase, transcribes viral mRNAs from the incoming 
virus genome (Fig. 12.24). When a sufficiently large N protein pool has been synthesized to 
ensure encapsidation of full-length RNA genome copies, the RdRP in processive replicase 
mode generates (+)-sense antigenomes, which serve as templates to synthesize (—)-sense 
progeny genomes. Both antigenomic and genomic RNAs must be _ encapsidated 
cotranscriptionally. The accumulating progeny genomes then serve as additional templates 
for viral mRNA synthesis in a secondary transcription phase, which yields the message 
required to produce the bulk of the viral proteins. Because of the increasing number of 
template genomes transcribed, viral mRNA copies present in the infected cell expand 
exponentially during secondary transcription, compared to linear accumulation during 
primary transcription.*©° 


Paramyxovirus Promoter Organization 


The paramyxovirus RdRP gains access to the viral genome and antigenome through single 
entry sites located at the 3’ ends. While the promoter present on antigenomes (hence termed 
the antigenomic promoter) only directs the synthesis of full-length genomic RNA, the 
promoter on genome RNA (termed the genomic promoter) is responsible for the generation 
of both mRNAs and antigenomes. Genomic RNA is present in higher copy numbers than 
antigenomic RNA in infected cells,*’? which was originally thought to reflect greater strength 
of the antigenomic than the genomic promoter. Using C protein—deficient recombinant SeV, 
however, it has more recently been demonstrated that the genomic promoter is in fact 
stronger than the antigenomic.**? The greater relative abundance of genomic RNA is 
attributed rather to the C protein, which can interact with the L protein and regulate 
polymerase activity at the promoter.!°%223.2°9.240 The promoters of all paramyxoviruses have 
a bipartite organization, in which the first of two discontinuous promoter elements (PrE-I) is 
located at the 3° end of the RNA strand and the second (PrE-II) between positions 73 and 96, 
depending on the virus,*!7399,969.381,987,618,619 placing the PrE-II sequence within the N or L 
gene for the genomic and antigenomic promoter, respectively (Fig. 12.26A). PrE-I sequences 
are highly conserved within the family, while the PrE-IIs feature three-time repetitions of one 
of two simple motifs, either (CNNNNN), or (NNNNGC)3.7!7399,369,981,987,618,619 Additional 
elements located between antigenomic PrE-I and PrE-II in PIV-5 (bases 51-66) and HPIV-3 
(bases 13-55) are believed to act as nonessential enhancer of replication.*!77°7 
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FIGURE 12.26 Nucleocapsid structure, hexamer phasing of nucleotide 
sequences, and the bipartite replication promoters of the Paramyxoviridae. A: 
Left-handed helix models of the SeV (left) and PIV-5 (right) nucleocapsid 
assemblies. Single N protein protomers (gray spheres with black tail) bind 
precisely six nucleotides, 13 N subunits per helix turn. Numbers refer to the 
position of each N subunit from the RNA 3’ end. The N protomers bound to the 
PrE-I and PrE-IIT elements are colored in blue. Both PrE-I and PrE-II of the 
bipartite replication promoter are found on the same face of the helix. Bases 


oriented toward the solvent are colored in yellow, while bases oriented toward 
the nucleoprotein are represented in red. Note that for the internal PrE-II 
element, essential C residues are located in the first position of each hexamer for 
SeV, whereas GC residues are located in the fifth and sixth positions in the case 
of PIV-5. B: Cartoon representations of the structure of three successive 
protomers of the RNA-bound Ncore structures of MeV (top left) (PDB ID: 
A4UFT) and PIV-5 (bottom left) (PDBank ID: 4XJN). N-terminal domains are 
shown in blue, C-terminal domains in salmon. The central protomers (Nj) are 


colored with increased saturation; RNAs are shown as stick representations. 
Bases oriented toward the solvent are colored in yellow, while bases oriented 
toward the nucleoprotein are shown in red. Center: Magnification of the N-RNA 
interaction, circling and numbering the six bases defining a hexamer phase from 
3’ to 5’. N residues defining the two RNA-binding pockets in PIV-5 RNPs and 
equivalents in MeV RNPs are marked. The residue Q202 of the 
Orthorubulavirus genus is the only residue demonstrated to directly interact with 
an RNA base. Right: 2D representation of the relative base orientation in a 
hexamer phase. The six bases bound to each protomer are numbered 3’ to 5’. The 
nucleoprotein surface is represented in purple; solvent is shown in blue. Gray 
bases are encapsidated by a preceding or subsequent N protomer. (Images 
copyright © 2019 by Richard K. Plemper and Julien Sourimant.) 


As discussed above, precisely six nucleotides interact with each N protein protomer, and 
the phase of interaction determines the orientation of each base toward the outside or the 
nucleocapsid core.°*!93 Furthermore, each turn of the helical nucleocapsid assembly 
comprises on average approximately 12 to 13 N protein protomers. Mapping of the promoter 
elements onto the nucleocapsid structure has revealed that bases forming key sequence 
motifs are placed in phase positions facing outward and that the relative distance of the two 
PrEs relative to each other posits them on the same face of the helix in immediate proximity 
of each other (Fig. 12.26A),126369,381,987,617,618 Tt is believed that the RdRP complex 
recognizes both promoter elements in conjunction, initiating loading onto the template RNA 
and allowing identification of the transcription start site. The correct initial positioning of the 
paramyxovirus polymerase appears to be independent of the 3’ end of the RNA itself, since 
relocation of the SeV bipartite promoter to an internal position did not abolish bioactivity, 
provided relative phase of the PrEs and distance to each other remained intact.°!” 
Experimental support for this promoter model comes from the observations that 
paramyxovirus promoter activity is governed by three factors: (a) the RNA sequence of 
promoter motifs, (b) the relative distance between the PrEs, and (c) the position of promoter 
motifs relative to the hexamer phase imprinted by N encapsidation of the RNA. 


Specifically, mutational analyses of the PIV-5 and SeV antigenomic promoters have 
demonstrated that deletions or insertions in the RNA segment located between the promoter 
elements prevented RNA replication.*°)°°’ Furthermore, it was demonstrated that the overall 
length of a paramyxovirus N-RNA complex can affect the efficiency of RNA replication.°4 
This RNA chain-length requirement was termed the “rule of six,” which entails that efficient 
replication of a paramyxovirus genomic or antigenomic RNA will only occur when the total 
number of nucleotides in the RNA is an even multiple of six. However, there is large 
variability in the stringency to which various groups of paramyxoviruses adhere to the rule of 
six requirements. RNA replication of SeV, all morbilliviruses, and the henipaviruses is 
strictly dependent on adherence to the rule of six. In contrast, the efficiency of PIV-5, NDV, 
and HPIV-3 RNA replication is boosted if genome lengths adhere to the rule of six, but this is 
not a stringent requirement. !4+°°9°8° Tt is currently believed that the rule of six reflects less a 
need for precise genome encapsidation without overhanging terminal nucleotides®!’ but 
rather arises from imprinting the correct hexamer phase on the RNA,““*? orienting key bases 
of the promoter sequence outward and thereby recognizable by the polymerase complex (Fig. 
12.26B).*””°" Correct phase positioning is considered to be a prerequisite for efficient RNA 
editing in the P gene.*’”°°° For HPIV-2, it has been demonstrated that a glutamine residue at 
position 202 of the N protein functions as a gatekeeper for PrE-[]—-dependent RdRP 
initiation.°*? Gln202 is the only residue in the RNA-binding groove that directly contacts a 
nucleotide base and not the backbone in the N-RNA assembly and apparently ensures that 
only genomes imprinted with the correct hexameric phase of the mRNA editing site are 
replicated. 


It should be noted that RNA synthesis can be promoted in vitro from an unencapsidated 
PrE-I,*°° suggesting that successful RdRP initiation on encapsidated template relies on (a) 
recognition of the promoter elements on the nucleocapsid and (b) direct contact of the 
unencapsidated PrE-I element by the polymerase. Since in vivo only N-encapsidated viral 
RNA can serve as template for paramyxovirus RNA synthesis, promoter binding by the 
incoming P-L polymerase complex must be followed by displacing of the N capsid and 
threading of the locally exposed RNA strand into the template channel of the RdRP complex. 
As discussed before, the viral RNA is positioned in the RNP assembly in the groove that is 
created by the parallel alignment of the NTD and CTD folding domains of neighboring N 
protomers. Comparison of PIV-5 N assemblies® with free NiV N°! and direct comparisons 
of PIV-5* and MeV!** N with N° drove the hypothesis that RNA release may result from 
deep-seated local conformational changes upon P-L binding that entail opening of the RNA 
groove through an outward rotation of the CTD.° Alternatively, it was suggested based on the 
overlay of a cryo-EM reconstruction of MuV nucleocapsids with the PIV-5 N crystal 
structure that P-L contacts with a loop—helix domain located adjacent to the central groove 
may be sufficient to unveil the sequestered RNA through a local conformational change, 
bypassing the need for major rearrangements of the tightly assembled N protein core.°°° 
While the precise molecular mechanism of local RNA release from the nucleocapsid remains 
unknown, the N protein core—stabilized by extensive side-to-side interactions between the 


protomers—is considered to be routed over the surface of the RdRP while the locally 
unveiled RNA passes through the RdRP complex, followed by re-encapsidation as the 


template RNA emerges from the template channel.*”’ 


RdRP Initiation 


Different initiation mechanisms of RNA synthesis have been identified for paramyxoviruses 
compared to the pneumoviruses. Two distinct initiation sites, +3 for transcription and +1 for 
replication, have been proposed for RSV, the archetype of the pneumovirus family,*0°°°! 
although initiation at +3 likely represents the default and +1 may result from nontemplated 
preloading of the polymerase with a dinucleotide.'°74°44 Paramyxovirus polymerase 
initiation sites have not been fully mapped yet, but several lines of evidence support 
templated initiation at +1 position!®’: (a) RdRPs preferentially initiate with purine (thus 
opposite a pyrimidine base),*°’ but paramyxovirus promoters contain purines (G residues) at 
positions +2, +3, and in some cases—for instance, the Ferlaviruses—+4 (Fig. 12.27); (b) 
extension of primers representing SeV promoters did not reveal product populations derived 
from internal initiation sites°!°; and (c) unlike the experience with RSV polymerase, for 
instance, the amount of free N protein available is inversely correlated to transcription 
activity of MeV and SeV RdRP,!!°4° consistent with initiation of transcription and 
replication at position +1 by a single pool of polymerases. A current model of paramyxovirus 
RNA synthesis initiation proposes that polymerase alignment with the uridine tract in PrE-I 


drives initiation opposite the +1 position,!»? in all cases starting with pppApC.*”° 
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FIGURE 12.27 Selected 3’ termini sequences (nucleotides 1-15) of the 
Paramyxoviridae and related Pneumoviridae. 


A: Representative sequences from each genus of the Paramyxoviridae. The first three 
nucleotides are overlayed with blue for pyrimidines or green for purines; uracil bases are 
shown in red. Viruses of most Paramyxoviridae subfamilies but the Synodonvirus genus 
initiate with UGG (predominant) or UGA (pyrimidine—purine—pyrimidine), followed by 
uracil repeats. The newly proposed Synodonvirus WTLPV does not follow this pattern, but 
its first three nucleotides UAU (pyrimidine—purine—pyrimidine) are reminiscent of the 
Pneumoviridae 3’ termini, and the uracil-rich region is less defined. 


B: 3' termini sequences (nucleotides 1-15) of selected viruses from members of the 
Pneumoviridae family. Color-coding as in (A). Characteristic are 3’ UGCGC (pyrimidine— 
purine—pyrimidine—purine—pyrimidine) initiation sequences, followed by uracil repeats. 


Initiation of de novo RNA synthesis typically involves an aromatic residue in a priming 
loop that interacts with the incoming first ribonucleotide.!+°°°? While the paramyxovirus 
priming loop is not yet fully defined due to lack of high-resolution native structural 
information, homology models of paramyxovirus L proteins based on the VSV L 
reconstruction have highlighted aromatic residues on the predicted priming loop!° that, 
albeit not fully conserved in all paramyxoviruses, appear homologous to a critical tryptophan 
in the VSV priming loop?''+!4 (Fig. 12.28). Transition of the polymerase complex from 
RNA synthesis initiation to elongation must entail significant reorganization of the 
reconstructed L structure, creating exit channels for both the template and transcript RNA 
strands. Support for a structural reorganization of mononegavirales polymerases at the 
transition from initiation to elongation comes from mechanistic studies with small-molecule 
inhibitors of the related RSV RNA polymerase that did not prevent initiation and extension 
by up to two nucleotides but blocked subsequent RNA elongation.!°*°” Resistance sites for 
one of these compounds were mapped to the L connector domain linking the polymerase 
subunit to the methyltransferase (MTase) and C-terminal domains. Mutations in the SeV L 
capping and MTase domains have furthermore been identified that are distant from the 
catalytic site for phosphodiester bond formation and do not affect L protein steady-state 
levels but prevent RNA synthesis.9?1°8? Although not experimentally validated yet, these 
data suggest that capping, MTase, and C-terminal domains relocate relative to the RdRP core 
domain of the polymerase complex, allowing egress of the nascent strand. 


Priming loop 
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FIGURE 12.28 VSV and MeV RdRP priming loops. Top: 3D structural model of 


the RdRP (cyan) and PRNTase (green) domains of VSV L (PDB ID: 5A22)311 
(A). Conserved motifs in the PRNTase domain are highlighted by red spheres. B: 
Corresponding domains in an MeV L homology model are shown in equivalent 


orientation. Bottom inserts: VSV L residue W1167 located in a priming loop 


facing the polymerase catalytic center is instrumental for RNA synthesis.297:414 


A homologous aromatic residue (F1227) in the predicted MeV L priming loop is 
highlighted. Sequence alignments of selected priming loop structures are shown, 


but presence of an aromatic residue is not fully conserved. Sequence alignments 


were performed using Clustal Omega,24? 


generated using the PHYRE2 homology modeling server. 
(Images copyright © 2019 by Richard K. Plemper and Robert M. Cox.) 


the MeV homology model was 
268 


mRNA Synthesis 


Following initiation of RNA synthesis at the 3’ promoter, the paramyxovirus polymerase 


generates a nontranslated short RNA copy of the leader (le) region of the viral genome. It is 
believed that encapsidation of this leader RNA, which depends on availability of free N°—-P 
complexes, serves as an important determinant for the switch of the paramyxovirus RdRP 
into replicase mode. If left unencapsidated, the leader RNA is typically released before the 
polymerase complex has reached the end of the le region!”°.224785,304,601L610 and the RdRP 
scans the template for the first gene-start (GS) signal, which in all paramyxoviruses is that of 
the N gene. Once the GS is located, RNA synthesis is reinitiated de novo.°°)°!9 All GS 
sequences in the genome resemble the genomic promoter, and initiation of mRNA synthesis 
is consistently with a purine (ATP),*°° suggesting a conserved underlying principle governing 
polymerase contact with the promoter and the GS and incoming ATP. In contrast to original 
initiation at +1 position, however, the scanning polymerase complex is preloaded with 
template RNA, requiring the presence of a fully formed exit channel and thus reducing the 
scope of conformational rearrangements at the switch from initiation to elongation. Nascent 
mRNA strands are expected to be released from the exit channel in proximity to the capping 
domain, enabling efficient capping and methylation (Fig. 12.29). Lack of capping results in 
the release of abortive RNA transcripts from VSV and RSV RdRPs of less than 40 or 50 
nucleotides in length, respectively,2*°.4!9.°° and a similar mechanism may prevent efficient 
elongation of uncapped paramyxovirus pre-mRNAs. SeV MTase expressed in isolation has 
been demonstrated to be able to methylate capped mRNAs in trans,*!° which is consistent 
with successful transcomplementation of distinct mutations in the N-terminal and C-terminal 
domains of SeV L, respectively,-°? and suggests that MTase recognizes a specific RNA 
sequence for activity. 
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FIGURE 12.29 Model of the paramyxovirus transcriptase complex. The 
encapsidated viral genome serves as the template for the RdRP. The P protein 
acts as a bridge between the L polymerase and the RNP template, harboring 
binding sites for both the N and L proteins. The polymerase engages the template 
from the 3’ end of the viral genome, routing the N protein chain over the surface 
of the RdRP after local release of the encapsidated RNA. Nascent mRNAs 


emerge from a proposed exit channel, located in close proximity to the capping 


domain. 
(Images copyright © 2019 by Richard K. Plemper and Robert M. Cox.) 


Starting with the intersection between the N and P gene, all paramyxovirus gene 
junctions comprise three distinct segments: a GE region at the 3’ end of the upstream gene, an 
IG region between the two genes that is normally not transcribed, and a gene-start (GS) 
region signaling reinitiation of transcription of the subsequent gene (Table 12.3). Located 
downstream of the stop codon of each viral gene, the GE sections are 10 to 13 nucleotides 
long and signal the advancing transcriptase complex to terminate RNA synthesis and add a 
poly-A tail at a stretch of four to seven uridine residues, the U tract. The resulting 
approximately 300- to 400-nucleotide—long poly-A tails are nontemplated, however, and are 
considered to be generated through reiterative backsliding of the polymerase complex in the 
U tract region,*’” followed by release of the newly synthesized bona fide mRNA molecule 
through an unknown trigger. Backsliding entails slippage of the nascent strand relative to the 
template RNA within the RdRP active site, although the molecular mechanism enabling this 
movement has not yet been elucidated. Shortening the length of the unstructured C-terminal 
Ntail domains or relocation of the P-binding MoRE domain from Ntail into Ncore has 
lowered the efficiency of GE signal recognition and instead caused the synthesis of 
multicistronic mRNAs with increased frequency.'°*°%* These results suggest that the 
unstructured Ntail sections located upstream of the MoRE may allow structural flexibility 
between the P-L complex and the RNP template that enables efficient backsliding. In addition 
to protein-protein interactions between P-L and the N protein chain, GE sequences determine 
the frequency of readthrough transcription. Although generally infrequent, polymerases of 
HPIV-1 types 1 to 3, MeV, and PIV-5 generate bicistronic mRNAs most often at the M-F 
junction, where approximately 50% to 80% of the mRNA can be locked into M-F 
readthrough products.4%’'*815°9 This high readthrough frequency is a consequence of 
insertions”°’ or substitutions*®! at the M GE, which modify termination efficiency. 
Conceivably, some paramyxoviruses experience a heightened selective pressure to increase 
transcriptase access to the more 3’ distal genes (e.g., attachment protein and L), or frequent 
M-F readthrough may present a mechanism to selectively reduce F protein expression, since 
polycistronic paramyxovirus mRNAs do not contain internal ribosomal entry sites and the F 
ORF locked into a bicistronic M-F transcript would presumably not be translated.2°0.4%! F 


protein down-regulation has been demonstrated to be critically linked to virulence of some 


paramyxoviruses.? 


After termination of transcription, the RdRP complex advances through the IG region, 
scanning for the next downstream GS site.*°* Paramyxovirus IG regions minimally consist of 
a conserved trinucleotide segment, but many are highly variable in length and sequence 


(Table 12.3).°°° In fact, paramyxoviruses can be divided based on the degree of variability of 
the GE and IG sequences. For instance, these regions are highly conserved in SeV, HPIV-1, 


and HPIV-3.*”? Each SeV GE sequence consists of a 3'-AUUCU, -5' motif, and the IG 


region is 3'-GAA-5' (except the HN-L junction, which is 3'-GGG-5’). In contrast, the GE and 
IG regions of HPIV-2, MuV, and PIV-5 are highly diverse, providing an additional level of 
transcriptional control of individual viral genes.!°%*°* Since the viral polymerase complex 
initiates exclusively at the 3’ leader promoter and is unable to mount the RNA template at 
internal GS sites, the template RNA must remain threaded through the template channel as 
the transcriptase scans the IG, displacing the N protein scaffold as the complexes advance. 
Despite this local separation of template RNA and N protein chain, some paramyxoviruses 
require correct positioning of the GS site relative to the encapsidation phase, suggesting that 
reinitiation of mRNA synthesis of at least some paramyxovirus transcriptases appears to be 
governed by both the RNA sequence and signals from the N protein.*’” Once the next 
downstream GS has been identified, mRNA synthesis reinitiates as described for the N gene 
GS, and this sequential “stop-start” mechanism of mRNA synthesis continues across the 
viral genome in a 3’ to 5’ direction. However, the frequency of reinitiation is not perfect, 
some RdRP complexes may advance along the template nonproductively or prematurely 
detach from the template RNA while negotiating an IG region, and the occasional 
readthrough transcription renders downstream ORFs locked in polycistronic mRNAs 
inaccessible to translation, resulting in a gradient of functional mRNA abundance that is 
inversely correlated to distance from the genome 3’ end, with functional N mRNAs being 
found in far higher abundance than L mRNAs.” 


P Gene mRNA Editing 


mRNA editing, the pseudotemplated addition of nucleotides altering the ORF, is a 
mechanism to expand the coding capacity of a gene that for paramyxoviruses was first 
identified for PIV-5.444°%° It is now known that most paramyxovirus P genes contain a 
functional editing site within the coding region of the P gene (Fig. 12.8). As described above, 
in addition to a faithful (unedited) mRNA, transcription across the P/V/C gene yields edited 
versions that contain variable numbers of inserted G residues. The number of G insertions 
can differ for each virus group and mirrors their requirements for mRNAs that encode the 
individual P/V/W/I/D proteins (Fig. 12.8). Mechanistically, mRNA editing is believed to be 
achieved through controlled cotranscriptional polymerase stuttering and backsliding relative 
to the RNA template??? that is triggered by the sequence of the editing site and in 
principle is reminiscent of the stuttering and backsliding employed to generate poly-A tails. 
The efficiency of G insertion by the stuttering polymerase is furthermore influenced by the 
position of the editing site relative to the N-bound hexameric phase,*** providing another 
example for control of RdRP activity by a combination of RNA sequence and N protein 
phase imprinted on the template. 


Genome Replication 


Replication of the paramyxovirus genetic information occurs through generation of single- 
stranded, N-encapsidated antigenome copies that serve as template for the synthesis of 


progeny genomic RNA. Antigenomes do not code for any known functional ORF or template 
mRNAs. However, the synthesis and release of a short SeV trailer complement have been 
shown to antagonize stress granule formation and apoptosis through specific interaction with 
cellular TIAR.** If protein biosynthesis is pharmaceutically blocked in infected cells, viral 
mRNA synthesis continues normally, but antigenome and genome synthesis are both aborted 
rapidly. This observation underscores that active protein synthesis is essential to sustain 
RdRP in replicase mode, in which the polymerase ignores all GE regions, polyadenylation 
signals, and editing sites and generates exact, full-length copies of the viral genomic or 
antigenomic RNA, respectively.!97°75!0 Nascent transcripts of the replicase complex must 
be encapsidated cotranscriptionally!? to generate bioactive antigenomes and genomes, 
mandating a continued supply of unassembled N proteins that are provided in the form of 
N°-P complexes (approximately 2,600 N monomers are required per full-length RNA 
copy).*? This coupling of genome assembly and synthesis establishes a self-regulatory 
system for controlling the relative levels of viral transcription and replication. As 
encapsidation of the leader RNA is critical for the switch of the RdRP complex into replicase 
mode, early during the growth cycle, when N°-P complexes are limiting, leader RNA 
remains unencapsidated. The RdRP then acts predominantly in transcriptase mode, increasing 
the intracellular level of viral proteins until a sufficiently deep N°—P pool has been generated. 
Similarly, the 3' promoter of the antigenome directs synthesis of a short trailer RNA (also 
called [-] leader). Cotranscriptional encapsidation of this trailer RNA again serves as trigger 
for commitment of the polymerase to become fully processive and synthesize encapsidated 
minus-strand genomes. As shown in Figure 12.24, the progeny genomes can serve three 
distinct functions: they template the bulk of viral mRNA that is generated during secondary 
transcription; they can serve as template for additional antigenomes; and they can be 
incorporated into progeny virus particles during virion budding. 


In vitro assembly of six-nucleotide RNA molecules with purified MeV N°-P complexes 
resulted in spontaneous release of P and encapsidation of the discrete RNAs into a 
nucleocapsid, provided the RNA sequence corresponded to the 5’ end of the viral genome.°>™ 
This study indicated that the initiation of the encapsidation process is sequence-dependent 
and that formation of helical RNP assemblies is a function solely of the N protein chain, not 
of a continuous RNA strand. However, the subsequent efficient cotranscriptional 
encapsidation of nascent genomic and antigenomic RNA transcripts is sequence independent, 
suggesting an interaction between the free N°-P complexes and the P-L polymerase. Because 
there is no evidence for a direct interaction between L and N, the P protein presumably serves 
as a bridge facilitating both the P-L interaction with the RNP and, in case of P-L in replicase 
mode, the incoming N°-P molecules. Substitutions have been described that specifically 
inhibit SeV L-mediated replication but not transcription.!©°°°! Mapped onto the VSV L 
structure, the majority of these mutations are located on the same face of L, potentially 
outlining residues that are involved in guiding the transfer of free N protein to the newly 
synthesized RNA for efficient encapsidation.°? The paramyxovirus nonstructural proteins 
provide a second avenue to control replicase versus transcriptase function of the viral RdRP. 


SeV V is believed to sequester N protein in N°-V complexes, inhibiting RNA replication by 
reducing the pool of bioactive unassembled N.**° As discussed above, engineered 
paramyxoviruses unable to express the nonstructural C protein are viable in cell culture but 
produce abortive dsRNA transcripts in high frequency, highlighting a role of the C protein in 
controlling, among others, replicase fidelity. 


Virion Assembly and Release 


Paramyxovirus virions are generated through a budding process that entails the formation of 
buds from sites on the plasma membrane where viral components have assembled, followed 
by pinching off of progeny particles. This assembly is believed to require coordinated 
localization of multiple but distinct virus components, including viral glycoproteins, which 
are transported to the plasma membrane through the secretory system, and soluble viral 
components such as the RNP. This coordination appears to be accomplished through a series 
of protein-protein and protein—lipid interactions, many of which involve the viral matrix 
protein array that can interact with lipids, with the glycoproteins via their cytoplasmic tails, 
and with N proteins assembled in the RNPs. It furthermore appears to involve interactions 
between viral components and the host exocytotic machinery that allows bud formation and 
membrane fission. Paramyxoviruses with HN-type attachment proteins contain glycoproteins 
that lack sialic modification of their carbohydrate chains, and it is believed that the HN NA 
activity serves the same purpose as NA of influenza virus, to prevent self-binding and to 
prevent reattachment to the infected cell. 


Assembly of the Nucleocapsid 


Nucleocapsids assemble in the cytoplasm concomitant to RNA synthesis, through continuous 
encapsidation of the nascent genomic and antigenomic RNA copies by newly synthesized N 
proteins as the replicase complex advances. As discussed above, it is believed that specific 
interactions between the L protein and free N°-P complexes guide encapsidation. While this 
process ensures that only viral RNAs are efficiently encapsidated in infected cells, transient 
expression of N proteins in the absence of other viral components results in the spontaneous 
and random encapsidation of host RNAs into short nucleocapsid-like structures, suggesting 
that encapsidation can occur independent of specific RNA sequence elements,?/71°29249°8.568 
although as discussed above RNA sequence can greatly influence efficiency of the 
process.°°* However, encapsidation is only initiated de novo during synthesis of the terminal 
3’ leader RNA (and 3’ trailer RNA for antigenome templates), since once in transcriptase 
mode, reinitiation of RNA synthesis by the polymerase at downstream GS regions does not 
randomly prompt unproductive encapsidation of nascent mRNAs. To ensure that a new 
replication cycle can be started after infection, paramyxoviruses must package copies of the 
P-L polymerase complex, which are thought to associate with the helical RNP prior to 
particle assembly.*”° Packaging of one complete copy of the viral genome is sufficient for 
infectivity, but biochemical studies and particle reconstructions have revealed that 
paramyxoviruses can—in low frequency—incorporate multiple RNP copies in a single 


virion. !7876°324,475 The RNP packaging efficiency is determined by RNP polarity, genome 
length,?°*78°”> and compatibility of the N and M proteins. 


Virus Particle Assembly 


Due to its ability to engage in multiple interprotein and protein—lipid contacts, the 
paramyxovirus M protein serves as the central virion assembly organizer. Matrix proteins are 
found stably attached to RNPs when purified from virions, they bind to lipid membranes both 
in vitro and in living cells, and they self-assemble into ordered structures as purified proteins 
in vitro and in virus-infected cells. As discussed above, specific, homotypic N and M 
interactions have been demonstrated for a range of paramyxoviruses spanning different 
subfamilies, and these interactions are thought to guide the RNP to the assembly sites at the 
plasma membrane where M arrays form.?®4%2°°.529 However, live cell imaging studies with 
SeV and MeV outlined an active role also of the host cytoskeleton in RNP trafficking to the 
plasma membrane. Both SeV and MeV RNPs were found moving along microtubules in 
Rab11A transport vesicles.”*9* In the case of MeV, virus budding from polarized cells 
specifically appears to require Rab11A-dependent transport, whereas this association is 
important for efficient SeV assembly independent of whether or not host cells are polarized. 
Both SeV and NDV M proteins have furthermore been shown to interact with actin,!’” and a 
candidate actin binding site was located in SeV M that, when mutated, affected particle 
production, suggesting a requirement for SeV M interaction with the cytoskeleton for 
efficient particle assembly.°®! Consistent with this observation, major actin cytoskeleton 
reorganizations have been described after infection of cells with MeV, MuV, or NDV,!°° and 
MeV budding in particular requires uninhibited actin cytoskeleton dynamics.°©° NiV M has 
been found in proteomics studies in complex with AP3B1,*°!°”° the beta subunit of the host 
cell AP-3 complex that facilitates vesicular budding from Golgi membranes and protein 
sorting in the late Golgi and endosomes. Disruption of NiV and HeV M interaction with 
AP3B1 blocked efficient virion production, suggesting that Henipavirus M relies on AP-3- 
directed vesicular trafficking for sorting from internal host membranes to the plasma 
membrane.?”° 


Reconstructions of cryopreserved paramyxovirus particles have revealed that, once 
located at the assembly sites, the viral RNPs are arranged with the membrane-associated M 
lattice in high order. In NDV particles, the RNP helix was found in sync with the M protein 
dimers, placing the 7-nm pitch of the helical RNP along the diagonal 7-nm repeat of the 
matrix array.*° Similarly, tomograms of both budding and cell-free MeV virions showed the 
viral RNP in register with the matrix array, the average 7.8-nm pitch of the RNP helix 
matching the 7.8 nm subunit spacing of the MeV M lattice.*°° Alternatively reported 
wrapping of MeV RNP into membrane-detached helical M tubes*!° was rare and restricted to 
structurally compromised virions.*°° Rather than representing a bona fide MeV assembly 
intermediate, coating of the viral RNP by an M-derived external helical structure may 
therefore likely result from M lattice reorganization during particle purification for imaging. 


Driving efficient assembly of the viral envelope, multiple lines of evidence support 
specific interactions between the M protein layer and the cytoplasmic tails of the 
paramyxovirus envelope glycoproteins: (a) the M protein of SeV has been shown to 
specifically engage membranes individually expressing the F and HN glycoproteins, which 
implies an interaction.°!*-°!4 Engineered recombinant PIV-5 and MeV that lack glycoprotein 
cytoplasmic tails show a subcellular redistribution of the matrix protein,°%°*! and 
colocalization and mutational studies revealed an interaction between the NDV and MeV 
attachment and M proteins.4*+°’4 A recombinant SeV carrying an F protein mutant with 
altered cytoplasmic tail furthermore showed defects in particle assembly and viral subunit 
clustering at assembly sites, underscoring the importance of glycoprotein tail interactions 
with the M layer for coordinated virion formation.'°*°° (b) Coexpression of MeV or NiV M 
and envelope glycoproteins in polarized cells redirected intracellular sorting. While envelope 
glycoproteins expressed in isolation are targeted to basolateral membranes, the presence of 
apically sorted M proteins directed glycoproteins to the apical side,*?*°*! consistent with 
apical budding of these viruses. (c) Cryo-ET reconstructions of budding MeV virions showed 
a coordinated two-layered fusion-M protein lattice at the budding site and in released 
particles (Fig. 12.30). In contrast, tomograms of NDV,’° SeV,°*4 and HPIV-3!"! particles did 
not reveal any appreciable organization of the fusion glycoprotein ectodomains, although the 
MeV matrix array itself resembled that of NDV. The co-organized arrangement of the fusion 
glycoprotein in a 2D array with a subunit spacing of approximately 11 nm provided structural 
evidence that the viral M protein drives particle assembly. Despite the biochemical evidence 
supporting an interaction between MeV M and H protein cytoplasmic tail, however, no 
obvious organization of the viral attachment protein was appreciable in the tomograms of 
MeV,*°° even when recombinant MeV particles were analyzed that expressed elongated 


attachment proteins, harboring an extension of the helical stalk domain by 41 residues*® to 
reduce local electron density in the envelope glycoprotein layer. 


FIGURE 12.30 Symmetric arrangements of the F and M arrays observed in 
MeV particles. Cryoelectron tomography studies revealed a two-layered F—-M 


lattice (EMDB entry: EMD-7591),2°° suggesting that M and F interact to 
facilitate efficient MeV assembly. A-C: Subtomogram averages of the MeV F— 
M lattice. The top layer of the averages reveals a regular array of F proteins 
(dark blue) (A). The distance between F trimers is shown. Underlying the F 
layer, the M proteins (cyan) form a 2D array (B). Distances between individual 
M dimers are shown. Overlay of the M and F lattices suggests coordination 
between the M and F protein arrangements (C). D: Schematic of the F—M lattice 
displaying the organization of M (blue) and F (red) proteins above and below the 
viral envelope. E: The MeV H (orange) protein did not form regular arrays with 
the M or F proteins. However, the positions of the M and F proteins allow for 
variable distribution of H proteins above the M lattices. (Modified from Ke Z, 
Strauss JD, Hampton CM, et al. Promotion of virus assembly and organization 
by the measles virus matrix protein. Nat Commun 2018;9(1): 1736, CC BY 4.0; 
http://creativecommons.org/licenses/by/4.0/) 


Additional experimental confirmation for the instrumental role of matrix in proper virion 
assembly came from the analysis of paramyxoviruses with defective M proteins. A 
temperature-sensitive SeV strain has been isolated that is defective in proper virion assembly 
at the nonpermissive temperature due to mutations in its M gene.®! This M protein variant is 
unstable at the nonpermissive temperature, indicating that low abundance of M prevents 
efficient virion assembly. In subsequent studies, engineered MeV and NiV mutants were 
recovered through reverse genetics techniques that lacked a functional M gene entirely.°*!*4 
These engineered viruses showed a dramatic reduction in progeny titers, infectivity remained 
essentially cell-associated, and virions were less stable, all consistent with a severe virion 
assembly and budding defect in the absence of the M protein. Moreover, in model systems of 
persistent SeV infection in culture in which the normally lytic infection is converted to a 
persistent one using DI particles, this change from lytic to persistent infection correlates 
mainly with M protein instability and an absence of virion assembly.*°° 


Paramyxovirus Budding 


While particle assembly entails the induction of local membrane curvature and the 
concentration of virus components in the nascent vesicular structures, budding—the release 
of cell-free progeny virions—requires an energy-demanding membrane fission event to pinch 
off the particle from the host cell membrane. An extensive list of enveloped viruses has been 
demonstrated to recruit components of the host cell vesicularization pathways to complete 
this final step in the replication cycle, and many others are thought to also follow this 
strategy.°! Major experimental insight into the budding process was gained from the analysis 
of VLP systems. VLPs are nonreplication competent membrane-wrapped vesicles that 
contain only a subset of the viral structural proteins expressed from cloned cDNAs but lack 
genetic information. This section will assess minimal protein composition and protein— 
protein interaction requirements for paramyxovirus budding based on VLPs and recombinant 
virions, followed by a discussion of a role of the host vesicularization machinery in 
paramyxovirus particle fission and the contribution of the lipid composition to bud zone 
selection. 


VLP systems to identify viral proteins essential for budding 


VLP systems have been established for a number of different paramyxoviruses and have 
revealed diverse, virus-specific protein requirements for budding. In the most basic scenario, 
expression of M proteins in isolation is sufficient for VLP formation, as has been described, 
for instance, for NDV and several Orthoparamyxovirinae such as SeV, HPIV-1, MeV, and 
NiV.96.97,424,436,463,502,568,581 These studies confirmed that the M proteins of these viruses are 
inherently sufficient to interact with lipids, assemble into larger membrane-associated arrays 
that introduce local lipid curvature, and promote membrane fission. In contrast, PIV-5 M 
protein alone is unable to trigger efficient VLP formation, but coexpression with the N 
protein and either one of the viral glycoproteins induces budding with an efficiency 
approaching that observed in virus-infected cells.°*4 M proteins of MuV, another member of 


the Rubulavirinae subfamily, also require coexpression with a viral glycoprotein for efficient 
budding, but a stimulatory effect is only observed when M is combined with the F and not 
the HN _ protein.°09°7°.54 While the envelope glycoproteins of a number of 
Orthoparamyxovirinae subfamily members specifically engage the M protein layer as 
discussed above, these interactions do not impact virus budding in most cases. Accordingly, 
the ability to facilitate induction of local membrane curvature is a discrete function of some 
glycoproteins, rather than merely a consequence of M-mediated local glycoprotein 
concentration in discrete plasma membrane regions. However, VLP budding after expression 
of the M protein alone, for instance, becomes more efficient when SeV M is coexpressed 
with the F glycoprotein.°*! Efficient transport of the F-M complexes to the cell surface for 
budding depends on the integrity of a five-residue TYTLE motif in the SeV F cytoplasmic 
tail.!°* F mutants lacking this motif remained capable of interacting with SeV M but were 
retained in the ER, thus preventing transport of F-M complexes to particle assembly sites at 
the plasma membrane. 


The VLP-based insight into particle assembly requirements has been largely corroborated 
by studies with engineered viruses. Recombinant MeV expressing F proteins with truncated 
or modified cytoplasmic tails showed an increased cell-to-cell fusion rate of infected and 
uninfected, neighboring cells, indicating a redistribution of the envelope glycoproteins from 
bud sites to other plaama membrane regions.°”?”° Increased cell fusion activity is consistent 
with a shift of these recombinant viruses to a mode of virus propagation that is independent 
of budding. Recombinant PIV-5 was budding-impaired when the cytoplasmic tail was 
removed from the HN protein.°*? However, engineered PIV-5 similarly expressing tail- 
truncated F glycoprotein mutants remained capable of efficient replication and particle 
formation in cell culture.°** Recombinant SeVs with F or HN cytoplasmic tail truncations 
reportedly showed an approximately 20- to 50-fold reduction in particle production,!™ and a 
follow-up study specifically confirmed the importance of the TYTLE motif in the F cytosolic 
tail for efficient production of progeny virions.!°* 


Role of the host vesicularization machinery in membrane scission 


Enveloped viruses of many different families are known to contain specific protein motifs 
that, when disrupted, cause defects late during budding, typically at the final stage of 
membrane fission.®!)!2*:!73:187,250 These late (L) domains have been shown to engage host 
proteins of the cellular vacuolar protein sorting (VPS) pathway that is responsible for 
biogenesis of the multivesicular body (MVB). MVB formation is a key function of the 
cellular ESCRT machinery, a large network of cytoplasmic proteins that in its core consists of 
the ESCRI complexes I, I, and III, Alix and the VPS4 ATPase (reviews in 
Ref,299,40L531,954) Consistent with its central role in MVB formation, the hallmark of ESCRT 
activity is reverse-topology membrane scission, vesicularization away from the cytosol as 
opposed to, for instance, vesicle formation for intracellular vesicular transport or endocytotic 
pathways. Representing two distinct branches leading toward membrane fission, ESCRT-I, 
which forms a supercomplex with ESCRIT-II when activated, and Alix recognize various 


protein interaction signals, triggering recruitment to cellular membranes and the induction of 
initial membrane curvature. Membrane-associated ESCRT-I-II or Alix then activates ESCRT- 
III polymerization in the nascent bud neck to high-energy dome-shaped spiral structures that 
cause membrane scission when VPS4 dependently resolved.°*! Because the unique reverse- 
topology of ESCRTI-mediated vesicularization is equivalent to that of virus budding into 
internal cellular compartments or the extracellular environment, ESCRT pathway 
components are likely candidates for exploitation by enveloped viruses. Viral L domains 
serve as the molecular adapters required to engage the ESCRT machinery, and at least one of 
three types of canonical L domain motifs can be found in, for instance, retroviruses, 
filoviruses, flaviviruses, rhabdoviruses, and herpesviruses: P(T/S)AP, YP(x),L, and PPxY.°!® 
Each of these sequences resembles a host cell protein interaction motif. For instance, 
P(T/S)AP-type L domains mediate binding to TSG101,!7*34” an ESCRT-I subunit, YP(x),L 


recruits Alix24®°6°6!2,615 and the PPxY motif engages the WW domains of NEDD4 and 
similar HECT domain-containing E3 ubiquitin ligases.2°°7°9°9° Ubiquitin has been 
identified as the main pathway-specific signal in MVB biogenesis, and HIV Gag protein 
ubiquitination, for instance, promoting binding by TSG101 and Alix may be a major 
recruitment pathway for ESCRT components to bind Gag proteins.°”" 


Although paramyxoviruses do not contain any of the canonical viral late domains, 
overexpression of a dominant-negative VPS4A ATPase mutant suppressed efficient budding 
of PIV-5,°*? NDV,°*4 and MuV,°°" implicating the ESCRT machinery in particle release. 
Consistent with this observation, M proteins of these three paramyxoviruses contain a 
conserved, noncanonical FP(I/V)(I/V) motif that distantly resembles known viral L domains. 
In PIV-5, the core sequence of this motif is FPIV, which has been demonstrated to 
functionally compensate for lack of a PTAP L domain in budding HIV-1 VLPs.°*° The 
proline residue in this noncanonical motif emerged as critically important for bioactivity, 
since substitution in PIV-5 M protein resulted in poor VLP formation and failure of a 
corresponding recombinant PIV-5 to replicate normally. In addition, a screen for host factors 
interacting with PIV-5 M proteins identified AMOTL1, which itself contains three L/PPxY 
motifs and may in a novel host factor recruitment strategy serve as a bridge between a 
paramyxovirus M protein and NEDD4 ubiquitin ligases and the ESCRT machinery.*®° 
Consistent with a role of ubiquitination in engaging the PIV-5 budding machinery, formation 
of PIV-5 VLPs and virions was reduced by treatment of cells with the proteasome inhibitor 
MG-132,°*° which depletes the free ubiquitin pool in the cell by preventing recycling of 
ubiquitin after delivery of proteins marked for degradation to the proteasome.°!? Similar 
effects of proteasome inhibitor treatment on virus budding have been observed for 
retroviruses such as HIV-1°22 and Rous sarcoma virus,**°? which contain PTAP and PPxyY late 
domains for budding.°~? 

Despite this experimental support for a possible role of the ESCRT machinery in 


paramyxovirus budding, the evidence is mixed, and it remains unclear whether 
paramyxoviruses in general rely on ESCRT components for virion release. The noncanonical 


paramyxovirus L domain candidate is not universally conserved in the family, no physical 
interaction between paramyxovirus M proteins and the ESCRT machinery has been 
demonstrated, and NiV VLP formation, SeV virion budding,!®* and both MeV VLP and 
progeny virion formation are apparently unaffected by dominant-negative VPS4A.*°7°!0 
Although deletion of candidate L domains in NiV M abrogated VLP budding, this effect 
appeared to be due to unexpected relocation of the mutated M proteins to the nucleus.°©*°7 
Since nuclear localization is naturally incompatible with budding from the plasma 
membrane, these studies did not provide clear evidence that the budding arrest was due to 
impaired interaction with ESCRT components. In contrast to the indifference of NiV VLP 
formation to dominant-negative VPS4A, however, budding of NiV virions from infected 
cells has subsequently been demonstrated to depend on VPS4 activity,**! indicating that VLP 
and virion budding can be mechanistically distinct. Apparently, this discrepancy is due to the 
presence of the nonstructural NiV C protein in infected cells, which can act as a molecular 
bridge between NiV M and the ESCRIT-I component Tsg101. While Henipavirus C proteins 
lack L domains, they show homology to the Vps28 subunit of the ESCRT-I complex, 
suggesting that all members of this genus may employ a molecular mimicry strategy to 
engage the ESCRT pathway for virion release.°~’ 


This probudding effect of the NiV C protein through recruitment of ESCRT components 
is reminiscent of the demonstrated ability of SeV C to engage ESCRT-III/VPS4 through the 
Alix branch of the pathway.?°*°°° In addition, a putative L domain, YLDL, was identified in 
SeV M that was attributed to engage Alix independent of the C protein.**! Despite these links 
to the ESCRT pathway, neither suppression of Alix nor expression of dominant-negative 
VPS4A abrogated budding of SeV virions.'®* Also, VLP formation and virion budding by all 
members of the Morbillivirus genus appear to be independent of ESCRT, but it remains 
unclear whether these viruses achieve membrane scission through noncanonical engagement 
of selected ESCRT components or through alternative fission mechanisms. As a structure- 
independent alternative strategy, local crowding of membrane-bound proteins at nascent 
fission sites has been proposed to generate sufficient steric pressure through lateral collisions 
to drive membrane vesiculation.°°* 


Contribution of membrane subcompartments to paramyxovirus budding 


Lipid molecules within the plasma membrane are not distributed homogenously in each 
leaflet of the bilayer but rather participate in lateral associations to form subcompartments 
within the membrane. These fluctuating nanoscale assemblies are enriched in sphingolipids, 
cholesterol, and a distinct set of membrane-bound proteins and can be stabilized into raft 
platforms by oligomerization.°“+ Rafts were originally identified based on a simple assay, 
resistance to solubilization by some nonionic detergents such TX-100 at low temperature,°”° 
although these detergent-resistant membrane (DRM) extracts are unlikely to reflect the 
reality of a live cell.°”'*! Rafts are now recognized as highly dynamic structures that are 
involved, for instance, in cell signaling, assembly of many viruses,7*°°49°°”© and membrane 
trafficking. Rafts mediate lipid-based secretory sorting from the Golgi to the plasma 


membrane and in polarized cells locate predominantly to the apical site.°”'?! With the caveat 
of unclear physiological relevance of DRM extracts, a number of paramyxovirus proteins 
have been found enriched in detergent-insoluble membrane domains. For instance, MeV M, 
N, and F proteins®!??7,463.611, Sey N, F, and HN proteins!®*°!*; and NDV N, F, and HN 
proteins!°°°7 are all selectively targeted to DRMs. MeV F targeting into rafts is apparently 
achieved through palmitoylation of two cysteine residues in the transmembrane domain of 
the protein.**°1%495.576 Because functional MeV F and H protein complexes preassemble in 
the ER,*°.4°8 sorting of F into DRMs will pull H into the same subcompartment.*°’ For some 
paramyxoviruses, lipid-mediated sorting may facilitate the local accumulation of envelope 
glycoproteins and matrix proteins, potentially resulting in the formation of viral assembly 
platforms.**? However, engineered targeting of NiV M proteins into raft or nonraft domains 
did not affect VLP formation,°** suggesting that NiV particle budding does not depend on a 
specific lipid environment. 


Polarized budding from epithelial cells 


Association of viral envelope components with raft microdomains could provide an attractive 
mechanistic explanation for preferential virion budding from the apical side in polarized 
epithelial cells, which has been reported for a number of paramyxoviruses including SeV, 
MeV, PIV-5, and NiV.29?:33449? Quite counterintuitively, however, the glycoproteins of MeV 
and NiV are trafficked to basolateral membranes when expressed on their own, which is 
determined by tyrosine-dependent sorting signals**!7°9*8 and in the case of MeV F appears 
to override F targeting into DRM domains. These observations underscore that intrinsic 
trafficking signals of the envelope glycoproteins do not control the location of virion budding 
for these viruses. Rather, coexpression of the M protein as experienced in infected cells 
induces rerouting of the glycoproteins to the apical bud zones,79*°9!°® although no direct 
intracellular contacts between these M proteins and glycoproteins have been demonstrated 
yet. 


Despite this mechanistic ambiguity, preferential apical virion budding and basolateral 
glycoprotein targeting are considered to be important contributors to viral pathogenesis. 
Budding from the apical surface could favor restriction of the infection to the epithelial cell 
layer, whereas budding from the basolateral surface allows viral access to underlying tissue 
and could favor development of a systemic infection. Consistent with this view, standard SeV 
and PIV-5 both produce localized infections of the respiratory tract in vivo, whereas a SeV 
mutant strain (F1-R) was described that is released bidirectionally and causes systemic 
infection.°°° In the case of MeV, redirecting the envelope glycoproteins away from 
basolateral membranes resulted in virus attenuation, coinciding with reduced lateral spread 
through cell-to-cell fusion in the respiratory epithelium.°’! The identification of SLAM and 
nectin-4 as cellular receptors for MeV has provided a solution to the conundrum of preferred 
apical release and efficient systemic dissemination of MeV. Mediated through SLAM- 
dependent cell entry, incoming MeV is considered to most likely initially infect respiratory 
macrophages and dendritic cells, using them as vehicle for homing to draining mediastinal 


lymph nodes where first centers of virus replication are established.!!®°°* Subsequently, 
primary viremia ensues that is carried by circulating, SLAM-positive lymphocytes. Infected 
lymphocytes and dendritic cells in the epithelial submucosa are considered to then transmit 
the virus late during infection to epithelial cells displaying nectin-4 on the basolateral 
side.'°®°28 This infection of nectin-4—positive respiratory epithelial cells sets the stage for 
apical release into the mucus layer lining the lumen of the respiratory tract, enabling airborne 
viral transmission in aerosols through coughing and sneezing. 


PARAMYXOVIRUS ACCESSORY GENES AND 
THEIR INTERFERENCE WITH THE CELLULAR 
ANTIVIRAL RESPONSE 


Type I IFNs form a group of the most important antiviral cytokines that can be major 
determinants of tropism, pathogenesis, and viral dissemination.!°° As shown in Figure 12.31, 
the cellular IFN response involves two general phases: the induction of IFN synthesis in a 
primary transcriptional phase and signaling through IFN signaling pathways to activate in a 
positive feedback loop a secondary transcriptional phase of IFNs and greater than 300 ISGs, 
at least 51 of which directly contribute to host defense.°°!°°” A large body of work has 
emerged on the role of paramyxovirus accessory proteins in counteracting the host cell IFN 
pathways at the level of both the induction of IFN synthesis and IFN-mediated 
signaling.?>*!8493 Albeit through different specific interactions, predominantly the 
paramyxovirus V/W proteins interfere with the cellular sensing pathways that trigger type I 
IFN transcription and IFN signaling, while C proteins can modulate the antiviral response by 
reducing the production of virus-specific signals that are recognized by these host cell 
sensors. 


reporter gene 


FIGURE 12.31 Minigenome reporter systems and recovery of recombinant 
paramyxoviruses from cloned cDNA. A and B: Paramyxovirus reverse genetics 
requires N, P, and L proteins provided in trans (plasmid-encoded or stable cell 
lines) and expression of viral genomic (minigenome) or antigenomic 
(minigenome, virus recovery) RNA, in most cases under the control of the T7 
polymerase promoter. Ribozyme elements flanking the viral RNA ensure the 
generation of precise 3’ and 5’ ends. Minigenome reporter systems allow for 
quantitative assessment (i.e., luciferase reporter) of RdRP activity in the absence 
of viral replication. C: Schematic of a full-length viral genome expression 
cassette. Minigenomic or full-length viral RNAs are spontaneously encapsidated 
by the viral N protein, following RdRP-mediated transcription and amplification. 
(Images copyright © 2019 by Richard K. Plemper and Julien Sourimant.) 


Antagonists of Interferon Synthesis 


Providing the first line of defense against viruses and other microbial pathogens, the type I 
IFN response is triggered by pattern recognition receptors (PRRs) that detect pathogen- 
associated molecular patterns (PAMPs). PAMPs can be by-products of virus infection, for 
instance, cytosolic dsRNA, other unique viral replication products, or capsid proteins, which 
all contain distinct features not normally present in the cell.**4 Major PRRs sensing RNA 
virus infections include the Toll-like receptor (TLR) family and the RIG-I-like receptor 
(RLR) RNA helicases. Sensing microbial RNAs, TLR3, TLR7, and TLR8 are associated with 
endosomal compartments,”’*!* while the RLR prototype retinoic acid—inducible gene I (RIG- 
I) and melanoma differentiation—associated gene 5 (MDA-5) represent the main cytosolic 
receptors responsible for the recognition of RNA.*°+°!° Different downstream pathways and 


adapter proteins transduce the signal when these PRRs are triggered (Fig. 12.32), but most 
converge on activation of IFN regulatory factor (IRF) transcription factor family members 
IRF3 and IRF7 as the primary inducers of IFN-a and IFN-f expression.°°* 
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FIGURE 12.32 Type I IFN induction and signaling after paramyxovirus 
infection and viral strategies to antagonize the innate antiviral response. 
Schematic overview of induction of IFN synthesis (left) and autocrine or 
paracrine IFN signaling (right) after infection. Currently known broad and 


paramyxovirus genus- or subfamily-specific interference pathways are specified. 
(Images copyright © 2019 by Richard K. Plemper and Julien Sourimant.) 


Results from transient transfection—based studies and the analysis of viruses that have 
been engineered to encode altered or deleted nonstructural protein genes have elucidated 
paramyxovirus antagonists of the cellular innate immune response. Most of these studies 
focused on pathogens of the Morbillivirus, Respirovirus, Henipavirus, and Rubulavirus 
genera. Common to all paramyxoviruses examined, the V proteins are instrumental for the 


suppression of type I IFN expression. Experimentally confirmed for many paramyxoviruses 
including, for instance, PIV-5, MeV, NiV, HPIV-2, and SeV,1289:116.336,376,425,479 the unique 
C-terminal zinc-finger domain of the V proteins associates with MDA-5 and also LGP2, the 
third member of the RLR family that lacks caspase recruitment domains (CARDs). Binding 
of paramyxovirus V to the helicase domain of MDA-5 has been shown to block association 
of MDA-5 with dsRNA, inhibiting MDA-5 association and signaling.®’ Originally, it was 
thought that paramyxovirus V proteins are incapable of interacting with the RLR prototype, 
RIG-I, itself. Subsequent reports were mixed, however, and recent work has suggested 
binding of a number of different paramyxovirus V proteins including those derived from NiV, 
MeV, SeV, and parainfluenza viruses to the RIG-I regulatory protein TRIM25 and to RIG-I as 
a novel mechanism to block type I IFN expression.*!! Although LGP2 lacks CARDs, LGP2 
overexpression has been shown to impair both MDA-5 and RIG-I signaling,*®!49° mice 
deficient in LGP2 were more susceptible to viral infection, and coexpression of MDA-5 and 
LGP2 led to synergistic signal transduction.°!°°°’ Consistent with the notion that LGP2 
facilitates MDA-5 and RIG-I mediated recognition of viral RNAs, binding of MeV and PIV-5 
V proteins to LGP2 blocked LGP2-dependent promotion of MDAS signaling.*89.49° 


In addition to directly blocking RLR sensing, paramyxoviruses interrupt the downstream 
signaling cascade to prevent IFN expression. Rubulavirus V proteins have been proposed to 
compete with IRF3 for phosphorylation by TBK1/IKKe kinase, preventing phosphorylation 
and nuclear translocation of the IRF3 transcription factor.**” Similarly, MeV V protein has 
been shown to bind as a decoy substrate to IKKa kinase, competing with IRF7 for IKKa- 
mediated phosphorylation and thus blocking TLR7/9 signaling.*°* V proteins of MeV, HPIV- 
2, SeV, and NiV have furthermore been suggested to directly interact with IRF7, preventing 
its transcriptional activity.*’4*°* MeV, SeV, and NDV V proteins have also been shown to 
directly associate with IRF3—in the case of SeV, V association takes place in the cytosol and 
prevents IRF3 nuclear translocation, while MeV V was proposed to associate with IRF3 after 
translocation—and block IRF3 transcription activation activity.*°° Likewise in the nucleus, 
NiV W but not V blocks IRF3-mediated IFN expression.?°°°°7 

Rather than interfering with the PAMP sensing pathways, several paramyxovirus C 
proteins appear to lower signal intensity through a regulatory effect on polymerase fidelity. 
For instance, cells infected with C-deficient recombinant SeV, HPIV-1, or MeV strains 
accumulated increased amounts of dsRNAs,°°*°°°’” which triggered the RLR and protein 
kinase R (PKR)-mediated response pathways, stimulating type I IFN expression.*»°”’ In the 
case of MeV, short virus-derived DI-RNAs with duplex structures were found in cells 
infected with a C protein—defective, but not standard, MeV, confirming a dsRNA-mediated 
effect.*°? Henipavirus C proteins likewise regulate viral RNA synthesis, lowering the impetus 
for type I IFN expression.?**32?348°49 Constituting a second mechanism by which 
Morbillivirus C proteins inhibit IFN induction, a NLS was identified in MeV C, and the 
presence of Morbillivirus C in the nucleus was found to be associated with a block in IFN-B 
expression downstream of IRF3 activation.*°°°° Also Respirovirus C has been found to 


directly inhibit type I IFN expression, in this case by targeting IRF3 translocation into the 
nucleus.*°’ One study in addition suggested a C-mediated suppression of IRF7 
phosphorylation and consequently TLR7/9 signaling through direct binding to, and inhibition 
of, IKKa by C proteins of SeV, MeV, and NiV.°? 


Antagonists of Interferon Signaling Pathways 


Once virus-sensing host cell PRRs are triggered, the ensuing first wave of type I IFN can 
result in autocrine, paracrine, or systemic stimulation, activating multiple downstream 
signaling pathways through binding to the type I IFN receptor (IFNAR). The canonical 
response pathway involves formation of the signal transducer and activator of transcription 1 
(STAT1)—STAT2-IRF9 signaling complex, also known as the IFN-stimulated gene factor 3 
(ISGF3), which translocates to the nucleus and induces ISG expression through activation of 
IFN-stimulated response elements (ISREs) in gene promoters (Fig. 12.32).°°’ ISGF3 
formation is initiated by phosphorylation of STAT1 and STAT2 by the JAK kinases Tyk2 and 
Jak1. Major ISGs with effector activity against some or all negative-sense RNA viruses 
include, for instance, the myxovirus resistance (Mx) proteins, the IFN-induced protein with 
tetratricopeptide (IFIT) repeats and the IFN-inducible transmembrane (IFITM) families, 
members of the TRIM superfamily and the poly(ADP-ribose) polymerase (PARP) family, 
and the OAS/RNase L system.!0%>6 


In addition to suppressing type I IFN synthesis, paramyxoviruses have developed a 
diverse range of strategies to interrupt IFN signaling that include the degradation of signaling 
pathway components and the sequestration of signaling complexes, and the V proteins again 
assume a central role in this activity. First demonstrated for PIV-5, rubulavirus V proteins 
directly induce the degradation of STAT proteins. PIV-5!*!9* and MuV V?°° both target 
STAT1 for degradation, while HPIV-2 V induces breakdown of STAT2.4*” Although STAT- 
specific, degradation requires the presence of both STAT1 and STAT24*° and involves both 
the cysteine-rich C-terminal domain of V and residues located in the N-terminal section 
shared by P/V.')29769 MuV V has furthermore been demonstrated to also induce STAT3 
turnover, which results in an additional block in proinflammatory IL-6—mediated 
signaling.°°° Virulent MuvV strains were found to bind STATs efficiently and limit the 
production of IL-6.4°*°° Mechanistically, these Rubulavirinae V proteins are thought to 
form a cytoplasmic V—dependent degradation complex that comprises STAT1, STAT2 and 
two components of a host cell E3 ubiquitin ligase, the UV-damaged DNA-binding protein 
DDB1, and the Cullin family of ubiquitin ligase subunit member Cullin 4A 
(Cul4A).47°-471.503 Assembly of this complex triggers polyubiquitination of the target protein, 
inducing its proteasomal degradation. PIV-5 V protein degradation of STAT1 occurs in 
human cells but not mouse cells, and PIV-5 growth in mouse cells is restricted.!°2 However, 
efficient STAT1 degradation and higher PIV-5 replication levels can be restored in mouse 
cells engineered to express human STAT2.**° Likewise, a single amino acid substitution in 
the PIV-5 V protein N-terminal domain is sufficient to allow targeted degradation of mouse 


STAT1 and block IFN signaling.®°* Thus, the ability to assemble specific STAT degradation 
complexes and disrupt IFN signaling may be a factor determining the host range of some 
paramyxoviruses such as PIV-5 and NDV,*42°49 which are restricted for growth in cells from 
particular species. 

Rather than inducing breakdown of IFN signaling proteins, V proteins of a number of 
viruses of the Orthoparamyxovirinae subfamily have been shown to bind and sequester 
STATs in the cytosol, preventing shuttling into the nucleus and transcription activation. For 
instance, P/V proteins of MeV of the Morbillivirus genus target STAT1 through a tyrosine- 
based motif in the shared N-terminal domain!?9*!”-497 and STAT2 through nonconserved 
residues in the V protein C-terminal domain.®*4°°49” Binding prevents STAT protein nuclear 
import, and a recombinant MeV unable to target STAT1 specifically due to three point 
mutations in the shared N-terminal region of P/V was found to less efficiently control the 
proinflammatory response and experience reduced viremia titers in a rhesus monkey model 
of infection.'*® Henipavirus V proteins form high molecular weight aggregates with 
nonphosphorylated STAT1 and STAT2,*%! and a nuclear export signal in NiV V ensures 
localization in the cytosol.*°8 In contrast, NiV W harbors a nuclear import signal in its short 
C-terminal unique region and forms nonfunctional complexes containing STAT1 in the 
nucleus.®”°?8 Underscoring the importance of Henipavirus V and W for viral pathogenesis, 
the more recently identified low-pathogenic Cedar virus of the Henipavirus genus*“* does not 
express V or W, and Cedar virus P is unable to efficiently target STAT1 or STAT2 and 
therefore cannot effectively inhibit IFN signaling.?!¢ 

C proteins of the respiroviruses, morbilliviruses, and henipaviruses have been proposed 
to interfere with IFN signaling, but in the case of Morbillivirus and Henipavirus C, these 
antisignaling effects were subsequently found to be minor,'©%32-523.548,394 Tn contrast, a 
number of studies have indicated that Respirovirus C proteins can interfere with IFN 
signaling pathways. HPIV-1 C proteins have been shown to bind STATs, prevent 
phosphorylation of STAT1 and STAT2, and retain STAT1 in perinuclear aggregates, 
preventing nuclear translocation.?°? SeV and HPIV-3 C proteins have been found to alter 
STAT phosphorylation patterns,!°° were detected as interacting partners with 
STAT1,1©9 393.978 and could induce ubiquitination and degradation of STAT1 in some mouse 
cells.!7! HPIV-3 C protein has also been shown to inhibit type II IFN signaling by blocking 
the formation of the gamma interferon activation factor (GAF) complex, and an N-terminal 
region of 25 amino acids was found to be involved in mediating both STAT1- and GAF- 
dependent antisignaling effects.2°° A recent study furthermore implicated HPIV-3 C in 
counteracting inflammasome activation in macrophages following HPIV-3 infection.°*° 
Inflammasomes are cytosolic multiprotein complexes that combat microbial infections by 
regulating production of proinflammatory IL-1 and IL-18, controlling the immune response 
and pathogen clearance.!®48° They can be activated by a number of different viruses 
including SeV.2°°780430,541 while the SeV V protein was suggested to antagonize 
inflammasome activity,7°° in the case of HPIV-3, the C protein was found to specifically 


block assembly of the NLRP3/ASC inflammasome by interaction with, and promotion of 
proteasomal degradation of, the NLRP3 protein.°*° These observations underscore that the 
mechanisms by which the paramyxovirus C proteins interfere with the host antiviral response 
depend on both host cell type and virus species. 


ENGINEERED PARAMYXOVIRUS 
MINIGENOMES AND RECOMBINANT 
VIRUSES: REVERSE GENETICS 


The study of viruses has benefited greatly from the ability to specifically modify viral 
genomes and recover the corresponding recombinant viruses, a technique known as reverse 
genetics.°°! For RNA viruses, the first recovery of a virus from a cloned cDNA copy has 
been described for the positive-sense RNA bacteriophage Qf,°®° and many more positive 
polarity RNA viruses were recovered subsequently following this strategy. Adaptation of this 
approach to negative-strand RNA viruses was challenging, however, since synthetic genomic 
RNA copies are noninfectious. Only protein-encapsidated negative-strand RNA virus 
genomes and antigenomes are biologically active, and exclusively, the viral polymerase 
machinery can productively interact with the RNPs. Instrumental for the development of 
Mononegavirales reverse genetics technology were shortened minigenome reporter systems, 
which minimally consist of a single reporter gene flanked by cDNA copies of the 
untranslated terminal regions of the viral genome (Fig. 12.32). Expressed under the control of 
a T7 RNA polymerase promoter and fused to a hepatitis delta virus—derived ribozyme to 
create precise 5’ and 3’ ends equivalent to those of genomic viral RNA, proof of concept was 
first established through successful replication of synthetic VSV-derived RNAs when 
plasmid-encoded VSV N, P, and L proteins were expressed in trans.*4 


Building on this strategy, rabies virus was the first infectious Mononegavirales to be 
recovered entirely from cloned cDNA,°*® followed several months later by VSV79®:°? and, 
as the first paramyxoviruses recovered, MeV and SeV.!’**/4 In contrast to the first- 
generation minigenome reporter technology, which produced negative-strand RNAs, all of 
these initial full-length reverse genetics systems were engineered to express antigenomic, 
positive polarity RNA molecules (Fig. 12.32). Attempts to directly recover virions from 
direct expression of genomic RNAs were either unsuccessful or highly ineffective,*% 
supposedly because simultaneous expression of negative polarity genomic RNA and positive 
polarity mRNAs in the same cell sets the stage for dsRNA formation through hybridization, 


triggering IFN-1 response pathways and preventing encapsidation.°~® 

Although progress has been made to optimize the technology and many more 
paramyxoviruses have successfully been generated from cloned cDNAs (i.e., NDV,*%° 
NiV,°*? HeV,°*° CDV,!4 RPV,2! MuV,°8 HPIV-1,°9% HPIV-2,26 HPIV-3,'42:16 and PIV- 
5°08) the frequency of virus recovery remains relatively low. Rate limiting remains the initial 


formation of bioactive antigenomes through inefficient, spontaneous encapsidation of the 
antigenomic RNA molecules expressed from the cloned full-length cDNAs by N protein 
provided in trans. Process improvements included the use of engineered cell lines stably 


expressing T7 polymerase”® rather than the original superinfection of transfected cells with a 


recombinant vaccinia virus encoding T7 polymerase,°~® the use of helper plasmids encoding 
mammalian-cell codon-optimized versions of N, P, and L under the control of strong 
constitutive mammalian promoters, and the combination of a self-cleaving hammerhead 
ribozyme sequence preceding the viral antigenome RNA in combination with overexpression 


of plasmid-encoded codon-optimized T7 polymerase.*° In particular, the production of RNA 
transcripts with precise 3’ and 5’ ends of the viral genomes through inclusion of ribozyme 
elements has increased rescue efficiency dramatically, advancing from approximately 1 per 


10° to 10” to 1 per 10° to 10° transfected cells. Based on the design of T7 polymerase— 
independent reverse genetics systems for influenza virus, Mononegavirales minigenome 
technology has also been developed that employs the cellular RNA polymerase I (Pol I) 


promoter.°*? Naturally responsible for the synthesis of ribosomal RNAs in higher eukaryotes, 
Pol I-driven systems, when combined with helper plasmids under the control of constitutive 
mammalian RNA polymerase II promoters, provide superior flexibility in the choice of host 
cell type while bypassing the need for transforming an additional, T7 polymerase—encoding 
plasmid or superinfecting with a T7 polymerase—expressing helper virus. However, Pol I- 
mediated RNA synthesis in the nucleus is less suitable for the synthesis of full-length viral 
RNAs and may require codon optimization of viral coding regions, making this technology 
most useful for minigenome reporter systems. 


As discussed throughout this chapter, recombinant paramyxovirus viruses have been 
instrumental in elucidating the role of individual viral proteins and protein subdomains in the 
viral life cycle, better understanding the molecular interplay between the replicating virus and 
the host cell, and identifying determinants of viral pathogenesis. Reporter paramyxoviruses 
expressing, for instance, luciferases or fluorescent proteins from additional transcription units 
have elucidated host invasion pathways, increasingly in combination with noninvasive in 
vivo imaging technology. Reporter viruses have furthermore been game-changing for the 
identification and development of novel antiviral drug candidates through automated drug 
screening campaigns and the targeted engineering of next-generation vaccine candidates. 
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HISTORY 


Hendra virus (HeV), the first known member of the genus Henipavirus in the family 
Paramyxoviridae, came to light in September 1994 as the causative agent of a sudden 
outbreak of acute respiratory disease in thoroughbred horses at a stable in Brisbane, 
Australia. A total of 21 horses and 2 humans (a horse trainer and a stable hand) became 
infected. The horse trainer and 14 horses died.!? A virus was isolated, initially called equine 
morbillivirus but later renamed Hendra virus after the Brisbane suburb where the outbreak 
occurred. A second person died from HeV infection 13 months after the Brisbane outbreak, a 
farmer from Mackay, nearly 1,000 km north of Brisbane. Unlike the first case, however, the 
man succumbed to encephalitis caused by HeV infection 14 months after his initial mild 
meningitic illness.** After initial serologic evidence suggested that fruit bats (flying foxes) of 
the genus Pteropus in the suborder Yinpterochiroptera were the reservoir hosts,” HeV was 
isolated from two species of flying fox.° In total, there have been 60 recognized occurrences 
of HeV in Australia between 1994 and 2018, with at least 1 occurrence per year since 2006 
(Table 13.1A).’ Every occurrence of HeV has involved horses as the initial infected host, 
causing lethal respiratory disease and/or encephalitis, along with a total of seven human cases 
arising from exposure to infected horses, among which four have been fatal and the most 
recent in 2009 (Table 13.1B).® 


TABLE 13.1A Summary of Hendra virus outbreaks in horses in Australia 


1994 Aug QLD Mackay 2 
1994 “Sep ALD “Hendra 20 
1999 Jan QLD Cairns 1 
2004 Oct QLD Cairns 1 
Dec QLD Townsville 1 
+ 2006 Jun Rolly) Peachester 1 
Oct NSW Murwillumbah 1 

2007 Jun QLD Peachester 1 
Jul QLD Cairns 1 

- 2008 Jun QLD Redlands 8 
Jul QLD Proserpine 4 

- 2009 “Jul -alp Cawarral 4 
Sep QLD Bowen 2 

2010 May QLD Tewantin 1 
2011 Jun QLD Beaudesert 1 
QLD Boonah 3 

QLD "Logan 1 

NSW Wollongbar 2 

“Jul ALD Park Ridge 1 

NSW Macksville 1 

QLD Kuranda 1 

NSW Lismore 1 

QLD Hervey Bay 1 

QLD Boondall 1 

QLD Chinchilla 1 

NSW Mullumbimby 1 

Aug NSW South Ballina 1 

NSW South Ballina 2 

NSW - Mullumbimby 1 

QLD Gold Coast Hinterland 1 

NSW North Ballina 1 

Oct QLD Beachmere 3 

2012 Jan QLD Townsville 1 
May QLD Rockhampton 1 

QLD Ingham 1 

Jun QLD Mackay 1 

Jul QLD Rockhampton 3 

QLD Cairns 1 

Sep ALD Port Douglas 1 
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4QLD, Queensland; NSW, New South Wales. 
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bai cases were deceased. 


TABLE 13.1B Summary of Hendra virus outbreaks in humans 
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Nipah virus (NiV), the second known member of the genus Henipavirus, emerged as the 
cause of an outbreak of disease in pigs and humans in Peninsular Malaysia in 1998 through 
1999. The epidemic started in Perak State as clusters of cases of encephalitis among pig 
farmers. It was initially believed to be caused by Japanese encephalitis virus; however, 
various features of the outbreak, including a high proportion of cases in direct contact with 
pigs and illness and deaths in pigs, differed from those expected with Japanese encephalitis.° 
Indeed, respiratory illness and encephalitis in pigs preceded human cases in the same 
district.!° The epidemic spread south to the intensive pig farming areas of Negeri Sembilan in 
December 1998 and subsequently peaked between February and April 1999. More than 1 


million pigs were destroyed to halt the spread of the epidemic, and by late May, 265 human 
cases of acute encephalitis with 105 deaths were recorded.®!! A cluster of 11 cases with 1 
death occurred among abattoir workers in Singapore.'* In early March 1999, a virus was 
isolated from the cerebrospinal fluid (CSF) of a patient with encephalitis and identified as the 
etiologic agent.?!! Named Nipah virus after the village from which the patient had come, it 
was shown to be closely related to HeV. NiV was subsequently isolated from the urine of 
Malaysian flying foxes.!° A highly related NiV emerged in Bangladesh in 2001,'* and 
outbreaks of NiV-related encephalitis have occurred in people from that country almost every 
year since, along with three reports of NiV encephalitis in India,'°-!® albeit in Bangladesh 
adjacent regions. However, the most recent outbreak of NiV occurred in 2018 in Kerala 
(India), more than 2,500 km southwest of NiV-endemic Bangladesh counties. This outbreak 
claimed 21 lives out of 23 infected human cases.!” In 2014, an NiV outbreak occurred in the 
Province of Sultan Kudarat, the Philippines, which resulted in the death of 9 humans from 11, 
which showed an acute encephalitis syndrome.'® The human case fatality rate of these NiV 
outbreaks averages around 60% (Table 13.1C). So far human NiV outbreaks have been 
documented in a total of five countries: Malaysia, Singapore, Bangladesh, India, and the 
Philippines. Seroepidemiological evidence for henipavirus spillover events from bats into 
high-risk human populations have also been reported in Cameroon.'9 


TABLE 13.1C Summary of Nipah virus outbreaks in humans 


1998  Sep-Apr 1999 Malaysia Started from Nipah near Ipoh 265 105 M 40% 


1999 Mar Singapore Singapore 11 1 M 9% 
2001 Feb India Siliguri 66 45 B 68% 
2001 Apr-May Bangladesh Meherpur 13 9 B 69% 
2003 Jan Naogaon 12 8 B 67% 
2004 = Jan Raibari 31 23 B 74% 
Apr Faridpur 36 27 B 75% 
2005 Jan-Mar Tangail 12 11 B 92% 
2007 Jan-Feb Thakurgaon 7 3 B 43% 
Mar Kushtia 8 5 B 63% 
Apr Pabna, Natore, Naogaon 3 1 B 33% 
Apr India Nadia 5 5 B 100% 
2008 Feb Bangladesh Manikganj = 4 B 100% 
Apr Rajbari 7 5 B 71% 
2009 = Jan Gaibandha, Rangpur, Nilphamari 3 ) B 0% 
Rajbari 1 1 B 100% 
2010 Feb-—Mar Faridpur, Rajbari, Gopalganj, 17 15 B 88% 
Kurigram 
2011 Jan-Feb Lalmonirhat, Dinajpur, Comilla, 44 40 B 91% 
Nilphamari, Faridpur, Rajbari 
2012 = Jan Joypurhat 12 10 B 83% 
2013 Jan—Apr Pabna, Natore, Naogaon, 24 21 88% 
Gaibandha, Manikganj 
2014 Jan-Feb 13 districts 18 9 B 50% 
2014 Mar—May The Senator Ninoy Aquino 17 9 M 53% 
Philippines 
2015 Jan-Feb Bangladesh Nilphamari, Panchagarh, Faridpur, 9 6 B 67% 
Magura, Naogaon, Rajbari 
2018 May India Kerala 23 21 B 94% 
293 115 M 39% 
355 269 B 76% 
Total 648 384 M B 59% 


INFECTIOUS AGENT 


Classification 


When HeV was first isolated in 1994, partial sequencing of the matrix gene (M) revealed that 
it most closely resembled members of the genus Morbillivirus in the subfamily 
Paramyxovirinae.* Subsequent characterization of the full-length genome, however, revealed 
that many of the genetic features of HeV were unique among paramyxoviruses and that the 
virus did not fit within any of the existing genera at that time.*°*! After the isolation of NiV 
in 1999, it was shown that sera raised against HeV were able to neutralize NiV and vice versa 
and that both viruses shared a high degree of similarity in genome organization and protein 


size and sequence.!!*2, °°, *4 In 2002, the genus Henipavirus was created to accommodate 
these novel paramyxoviruses, and HeV was designated the type species.*° Since 1994, there 
have been 38 isolations of HeV or NiV from humans, bats, horses, and pigs over a wide 
geographic area and spanning a period of approximately 20 years (Table 13.2). The 
susceptibility of humans, the virulence of the viruses, and absence of therapeutics and 
vaccines led to classification of HeV and NiV as biosafety level 4 (BSL4) pathogens. In the 
latest report from the paramyxovirus study group under the order Mononegavirales, the 
genus Henipavirus has been expanded to include three new species*®?’; they are Cedar 
henipavirus (Cedar virus [CedV]) isolated from bats in Australia“? Ghanaian bat 
henipavirus (Ghana virus [GhV]) detected in bats from Ghana,*? and Mojiang henipavirus 
(Mojiang [MojV]) detected in rats in China.*° These three new species are highly divergent 
from NiV and HeV, and only CedV has been isolated. GhV and MojV are only known from 
sequence information. Henipavirus is now classified as one of the fourteen ICT V-approved 
genera in the family Paramyxoviridae. 


TABLE 13.2 Summary of Henipaviruses isolated from different species 


and geographic locations 


Hendra Horse-1 
VR-1 
Bat-1-1 


Bat-1-2 
Bat-2 
Murwillumbah 
Clifton Beach 
Peachester 
Redlands 
Proserpine 
Nipah PKL 
EKK 
WWS 
UMMC1 
UMMC2 
UM-0128 
VRI-0626 
VRI-1413 
VRI-2794 
B13/6-18 
B13/6-43 
JA13/6-4 
Rajbari-1 
Rajbari-2 
Faridpur 
Rajshahi 
CSUR381 
CSUR382 
Raypur-31 
Raypur-36 
Raypur-38 
Raypur-40 
Raypur-41 
Raypur-42 
Raypur-43 
Raypur-46 
Raypur-47 
Sylhet-47 


1994 


1996 


2006 
2007 
2008 


1999 


1999 


1999 


2000 


2004 


2004 


2013 


Australia 


Australia 


Australia 


Malaysia 


Malaysia 


Malaysia 


Malaysia 


| Bangladesh 


Cambodia 


Bangladesh 


Horse/spleen, lung 
Human/lung, liver, kidney, spleen 


Gray-headed flying fox (Pteropus poliocephalus)/ 
uterine fluid 


Gray-headed flying fox (P. poliocephalus)/fetus 
Black flying fox (Pteropus alecto)/fetal lung 
Horse/lung 

Horse/lung 

Horse/blood 

Horse/lung 

Horse/lung 

Human/cerebrospinal fluid 
Human/cerebrospinal fluid 
Human/cerebrospinal fluid 
Human/cerebrospinal fluid 
Human/throat secretion 

Human 

Pig/lung 

Pig/lung 

Pig/lung 

Bat/pooled urine 

Bat/pooled urine 

Bat/partially eaten jambu air fruit 
Human/oropharyngeal 
Human/cerebrospinal fluid 
Human/urine 

Human/urine 

Flying fox (Pteropus lylei)/urine 
Flying fox (Pteropus lylei)/urine 
Flying fox (Pteropus medius)/urine 
Flying fox (Pteropus medius)/urine 
Flying fox (Pteropus medius)/urine 
Flying fox (Pteropus medius)/urine 
Flying fox (Pteropus medius)/urine 
Flying fox (Pteropus medius)/urine 
Flying fox (Pteropus medius)/urine 
Flying fox (Pteropus medius)/urine 
Flying fox (Pteropus medius)/urine 


Flying fox (Pteropus medius)/urine 
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The ultrastructural characteristics of henipavirus-infected cells resemble those found in cells 
infected by other members of the Paramyxoviridae. Shared features include generation of 
large syncytia and the presence of viral nucleocapsids in cytoplasmic inclusion bodies and 


underlying electron-dense areas of the plasma membrane.*!** In Vero cells, NiV-induced 
syncytia are significantly larger than those generated by HeV, and nuclei and nucleocapsids 
are frequently located at the cell periphery, compared with HeV-induced syncytia, where they 
tend to be more centrally located or distributed randomly throughout the cytoplasm (Fig. 
13.1). Henipavirus-infected cells also contain structures that are not seen with other 
paramyxoviruses—specifically a network of membrane-like reticular structures in the 
cytoplasm and long tubules that appear to be continuous with the plasma membrane in NiV- 
infected cells. Tubules can also be observed in NiV virions (Fig. 13.2A). In situ hybridization 
suggests that these reticular structures contain viral RNA and may play a role in viral 


transcription.*! 


< ih . 
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FIGURE 13.1 Syncytia induced in Vero cells 24 hours after infection by Hendra 
virus (HeV) (A) and Nipah virus (NiV) (B). Methanol-fixed infected cells were 
labeled with rabbit monospecific antiserum to the HeV P protein and fluorescein- 
conjugated goat antirabbit immunoglobulin G. P protein is detected in extensive 
perinuclear ribonucleoprotein complexes (small arrow) and in discrete regularly 
shaped arrays (large arrow) distributed throughout the cytoplasm and believed to 
be sites of virus egress from the cell. Nuclei are indicated by chevrons. 


of Nipah virus (NiV)-infected Vero cells 
showing tubule-like structures, both in the cytoplasm and in a maturing virus 
particle (arrows). B: Electron micrograph of negatively stained Hendra virus 
(HeV) displaying the double fringe at the virus envelope (small arrow) and the 
herringbone nucleocapsids (large arrow). (Courtesy of Dr. Alex Hyatt, CSIRO 
Australian Animal Health Laboratory.) 


Virus Morphology 


Henipavirus particles are pleomorphic, varying from spherical to filamentous and ranging in 
size from 40 to 1,900 nm.*°/%* Nucleocapsids have a diameter of 18 to 19 nm with an 
average pitch of 5 nm. When examined by electron microscopy (EM), HeV has a unique 
double-fringed appearance, caused by the presence of surface projections 15 + 1 nm and 8 + 
1 nm in length (see Fig. 13.2B). Approximately 95% of virions contain the double fringe, and 
the remaining 5% display a uniform fringe length of 15 + 1 nm. Unlike HeV, NiV possesses a 
single layer of surface projections with an average length of 17 + 1 nm, and NiV particles 
released into the culture medium are difficult to image because they are routinely penetrated 
by negative stains. This suggests that the viruses may differ in the physical nature of their 
envelope.°7 


Genome Length and Organization 


In the family Paramyxoviridae, the genome length of all characterized viruses is divisible by 
6, an observation caused by the requirement of each N protein in the viral ribonucleoprotein 
to bind 6 nucleotide (nt) residues (see Chapter 12). This is also true for HeV and NiV despite 
their much larger genome sizes.** The genomes of the Malaysian (MY) and Bangladesh (BD) 
strains of NiV differ by 6 nt because of a 6-nt increase in the 3’-untranslated region of the F 
gene in NiV-BD.°* A minigenome replicon study confirms that NiV complies with the rule of 


six.24 When the complete genome sequence of HeV was determined, its length (18,234 nt) 
was more than 2,700 nt or 15% longer than the genomes of all other paramyxoviruses known 
at that time.*! The size of NiV genomes at 18,246 nt to 18,252 nt is slightly larger than that 
of HeV.***3.93 These large genome sizes of greater than 18 kb are a conserved feature of 
henipaviruses as even the recently discovered and more divergent CedV, GhV, and MojV all 
have genomes between 18,162 nt (CedV) and approximately 18,430 nt (GhV). Given the 
caveat that there is wide variation among individual species of the other paramyxovirus 
genera, the extra length of the henipavirus genome is primarily due to the longer 3’ 
untranslated regions (3’ UTRs) at the end of several of its six genes and a larger P gene 
relative to the other paramyxovirus genera. A comparison of genome length and gene 
organization of representative members of the Paramyxoviridae is shown in Figure 13.3A. 
The nomenclature of each of the six major genes common to all paramyxoviruses has been 
updated to reflect the latest ICTV convention.*° An analysis of the 3’ UTR lengths between 
extant henipaviruses and representative species from each paramyxovirus genera that infects 
mammals is presented in Figure 13.3B. The most significant differences are in the 3’ UTRs of 
N, P, and RBP genes even given the wide variance seen within each genus. The significance 
of long 3’ UTRs, especially in HeV and NiV, is generally unknown. However, the N gene 3’ 
UTR of NiV appears to play a role in the down-regulation of N mRNAs via specific 
interactions with hnRNP-D.°° 
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FIGURE 13.3 Genome size and organization of Hendra virus in comparison 
with the type species from representative genera genera in the family 
Paramyxoviridae. A: Genome length (in nucleotides) are given in brackets after 
each virus. Color coding: blue, N, P and L genes nucleocapsid responsible for 
replication and transcription; orange, M (Matrix); purple, envelope (F and RBP). 
B:3' UTR of certain genes in henipaviruses (N, P, and G) are longer than their 
counterparts from representative members of paramyxovirus genera that infect 
mammals. The 3’ UTR length (number of nucleotides) of each gene from 
representative members of the indicated genera is compared separately in box- 
and-whisker plots (N, P, M, F, RBP, and L). P values are calculated based on one- 
tailed t-test (Henipavirus vs. all other genera); five virus species from 
Henipavirus (HeV, NC_001906; NiV, NC_002728; CedV, NC_025351.1; GhvV, 
NC_025256.1; MojV, NC_025352.1) and three each from Morbillivirus (MeV, 


NC_001498.1; CDV, NC_001921.1; FeMV, NC_039196.1), Rubulavirus (MuV, 
NC_002200.1; HPIV-2, NC_003443.1; PIV-5, NC_006430.1), and Respirovirus 
(SeV, NC_001552; HPIV-1, NC_003461; HPIV-3, NC_001796.2). (Courtesy of 
Satoshi Ikegame and Christian Stevens, Icahn School of Medicine at Mount 
Sinai, New York.) 


The genome organization of henipaviruses resembles that in the genera Respirovirus and 
Morbillivirus, in that the first 12 nt of the 3’ and 5’ genomic terminal sequences of 
paramyxoviruses are highly conserved and complementary, containing promoter elements for 
replication and transcription (see Chapter 12). The first 3 nt of the henipavirus genome 
termini are 5’-ACC-3’—a sequence that is absolutely conserved in members of the family 
Paramyxoviridae and different from that found in the family Pneumoviridae. 


Virus Proteins and Their Properties 
Analysis of purified viruses by polyacrylamide gel electrophoresis reveals L, P, RBP (G), Fo, 


N, F,, M, and F, proteins*?.*4 where Fy is the uncleaved and F, and F, are the cleaved 


products of the F gene (Fig. 13.4A). Interestingly, Fy is more readily detected in HeV 


compared with other paramyxoviruses, including NiV,**°’ which may suggest that HeV F is 


less efficiently cleaved. Overall, the proteins of henipaviruses are typical of those of 
Paramyxoviridae, with the exception of the P protein, which is significantly larger than 
cognate proteins in this virus family.*° The P protein is translated from messenger RNA 
(mRNA) that is colinear with genomic RNA. For most henipaviruses, the P gene also 
encodes V and W proteins, produced from mRNA in which one and two nontemplated G 
residues, respectively, are inserted at the RNA editing site during transcription. The P, V, and 
W proteins, therefore, are identical for the first 405 amino acid residues of NiV and HeV. A C 
protein is encoded by the 5’ end of the gene in an overlapping reading frame and is produced 
by an internal translational initiation mechanism, which is common to other members of 
Paramyxoviridae, except for rubulaviruses (see Chapter 12). The P-derived V, W, and C 
proteins are present in HeV-infected and/or NiV-infected cells.*+°° It is worth noting that 
CedV lacks both the RNA editing and expression of the V protein.*® Similar to other 
paramyxoviruses, P itself and its derived proteins (V, W, and C in the case of most 
henipaviruses), all antagonize innate immune responses via a diverse set of mechanisms.°%° 
The C protein also interacts with the host cell ESCRT machinery and the virus matrix (M) 
protein itself to facilitate virus budding (see Pathogenesis section for details on the function 
of these P-derived proteins).*! 
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FIGURE 13.4 The major proteins of Hendra virus and Nipah virus and their 
roles in the henipavirus life cycle. A: Viruses were purified and analyzed as 


described in Wang et al.29 Major virus proteins and the molecular weights of 
standard marker proteins are shown on the right and left, respectively. 
(Reproduced with permission from Wang LF, et al. Molecular biology of Hendra 
and Nipah viruses. Microbes Infect 2001;3:279-287.) B: Henipavirus replication 
cycle is depicted. The virus receptor-binding protein (RBP, gold lollipops) 
attaches the virus to the cell via its cognate receptor, typically ephrin-B2/ephrin- 
B3 (1) and triggers virus—cell membrane fusion mediated by the viral fusion 
protein (F, filled orange trapezoids) (2). Fusion delivers the nucleoprotein (N)— 
encapsidated negative-sense virus RNA genome (VRNA|[-], red) to the cytosol 
(3). The vRNA(-) serves as template for viral transcripts made by the 
transcriptase complex comprised of the phosphoprotein (P) and the large RNA- 
dependent RNA polymerase (L) (P-L, transparent hexagons) (4). Viral 
transcripts are made following a 3’ to 5’ attenuation gradient. The vVRNA(-) is 
also the template for making full-length antigenomic CRNA(+) (5), which in turn 
is a template for vVRNA(-) synthesis during virus genome replication (6). 
Henipavirus genome replication mediated by the N-P-L replicase complex is 
similar to the details described for the Paramyxoviridae in Chapter 12. However, 


some aspects of henipavirus assembly are relatively unique. The matrix protein 
(M, purple octagons) needs to transit through the nucleus (7) in a ubiquitin- 
regulated manner (8), in order to traffic properly to the plasma membrane. This 
nuclear sojourn involves shuttling through subnuclear compartments such as 
nucleoli (9). Proper trafficking is required for M to orchestrate the assembly of 
the viral RNPs with the viral envelope glycoproteins into budding infectious 
virions bearing the VRNA(-—) (10). Matrix also has nonstructural functions such 
as antagonizing type I IFN responses (11); see Figure 13.9 and text for details. 
Additionally, in order for the henipavirus F protein to be cleaved and become 
fusion competent, it needs to access cathepsins L/B in the endosomal 
compartment. To do this, F first reaches the plasma membrane via the secretory 
pathway in an uncleaved form (open beige trapezoids) (12). Subsequent 
endocytosis and recycling back to the plasma membrane (12a) is required to 
form infectious virions where cleaved fusion-competent F (filled orange 
trapezoids) (12b) is complexed with the RBP in its proper oligomeric state. 
Where this occurs along the vesicular trafficking pathway and/or the plasma 
membrane is unresolved (13). F protein cleavage is seldom complete, and 
uncleaved F can be detected in budded virions (14). (Adapted from Aguilar HC, 
Lee B. Emerging paramyxoviruses: molecular mechanisms and _ antiviral 
strategies. Expert Rev Mol Med 2011;13:e6.) 


Paramyxovirus N, P, and L proteins are necessary and sufficient for replication of viral RNA 
both in vitro and in vivo as discussed in Chapter 12. This has been confirmed for 
henipaviruses by reverse genetics using a minigenome replicon containing leader and trailer 
sequences of the NiV genome with its entire coding region replaced with a reporter gene.°*** 
NiV N, P, and L proteins were also able to rescue an HeV minigenome, demonstrating the 
close genetic relationship between the viruses. Full-length recombinant NiV bearing the 
matrix (M), fusion (F), and receptor-binding protein (RBP) genes from HeV, singly or in 
combination, can also be functionally rescued. These chimeric but isogenic rNiVs replicate 
well in primary human endothelial and neuronal cells, further underscoring the genetic 
relatedness of NiV and HeV that allows for heterotypic complementation between their major 
structural proteins.*° These henipavirus structural proteins contribute to unique aspects of the 
henipavirus life cycle (Fig. 13.4B) and play different roles in the spread and virulence of 
henipaviruses. Indeed, multiple groups have developed recombinant virus systems for NiV, 
HeV, and CedV bearing various reporters and/or relevant mutations.*°, 44, 4°, 4, 47, 48, 49, 59, 
ot 52. 53 These additional tools have facilitated work toward understanding the virological 
and pathogenic similarities and differences among the henipaviruses (see Pathogenesis 
section for details). 


The L protein of nonsegmented, negative-strand RNA (NNR) viruses in the order 
Mononegavirales contains a highly conserved GDNQ motif, believed to be important for 
polymerase activity.°* Henipaviruses were the first NNR viruses in which GDNQ was 
replaced by GDNE. It was speculated that this motif might be unique to paramyxoviruses 
with relatively large genomes*!**; however, the GDNE motif has since been found in the L 
protein of Mossman virus that has a genome length of 16,650 nt.°> Conversely, other 
henipaviruses of both Asiatic (CedV) and African lineages (GhV) also have the GDNQ motif 
that is common to most other NNR viruses. High-resolution cryo-EM structures of VSV-L 
(another NNR virus, family Rhabdoviridae) suggest that GDN is the truly conserved catalytic 
motif essential for the polymerase function of L.°° 


The receptor-binding proteins (RBPs) of the Paramyxoviridae display hemagglutination 
(H) and neuraminidase (N) activities in a predominantly genus-specific manner. Viruses in 
the genera Respirovirus, Avulavirus, and Rubulavirus possess both activities; hence their 
RBPs were formerly termed HN proteins,°’ whereas viruses in the genus Morbillivirus do not 
behave uniformly and only some possess hemagglutination activity, but nonetheless their 
RBPs were formerly termed H.°® This is an unfortunate misnomer. Paramyxoviruses with 
RBPs bearing HN activity genuinely use sialic acid—based receptors for entry, whereas “H” 
activity of some morbilliviruses arise from the ability of their RBPs to bind CD46 expressed 
on some nonhuman primate (NHP) red blood cells.°’ In contrast, henipavirus RBPs have 
neither of these activities?*°; rather, they utilize at least ephrin-B2, and in many cases, also 
ephrin-B3 expressed on host cell surfaces as attachment and entry receptors.7®°!, ©, 63, 64, 6» 
The exception is MojV, which does not appear to use any known paramyxovirus receptors.°° 
Recent solution structures of various henipavirus RBPs alone and in complex with the 
ephrin-B2 and/or ephrin-B3 receptors have revealed the details of the virus—host cell binding 
process, distinguishing it from other paramyxoviruses' receptor-binding strategies°?°, ©, ©7, 
8. & (Fig. 13.5). 
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FIGURE 13.5 A structure-based phylogeny of paramyxoviral receptor-binding 
proteins. Structure-based phylogenetic analysis on extant structures of 
henipavirus RBPs and representative RBPs from at least one virus in other 
paramyxovirus genera for which structural data are available. RBPs are shown 
besides the tree and are rendered as surface representation (gray). All receptor- 
binding proteins, with the exception of the MojV-G, are shown in complex with 
their respective receptor molecules (yellow), with the receptor-binding interface 
colored red. Analysis was performed and produced as described in Rissanen et 


al.66 Paramyxoviral RBPs generally cluster according to their respective genera 
and cellular receptor usage with the exception MojV-RBP, which is almost 
equidistant to all structurally studied genera. (Courtesy of Dr. Thomas Bowden, 
University of Oxford, UK.) 


Proteolytic processing of paramyxovirus F proteins is essential for the generation of a 
fusogenic form of the protein. For most paramyxoviruses that generate systemic infections, 
furin-like proteases in the secretory pathway cleave their F proteins at a multibasic cleavage 
site.” Surprisingly, henipavirus F proteins are cleaved without the involvement of furin and, 
although cleavage occurs at a single basic residue—lysine for HeV and arginine for NiV?’— 


activation of the NiV F protein does not require a basic amino acid at the cleavage site.”! 
Instead, endosomal/lysosomal cysteine proteases such as cathepsins L and B are responsible 
for the cleavage of henipavirus F proteins.’*, °, “*, ° To access cathepsins L/B, henipavirus 
F proteins are endocytosed upon initially reaching the cell surface in an uncleaved form and 
subsequently have to traffic back to the cell surface once they are cleaved into a fusion- 
competent form (Fig. 13.4B).°°°” Classical endocytic YXX@ motifs’®”” in the cytoplasmic 
tails of henipavirus F proteins and specific residues in the transmembrane domain of at least 
HeV F regulate this trafficking behavior through the early/sorting (S490) and recycling 
endosomal (Y498) compartments.’® Henipavirus F proteins also have the ability to bud by 
themselves, forming F-only particles in the absence of M.’%°° 


The matrix protein (M) plays a major role in the efficient assembly and budding of 
infectious paramyxoviruses.*!°* M interacts specifically with N, the cytoplasmic tail of F, as 
well as cognate lipid ligands along the vesicular trafficking pathway. These orchestrated 
interactions help to coordinate the envelopment of encapsidated viral genomes (RNPs) and 
the budding of infectious virions bearing a relatively high density of viral envelope 
glycoprotein spikes. General details on the role that matrix plays in paramyxovirus assembly 
and budding are given in Chapter 12. 


Henipavirus M exhibits some relatively unique behaviors and functions. For example, 


NiV and HeV M have classical nuclear localization and export sequences (NLS, NES) that 
when mutated give the relevant nuclear exclusion and nuclear retention phenotypes, 
respectively.®? Time-course monitoring of M trafficking during live NiV and HeV infection 
indicates that M first appears in the nucleus and localizes to subnuclear compartments, 
including the nucleolus, before exiting into the cytoplasm and trafficking to the plasma 
membrane to coordinate virus assembly and budding (Fig. 13.4B).°°°4 This nuclear transit is 
regulated by ubiquitination and is critical for M to acquire its budding functionality.°*®° 
Henipavirus M is multimono- and polyubiquitinated; a lysine to arginine mutation of a key 
residue in its bipartite NLS is sufficient to dysregulate ubiquitination of M and abrogate its 
budding function.®*®° The latter is true not only in HeV and NiV but also in divergent 
henipaviruses (GhV, CedV, MojV), albeit to varying degrees.®° Matrix interactome studies 
have identified many nuclear interacting factors, including importins and exportins, 
consistent with the nucleocytoplasmic trafficking phenotype of M.®°.87 


Host Range 


For most paramyxoviruses, host range is limited and interspecies transmission is rare. In 
contrast, henipaviruses display a broad species tropism. In addition to a large number of bat 
hosts at various geographic locations (see more detail in Epidemiology section), NiV has 
naturally infected pigs, humans, dogs, horses, and cats,!0-!188, 89, 90 whereas HeV infects all 
four Australian flying fox species and has naturally infected humans, horses, and dogs.*!, 
92. °3 Confirmation of the wide host range of these henipaviruses and the identical cell 
tropism of HeV and NiV were obtained early using an in vitro cell fusion system that relies 


on vaccinia virus—mediated cell surface expression of G and F glycoproteins.**, °°, °° Bats, 
guinea pigs, hamsters, ferrets, squirrel monkeys, and African green monkeys (AGMs) are 
also susceptible to experimental NiV infection.’’, 7°, 9°, 1°°, !°' Laboratory studies have 
added cats, guinea pigs, hamsters, ferrets, dogs, and AGMs to the list of HeV-susceptible 
species.2°-102, 103, 104° 105, 106 CedV, isolated from flying foxes (Pteropus sp.) in Cedar 
Grove, Australia, can establish transient but nonpathogenic infections in laboratory- 
challenged guinea pigs and ferrets.72 GhV and MojV, known only from sequence 
information, were identified from bats? and rats,°° respectively. 


PATHOGENESIS AND PATHOLOGY 


Entry Into the Host 


Epidemiologic and experimental studies generally support an oronasal®!071°8 or 


oropharyngeal!°9, '!°, 1!!! route of entry. This occurs directly or indirectly via saliva, urine, or 


oronasal secretions that are contaminated with relatively high levels of HeV _ or 


NiV.23:105,107,112 113 ae 15 16. ay 6 ae au ta eae 123 Figure 13.6 summarizes what is 


known about how NiV is transmitted to humans either directly from their pteropid reservoir 
hosts—fruit bats or flying foxes—or indirectly via a secondary amplifying host such as pigs, 
horses, and humans. Direct bat-to-human transmission has been associated with consuming 
contaminated fruit or liquid (e.g., date palm sap).!°9, 11°, !!' Human-to-human transmission 
of NiV has been well documented, especially in Bangladesh''”!*4, 17°, °° and the most 
recent outbreak in Kerala (India).!’ However, all seven known cases of HeV infections in 
humans have resulted from contact with sick horses already exhibiting symptoms of 
respiratory distress,!~’ likely after being exposed to food or water contaminated with saliva 
and urine/droppings from HeV-infected flying foxes.'*® While patients that succumb to 
henipavirus infections eventually die from encephalitic complications that often involve 
brainstem neuronal dysfunction,!°*!*9 there is diversity of clinical presentations.’°° For 
example, NiV-MY-infected patients in Malaysia present less often with respiratory 
involvement (~40%) than the vast majority of NiV-BD-infected patients in Bangladesh and 
India. A handful of HeV-infected humans have also presented with encephalitic illness with 
or without a respiratory component (see Clinical Features section). To better understand the 
pathogenesis and pathology associated with henipavirus disease in humans, many relevant 
animal models have been developed that either represent natural amplifying hosts (pigs and 
horses) or reproduce well the respiratory and encephalitic disease seen in humans (hamsters, 
ferrets, and AGMs).!°!)!°* Despite the broad host range mentioned in the prior section, other 
animal challenge models (guinea pigs, cats, dogs) either do not represent the full spectrum of 
disease seen in humans or are relatively asymptomatic when challenged with NiV and/or 
HeV. 93,131 
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FIGURE 13.6 Nipah virus transmission. Major pathways of human Nipah virus 
infection are summarized for Malaysia (blue arrows), Bangladesh (red arrows), 
the Philippines (green arrows), and the latest outbreak in Kerala, India (orange 
arrows). (Adapted from Clayton BA. Nipah virus: transmission of a zoonotic 
paramyxovirus. Curr Opin Virol 2017;22:97—104.) 


Site of Primary Replication, Virus Spread, and Cell and Tissue 
Tropism 

The clinical and pathological data from humans (see Clinical Features section), relevant 
animal models, and cell tropism studies (Table 13.3) indicate that the initial site of replication 
is within the respiratory system, likely involving cells lining the oro-/nasopharyngeal 
epithelium as well as bronchiolar epithelial cells, type I pneumocytes, alveolar macrophages, 
or pulmonary airway dendritic cells (DCs).*°1°2, !°3, 134, 155 The distribution and time of 


appearance of lesions throughout the vasculature and in the brain and lung in NiV 
encephalitis suggest that secondary infection probably arises via hematogenous spread of the 
virus, with secondary replication occurring in vascular endothelium.'°° Inflammation of 
blood vessels (vasculitis) occurs in most organs but is particularly prominent in the brain, 
lung, heart, kidney, and spleen.?!°°!37 Vasculitis is limited to small arteries, arterioles, and 
capillaries where NiV antigen is found in both endothelial cells and the smooth muscle of the 
tunica media. The pattern and time of appearance of vasculitis and viral antigen distribution 
are consistent with endothelial cell infection occurring before infection of the smooth muscle. 
The 5-day interval between maximal vasculitis in the brain and parenchymal infection in 
acute NiV encephalitis suggests that virus replication occurs first in endothelial cells, with 
infection of neurons occurring as a result of vascular damage and breakdown of the blood— 
brain barrier (BBB). In humans as well as in pigs and hamsters, viral antigen—positive brain 
microvascular endothelial cells can be observed in areas of compromised BBB 
integrity.!°°'9°!8° The presence of inclusion bodies and viral antigen in neurons, along with 
widespread histologic and radiologic lesions, suggests that neurologic impairment in NiV 


(and HeV) encephalitis may be caused by both the effects of ischemia and infarction and 


viral infection of neurons. !*107,1°6 


TABLE 13.3 Henipavirus cell tropism and receptor expression 


~ Human 
F 
HeLa-CCL2 


HeLa-USU 


} 
- HeLa-USU-EFNB2 


HeLa-USU-EFNB3 


\ 
Vero (various 
_ subclones) 


p 
U373-MG 
U87-MG 
| 
HBMEC (primary) 
F 
HUVEC (primary) 


| 


HuNSC neurons/ 
_ astrocytes (Primary) 


| NHBE (primary) 


SAEC (primary) 


Hu PBL (primary) 
| 


F 
_ HuMono/Mac/DCs 
(primary) 


| 
HuOE (primary) 


Nonhuman 
BHK-21 
CHO 


Human cervical cancer 


Human cervical cancer 


HeLa-USU stably expressing EFNB2 


HeLa-USU stably expressing EFNB3 


African green monkey kidney 


epithelial 


Human embryonic kidney fibroblast 


Human lung adenocarcinoma 


Human head and neck carcinoma 


Human astroglioma 


Human glioblastoma 


Human brain microvascular 


endothelial 


Human umbilical cord endothelial 


Human neural stem cell-derived 
neurons and astrocytes 


(Normal) human bronchial epithelial 
Human small airway epithelial 


Human peripheral blood 
lymphocytes 


Human monocytes, macrophages, 
dendritic cells 


~ Human olfactory epithelial 


Baby hamster kidney fibroblast 


Chinese hamster ovary 
CHO stably expressing ephrin-B2 
CHO stably expressing ephrin-B3 


Cat (feline) kidney epithelial 


(+/-)2 


Mono/Mac 
(+/-)4 
DC (+/-)¢ 


(?) 


(+/-)# 


Mono/Mac 
(+/-)2 
DC (-) 


+ 


(?) 


hot |b + 


Mono (-) 
Mac (-) 
DC (+/-) 


+ 


44,62 
62 

28,53 
28,53 


2,11,28,62,304,305 


306-309 
49,87,310 


62,267 


62,150,267 
65,305,311,312 


136,304 
43,313 
43,314 
315,316 
315,316 
150 


150,182 


142,317 


44,310 
44,63,64 


63,64 
63,64 


308 


PBMEC Porcine brain microvascular NiV 4 + + 304,318 
(primary) endothelial 


PAEC Pig aorta endothelial NiV ~ ~ - 304 

(primary) 

PK13 Pig kidney fibroblast NiV - - - 63,319 

Rat cortical neurons Rat cortical neurons NiV 7 + + 63,307 
(Primary) 

4/4RM4 Rat pleural mesothelial NiV + ND + 44,320 

L2 Rat lung epithelial NiV + ND + 44,321 

208f Rat embryonic fibroblast NiV + ND - 44,321 

P815 Mouse mast cell NiV + ND - 44 321 

MyEnd Mouse myocardial endothelial NiV (2) (2) - 304 

PaLuTO2 Immortalized P. alecto (fruit bat) lung NiV + + + 175,322 
cells HeV 

Paki Primary P. alecto (fruit bat) kidney HeV + at 175,322 
cells 

PaBrHO4 Immortalized P. alecto (fruit bat) NiV 4 + 7 322,323 
brain cells HeV 

MMEC Mouse microvascular endothelium NiV (?) (?) (+/-)? 310 

HeV 


“Expression inferred from (1) transcriptional data (microarray, next-generation sequencing, RT-PCR, etc.) provided in the 
cited references, or (2) independently verified through the Gene Expression Omnibus (GEO) database 
(https://www.ncbi.nlm.nih.gov/geo/), or (3) competition with soluble ephrin-B ligands or interference with cognate 
henipavirus receptor-binding proteins. 


bE or clarity and uniformity, only infection-permissive (not fusion-permissive) data are indicated; infection includes use of 
live virus and/or pseudotyped virus. 

cReferences cited support expression, infection data, or cell-type origin where relevant and are representative, not 
comprehensive. 

dindicates greater than 10—100-fold below positive control when quantitative data are available. ND, not determined; (?), 
not specifically mentioned. 


In addition to the systemic vasculitis, NiV antigen is clearly present in the parenchyma of 
multiple organs mentioned above. The same pathology has been reported for a fatal case of 
acute HeV encephalitis.‘4° Similar widespread infection and multiorgan vasculopathy has 
been demonstrated in relevant animal models with the highest viral antigen load consistently 
seen in the lung and brain (Fig. 13.7).'°!'°* Interestingly, intranasal inoculation in pigs, 
hamsters, and ferrets suggests that NiV can also directly invade the central nervous system 
(CNS) through the olfactory epithelium (OE). NiV antigen—positive neurons or olfactory 
nerves can be found extending through the cribriform plate or in the nasal turbinate into the 
olfactory bulb.!°*:'8%'41 While primary human OE cells are susceptible to henipavirus 
infection,'** the olfactory route is unlikely to be the major mode of CNS invasion in humans 
(and the AGM model). Primates have a relatively smaller area of OE compared to hamsters, 
pigs, or ferrets where the majority of evidence regarding the olfactory route of entry has been 
gathered.?”!°9:4! In addition, NiV antigen was not detected in the olfactory bulbs of at least 
nine infected patients from the autopsy series reported from the Malaysian outbreak.!°° 
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FIGURE 13.7 Immunohistochemistry detection of Nipah virus (NiV) and 
Hendra virus (HeV) antigen in henipavirus-infected tissues. A-D:Hendra virus— 
infected tissues. A: Staining of HeV antigen (N protein—specific rabbit antibody) 
within the wall of superficial arteriole in the submucosa of the nasal cavity in an 
HeV-infected horse. B: Immunolabeling (N protein—-specific rabbit antibody) of 
the endothelium of medium-caliber vessels and alveolar septa in the lung of an 
HeV-infected African green monkey (AGM) (10x). C: Immunolabeling of HeV 
antigen (N protein—specific rabbit antibody) within neurons in the brainstem of 
an HeV-infected AGM (40x). D: Immunolabeling of HeV antigens (mouse anti- 
HeV polyclonal antibody) in neurons of acute HeV-infected human case (40x). 
E: Positive immunolabeling (using anti—Nipah virus rabbit serum) within the 
lung of an NiV-infected pig. Involvement of bronchial epithelium and airway 
debris is noted. F: Immunolabeling (N protein-specific antibody) of the 
endothelium of medium-caliber vessels and alveolar septa in the lung of an NiV- 
infected AGM (20x). G: Immunolabeling of NiV antigen (N protein—specific 
antibody) within neurons in the brainstem of an NiV-infected AGM (40x). H: 
Immunolabeling of NiV antigens (hyperimmune anti-NiV mouse ascitic fluid) in 
the cytoplasm and nuclei of neurons and neuronal processes in the brain of acute 
NiV-infected human case (158x). (A and E: Courtesy of Dr. Deborah Middleton, 
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CSIRO Australian Animal Health Laboratory. B, C, F and G: Courtesy of Dr. 
Karla Fenton, University of Texas Medical Branch at Galveston, Texas. D: 
Courtesy of Dr. Kum Thong Wong, University of Malaya. H: From Wong KT, 
Shieh WJ, Kumar S, et al. Nipah virus infection: pathology and pathogenesis of 
an emerging paramyxoviral zoonosis. Am J Pathol 2002;161(6):2153—2167.) 


The widespread cell and tissue tropism of NiV and HeV seen in humans and the various 
animal models is determined by the expression pattern of the henipavirus receptors, ephrin- 
B2 and ephrin-B3.°!, ©, ©, 4 The ephrin-B ligands and their cognate EphB receptors are 
both receptor tyrosine kinases that mediate bidirectional cell—cell signaling events upon 
engaging each other. They are critical modulators of cell remodeling events, especially within 
the nervous and vascular systems.!**'*4 They are also highly conserved among vertebrates, 
which explains, at least in part, the unusually broad species tropism of henipaviruses. Ephrin- 
B2 is found in arteries, arterioles, and capillaries in multiple organs and is more broadly 
distributed across multiple tissues and cell types (Fig. 13.8), including neurons, arterial 
smooth muscle, and human bronchiolar epithelial cells,‘**-'4°, 14°, '4” but is absent from 
venous components of the vasculature.'48-!“9 In contrast, ephrin-B3 is essentially restricted to 
the brain'“* where it is expressed higher than ephrin-B2 (Fig. 13.8). Its relative absence from 
organs such as the lung, kidney, and spleen, as well as from arterial endothelium, suggests 
that the systemic vasculitis, respiratory distress, and other end-organ pathologies seen in 
henipavirus infections are largely a consequence of ephrin-B2—mediated entry. Conversely, 
ephrin-B3—mediated entry may play a larger role in the spread of HeV and NiV within the 
CNS. 
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FIGURE 13.8 Ephrin-B2 and ephrin-B3 RNA-seq expression data across 
representative human nondisease tissues. Shown here are ephrin-B2 (upper) and 
ephrin-B3 (lower) expression data obtained from the Genotype-Tissue 
Expression (GTEx) Portal. The GTEx project is a public resource where up to 53 
nondisease tissue sites obtained from nearly 1,000 individuals are subjected to 
RNA-seq by next-generation sequencing among other assays. Details on datasets 
can be found on https://gtexportal.org. Data from all available brain regions are 
shown. The nonbrain tissues are chosen for illustrative purposes based on their 
relevance to henipavirus pathogenesis. Expression data in transcripts per million 
are plotted as violin plots with the medians and 25th and 75th percentiles shown; 
points are displayed as outliers if they are above or below 1.5 times the 
interquartile range. 1a Artery, aorta; 1b artery, coronary; 2a brain, amygdala; 2b 
brain, anterior cingulate cortex (BA24); 2c brain, caudate (basal ganglia); 2d 


brain, cerebellar hemisphere; 2e brain, cerebellum; 2f brain, cortex; 2g brain, 
frontal cortex (BA9); 2h brain, hippocampus; 2i brain, hypothalamus; 2j brain, 
nucleus accumbens (basal ganglia); 2k brain, putamen (basal ganglia); 21 brain, 
spinal cord (cervical c-1); 2m brain, substantia nigra; 3 breast, mammary tissue; 
4 colon, transverse; 5 esophagus, gastroesophageal junction; esophagus, mucosa; 
6 heart, left ventricle; 7 kidney, cortex; 8 liver; 9 lung; 10 minor salivary gland; 
11 spleen; 12 whole blood. 


Human lymphocytes (mainly T and B cells), and monocytes, despite being nonpermissive for 
NiV infection!°? or HeV F/RBP-induced fusion,“ can bind and transfer NiV to permissive 
microvascular endothelial cells in vitro.'°° This transinfection phenotype, thought to be 
mediated by heparan sulfates,'°! may be an efficient form of hematogenous spread in 
addition to the free form viruses that make up the plasma viremia seen in acute NiV and HeV 
infections in humans. This acute but transient viremia appears about 4 to 7 days post onset of 
illness (POI) and, in survivors, is usually undetectable within 2 to 4 weeks POI depending on 
severity of the disease course.'”!°*, !°3, !°4 A similar course of plasma viremia can also be 
detected in AGMs challenged intratracheally and orally with NiV.%° The next section on the 
Immune Response will discuss possible mechanisms by which viremia is cleared in 
survivors. 


Immune Response 


Viral Antagonism of Innate Immune Responses 


HeV and NiV have a broad host range that is uncommon in paramyxoviruses. This ability to 
replicate, spread, and cause acutely lethal disease among multiple species suggests that these 
viruses have evolved effective means to antagonize or evade innate antiviral responses that 
might otherwise keep them in check until adaptive immune responses develop. In 
henipaviruses, as in other paramyxoviruses,*° the major anti-interferon (IFN) activities are 
encoded by the P gene, and in vitro studies indicate that P gene products inhibit both IFN 
induction and signaling (Fig. 13.9).°? In IFN induction, various forms of viral double- 
stranded RNA (dsRNA) are detected by cytoplasmic RNA helicases!®°, 1°°, '°7 such as RIG-I 
and MDAS and by toll-like receptor-3 (TLR3).°”'°® Both of these dsRNA signaling 
pathways, via a cascade of signaling events depicted in Figure 13.9 (left), lead to activation 
and nuclear translocation of interferon regulatory factor (IRF) 3, or if present, IRF7, and 
nuclear factor kappa B (NF-xB), transcription factors that induce the expression of IFN-a/6 
proteins. HeV and NiV inhibit dsRNA signaling via its V protein, which binds to MDA5 and 
prevents downstream signaling!°>!°%!° but does not abrogate dsRNA signaling through 
TLR3.'°! Recent evidence suggests that NiV V also binds RIG-I and its regulator (TRIM25), 
disrupting downstream signaling.!°* In an additional strategy unique to henipaviruses, the W 


protein, by virtue of an NLS located in the unique carboxy-terminal, inhibits induction of 
IFN-a/6 expression in the nucleus by targeting a process that is part of both helicase- 
dependent and TLR3-dependent signaling pathways.!°? Unexpectedly, the NiV M protein can 
also inhibit IFN-a/6 induction by indirectly antagonizing the activity of [IKKe, the kinase 
responsible for IRF3 activation.?! 
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FIGURE 13.9 Innate immune evasion mechanisms of the Nipah virus N, P, V, 
W, and M proteins. Left: The V and W proteins (green diamonds and trapezoids, 
respectively) block IFN-a/B expression by different mechanisms. Depicted are 
simplified versions of the RIG-I-like receptor (RLR) signaling (blue arrows) and 
TLR3 signaling (black arrows) pathways. Both lead to activation of interferon 
regulatory factors 3 and 7 (IRF3 and IRF7) (blue dashed arrow). RIG-I, MDAS, 
and TLR3 can sense RNAs produced during viral infection. Activation of RIG-I 
or MDAS leads to their interaction with the mitochondria-associated adapter 
protein MAVS (1). This leads to activation of the kinases [KKe and/or TBK-1 
(2), which phosphorylate and activate IRF3 and, when present, IRF7 (3). For 
clarity, MAVS activation of NF-KB is not shown. Activated IRF3 and IRF7 


translocate into and accumulate in the nucleus; both contribute to IFN-a/B gene 
transcription (4). TLR3 signals through adaptor protein TRIF to activate 
IKKe/TBK-1 (5). The cytoplasmic NiV and HeV V proteins interact with and 
inhibit MDAS, thereby inhibiting the induction of IFN-a/f expression early on in 
the pathway (a); however NiV V does not appear to inhibit TLR3 signaling. The 
nucleocytoplasmic shuttling NiV M protein (green hexagon), while it is in the 
cytoplasm, antagonizes induction of type I IFNs by blocking IKKe activation (b). 
This prevents downstream phosphorylation and nuclear translocation of IRF3, 
which also leads to a failure of IFN-a/f induction. The nuclear W protein (green 
trapezoid) effectively blocks RLR and TLR3 activation of the IFN-6 promoter by 
preventing the accumulation of phosphorylated IRF3 (c). This function requires 
the nuclear localization of W. Right: The Nipah virus N, P, V, and W proteins 
each block IFN signaling pathways at distinct steps (red arrows), ultimately 
leading to reduced expression of interferon- stimulated (antiviral) genes (ISGs). 
The P, V, and W proteins can each inhibit the phosphorylation and activation of 
STAT1 and STAT2 in response to IFN-a/B (6) and block the phosphorylation and 
activation of STAT1 in response to IFNg. The inhibition of the IFN-a/f signaling 
pathway is depicted. The cytoplasmic P and V proteins interact with and inhibit 
STAT1 (d). The V protein also interacts with STAT2, in a STAT1-dependent 
manner. P and V prevent nuclear accumulation of pSTAT1/pSTAT2 following 
IFN-a/B addition to cells and cause the STAT proteins to accumulate in a high 
molecular weight complex. The NiV and HeV N proteins (green oval) were 
recently reported to disrupt phospho-STAT1 complex formation (7), though not 
phosphorylation of STAT1 itself (e). Nonetheless, this N-mediated disruption of 
STAT complexes reduces nuclear accumulation of the activated STAT complexes 
required to stimulate ISG expression (8). The nuclear W protein relocalizes 
nonphosphorylated STAT1 from its typically cytoplasmic localization to the 
nucleus (f). STAT1 relocalized to the nucleus by W remains unphosphorylated 
and does not activate transcription of ISGs in response to IFN-a/B addition. 
(Adapted from Basler CF. Nipah and Hendra virus interactions with the innate 
immune system. Curr Top Microbiol Immunol 2012;359:123-152.) 


In the IFN signaling pathway (Fig. 13.9, right), IFN binds to the IFN-a/B receptor (IFNAR) 
on cells and initiates a signaling sequence that leads to activation of members of a family of 
proteins called signal transducers and activators of transcription (STAT).'°*+1° 
Henipaviruses inhibit IFN signaling by sequestering STAT proteins in high molecular weight 
complexes and preventing their phosphoactivation.!©°!°” The anti-IFN signaling activity is a 


property of the V protein, as has been observed for other paramyxoviruses, but also of the W 
and P proteins.*°.!©1,166.167 The P, V, and W proteins of henipaviruses have an N-terminal 
extension of 100 to 200 amino acids compared with cognate proteins in the subfamily,??~* 
and the STAT-binding domain of NiV V maps to this region.'°!'°®.!©9 The V and P proteins 
bind STAT in the cytoplasm, whereas the W protein, which is imported into the nucleus via 
specific interactions of its NLS with importin a@-3,!”° likely sequesters unactivated STAT1 in 
the nucleus.!°!!° Recently, NiV and HeV N proteins were also found to antagonize IFN 
signaling by interfering with formation of activated phospho (p)-STAT1 complexes. This NiV 
N-mediated antagonism of pSTAT1 nuclear accumulation does not rely on direct binding to 
or inhibiting phosphorylation of STAT1 itself.'’1 NiV C has also been demonstrated to 
interfere with IFN signaling.4”'’* However, its mechanism and true function remain unclear. 
Antagonizing IFN signaling is unlikely to be the main function of the C protein since 
recombinant C-deficient NiVs have an attenuated replication phenotype even in Vero 
cells,+14>-46 which are genetically deficient in IFN production. 

There is little doubt that inhibition of IFN-a/B production is one major contributor to the 
acute virulence of HeV and NiV in vivo. Daily administration of poly(I)—poly(C[12]U), a 
potent IFN inducer, results in greater than 80% survival in a lethal challenge hamster model 
for NiV infections.‘”? Most of the studies described previously were carried out in vitro using 
single-gene transfection expression systems. Understanding the true function(s) of these 
proteins requires assessing their impact in the context of a live virus infection or the 
phenotype of viruses deficient in the cognate protein(s). For example, IFN signaling 
apparently remains functional during live HeV and NiV infection of human cell lines, 
whereas IFN production was inhibited.!’* However, henipaviruses also clearly antagonize 
both IFN production and signaling in bat cells derived from Pteropus sp. that serve as their 
natural hosts.!7° 

The diverse phenotypes observed in the various animal models when challenged with 
recombinant viruses deficient in the various P-derived accessory proteins make interpretation 
difficult. The clearest phenotype comes from rNiVs engineered to be V-deficient. rNiV-AV 
are extremely attenuated in both hamster and ferret challenge models.*°°° Each model 
recapitulates the respiratory and neurological disease seen in human infections when infected 
with wt NiV, albeit in different ways and in a dose-dependent fashion.'°*!*!:!”© However, 
challenge with V-deficient rNiV under conditions where their wt counterparts effectuate 
100% mortality always results in 100% survival, and almost never results in any overt 
respiratory or neurological signs.*°°° On the other hand, C-deficient rNiVs give a variety of 
phenotypes that range from strong attenuation in the hamster model!”’ to 100% mortality in 
the ferret model, albeit with less severe histological lesions in the lung.°* Similarly, W- 
deficient rNiVs did not show significant attenuation compared to their wild-type counterparts 
in both the hamster*® and ferret models, although the disease symptomology appeared to be 
more neurologic in the latter.°°* Interestingly, an rNiV lacking both C and W still resulted in 
60% mortality with reduced respiratory disease but markedly increased neurological 


disease.°2 


Adaptive Immune Responses 


In patients with encephalitis, anti-NiV antibodies were observed more frequently in the 
serum than the CSF. Immunoglobulin M (IgM) antibodies occurred more frequently than 
immunoglobulin G (IgG) antibodies in both locations.” !*1°° The appearance of specific IgM 
antibodies in serum preceded their appearance in the CSF, a sequence consistent with viremia 
preceding central nervous system (CNS) infection. Anti-NiV antibodies were present in most 
patients with clinical NiV encephalitis; however, no difference was observed in clinical 
features, laboratory results, or mortality between seropositive and _ seronegative 
patients.1°°-!”8 Seroconversion of IgG against HeV was seen in two human cases of HeV 
infection in 2008, with one progressing to fatal encephalitis.2 From these cases, 
seroconversion in acute henipavirus disease may have diagnostic but no apparent prognostic 
value. Conversely, in the most recent NiV outbreak in Kerala involving 23 cases, careful 
monitoring of humoral and cellular immune responses in the 2 survivors revealed that there 
was a dramatic increase in activated (Ki67+) CD8+ T cells with an acute effector phenotype 
(CD38+/HLA-DR+/Granzyme B+/PD1+), suggesting that virus-specific naive T cells were 
actively proliferating in response to the virus. Interestingly, clearance of viremia coincided 
with the peak of proliferating Ki67+ CD8+ T cells and occurred before peak IgG titers.!°* 
Increases in activated CD8+ T cells in lethal (NHP)!”? and nonlethal (swine) animal models 
of NiV infection have also been observed!®°: in the latter, prevention of virus shedding 
appears correlated with such T-cell responses. However, most animal studies do not monitor 
adaptive immune responses with the requisite precision and sophistication in order to make 
definitive statements regarding the relative importance of T- or B-cell responses in protective 


immunity against acute henipavirus infections.!*! 

The high CFR associated with the acute nature of henipavirus infections already suggests 
that the virus interferes with the timely generation of effective T- or B-cell responses during 
the natural history of the disease in the majority of infected individuals. Indeed, although 
NiV replicates poorly in DCs (Table 13.3),'°°'®* in vitro NiV-infected DCs induce an 
inflammatory proapoptotic milieu (TNF-a, IL-1, IL-8) that leads not only to defective T-cell 
priming but apoptosis of cognate T cells and DCs.'®* This in vitro phenomenon, if 
recapitulated in vivo by NiV-infected DCs that traffic to lymph nodes, may account for the 
lymphoid depletion and lymphoid necrotic lesions seen in humans!°° and various relevant 
animal models.°°!8°,184 


Release from Host and Transmission 


Transmission is generally accepted to occur via the oronasal route®!°71°8 or liquid/food 


(palm sap/fruit),'°°, "°, !!' with transmissibility of HeV (horse-human or human-to- 
human)!®>!8° being much less efficient than that of NiV transmission (pig-to-human or 


human-to-human).9!>-17,108,115,117,126,187,188 Infectious NiV can be recovered from urine and 
the tracheal and nasopharyngeal secretions of infected patients in the early phase of their 
illness in the original Malaysian outbreak.2!°7!°8 Nonetheless, human-to-human 
transmission in the Malaysian outbreak was extremely rare,‘®° although it has been reported 
in the more recent outbreak in the Philippines. In contrast, person-to-person transmission in 
Bangladesh has been well documented and typically occurs during the final stages of disease 
in the index patient when not only symptoms of respiratory involvement are most prominent 
but also more frequent and closer contact with familial caretakers occurs.!*°:!87-188 


Replication in the respiratory epithelium and shedding in oronasal secretions is most 
likely responsible for virus release and transmission. Ferrets have been used to model the 
respiratory transmission of henipaviruses!!*!*4 as their respiratory symptoms (cough, serous 
nasal discharge, dyspnea) mimic the human disease.?’ Despite shedding relatively large 
amounts of virus in their oronasal secretions (4-5 log10 TCID<s,g equivalents/mL at peak 
titers), passively cohoused naive ferrets never got infected, regardless of whether the index 
ferrets were infected with HeV, NiV-MY, or NiV-BD.!!*!°4 However, following assisted or 
direct exposure to infectious oronasal fluids from the index ferrets, all the naive ferrets 
developed acute infections, regardless of virus strain used.''* Thus, the efficiency of NiV 
transmission appears low and likely requires direct and repeated oro- or nasomucosal 
exposure to infectious oronasal secretions. This is consistent with epidemiological 
investigations into the many recurrent outbreaks in Bangladesh where despite chains of 
person-to-person transmission, the estimated basic reproductive number Ry) of NiV-BD 


strains that have spilled over in Bangladesh have averaged 0.48.'°” 


Virulence 


Infection with HeV appears more severe than infection with NiV-MY and NiV-BD in the 
hamster!?®!99 and AGM model.!%! The dose-dependent disease symptomology in the 
hamster model!%®!9* makes it difficult to make generalized statements about any intrinsic 
pathogenic difference between these three genetically distinct henipaviruses. However, the 
intratracheal and intranasal AGM challenge model appears to recapitulate the clinical 
pathologies seen in human patients more robustly.?°!°? Interestingly, it is also in this model 
that NiV-BD is shown to be more pathogenic than NiV-MY,!*! which reflects the observed 
differences in pathogenicity between NiV-MY and NiV-BD. Previous studies comparing 
NiV-MY and NiV-BD in hamsters!’° and in ferrets'!* gave conflicting and confusing results. 
But more careful comparisons of fully sequenced NiV-MY and NiV-BD strains in the AGM 
model provide support that NiV-BD is more pathogenic than NiV-MY,!"! consistent with the 
higher mortality rates associated with NiV-BD (see Table 13.1C). Under identical 
experimental conditions, not only is NiV-BD shown to be more pathogenic in terms of viral 
load in the lungs, spleen, and blood, but also the therapeutic window for postexposure 
prophylaxis using human monoclonal antibody (m102.4) is significantly shorter in NiV-BD-— 
infected AGMs.!9! m102.4 is a potent neutralizing mAb previously shown to rescue NiV- 


MY- and HeV-infected AGMs even when administered up to 7 days postinfection.!97-!% 


CedV lacks the editing site in the P gene and does not make the V protein,~° a potent type 
I IFN antagonist required for henipavirus virulence in vivo.*? Not surprisingly, CedV, which 
is naturally V-deficient, also does not induce any overt disease in ferrets and guinea pigs.7® 
Reactive hyperplasia of oropharyngeal lymphoid tissues and detection of viral RNA in select 
bronchial associated lymphoid tissue (BALT) accompanied by increasing neutralizing Ab 
titers suggests that CedV likely replicates transiently in the upper and lower respiratory tracts 
of the challenged animals.*° While recent evidence suggests that the CedV P protein itself is 
also a less efficient antagonizer of IFN-a signaling compared to HeV P,!%° whether CedV is 
truly nonpathogenic in humans or horses remains to be seen. Given the fact that CedV does 
not appear to use ephrin-B3 as receptor, one might also predict CedV to be less 
encephalopathic even in more susceptible animals. 


Persistence 


A small percentage of NiV-infected patients (3%—7%) experience late-onset or relapse 
encephalitis months to years after the initial NiV infection; the former describes patients with 
initially mild or asymptomatic NiV infections, while the latter are survivors of acute NiV 
encephalitis.'°%!49.19197 One case of fatal late-onset HeV encephalitis has also been 
reported.*:!“° These cases suggest that NiV and HeV can persist in sanctuary sites like the 
brain especially since virus has never been isolated from oronasal secretions of relapsed 
encephalitis cases?!07-126.196, 197° 198 (see Clinical Features section for details). There is one 
report of NiV RNA being detected in the semen of an NiV survivor 4 weeks POI, but this 
was gone 2 weeks later. Longitudinal studies on two HeV survivors show no evidence of 
viral shedding by RT-gPCR, up to 6 years postsymptom onset.!°* It is unlikely that NiV and 
HeV in humans can persist in infectious forms. Thus, relapse henipavirus encephalitis might 
resemble measles virus—associated subacute sclerosing panencephalitis, which can occur 
years after recovery from measles virus infection.!9%2° 


EPIDEMIOLOGY 


Age 

The age of patients with encephalitis in the Malaysian outbreak ranged from 9 to 76 years, 
with almost 50% of cases occurring in those 40 to 44 years.!0%19°159,178,201 The male-to- 
female ratio was approximately 3:1, and more than 80% of the patients were Chinese, with 
statistics reflecting the increased risk to those working with infected pigs.!°%°' In 
Bangladesh, the age of patients ranged from 4 to 60 years, and males constituted 47% and 


67% of the cases in the 2001 and 2003 outbreaks, respectively.'**°* The outbreak in early 
2011 in Bangladesh claimed at least 35 lives, including many children and infants, with ages 


ranging from 2 to 56 years.'*”*9? Among the 18 suspected patients in the 2014 outbreak in 
the Philippines, the age distribution is between 21 and 60 years old.'® In the most recent NiV 
outbreak in Kerala, India, the age distribution ranged from a 17-year-old male to a 75-year- 
old female among a total of 23 human cases.!” 


Morbidity and Mortality 


In Malaysia, between September 1998 and June 1999, 256 patients who developed acute NiV 
encephalitis were admitted to Malaysian hospitals, and 105 died, a mortality rate of 
approximately 40%.°7°! The rate of subclinical infection in households and farms where 


cases of NiV encephalitis occurred was calculated to be 8% and 11%, respectively.!%°7°! In 
Singapore, where 11 patients were confirmed to have acute NiV encephalitis, a further 2 
asymptomatic abattoir workers were serologically positive, representing a rate of subclinical 
infection of 15%.?°4 Subsequently, 89 individuals were identified on the basis of positive 
serology as having experienced either an asymptomatic or mildly symptomatic NiV 
infection.'*? This increases the number of people infected with NiV to 345 and decreases the 
mortality rate to approximately 30%.!°’ In Bangladesh, 98 of 135 patients died in 8 outbreaks 


from 2001 to 2008, giving a combined case fatality rate of 73%.!!7-1°8.29? In the Philippines 
outbreak, the case mortality is 53% out of all the suspected cases or 81% for those with 
encephalitic clinical signs.!® The case mortality is 94% for the 2018 Kerala outbreak in 
India.'’ There have only been seven known human cases of HeV infection in Australia in the 
past 16 years, four of which have been fatal (three acute and one case of relapsed 
encephalitis).*® 


Origin and Spread of Epidemics 


Fruit bats (flying foxes) in the genus Pteropus, family Pteropodidae, and suborder 
Megachiroptera are main reservoir hosts of HeV and NiV.°®!-892°5 Tn Australia, HeV has 
been shown to occur in all four flying fox species, with the crude seroprevalence of 47%, 
indicating an endemic pattern of infection throughout Australia.°! Serologic tests show that 
NiV or NiV-related virus is widely dispersed in bats from Indonesia to the west border of 
Africa (Fig. 13.10). NiV was first isolated from the urine of island flying foxes and from the 
saliva on partially eaten fruit!’ and has since been isolated from Lyle's flying foxes (Pteropus 
lylei) in Cambodia®? and Pteropus medius in Bangladesh.*°° The Indian flying fox (Pteropus 
giganteus) is the main pteropid species throughout Bangladesh and the Indian subcontinent 
with a high seroprevalence of henipavirus-specific antibody.!41187297 Additional serologic 
and limited nucleic acid evidence has suggested that related henipaviruses are circulating in 
other regions, including Thailand, Indonesia, Vietnam, China, Madagascar, and several 
countries and regions in Africa (Fig. 13.10 and Table 13.4). 


[-] Countries with outbreaks —— Bats of the Pteropodidae family 
Countries with live virus isolated Bats of the Pteropus genus 
[) Countries with molecular evidence 

[) Countries with serological evidence 


FIGURE 13.10 Distribution of frugivorous bats belonging to various genera in 
the Pteropodidae family where evidence of henipavirus presence have been 
detected. The presence of henipavirus is graded into four levels with known 
outbreak (yellow), virus isolation (blue), molecular detection (brown), and 
antibody detection (green). 


TABLE 13.4 Detection of nipah or nipah-related virus infection in bats 


(geographic surveillance studies) 


Suborder: Yinpterochiroptera 


Cynopterus brachyotis Malaysia 205 
Cynopterus sphinx Vietnam 292 
Eidolon dupreanum Madagascar 324 
Eidolon helvum Ghana, Zambia, Malawi, Tanzania, Ghana, Gabon, Democratic 19,29 222,296,325 
Uganda, Rio Muni, Bioko, Principe, | Republic of the Congo, Central 
Sado Tomé, Annobén, Cameroon African Republic 
Eonycteris spelaea Malaysia 205 
Epomophorus gambianus Ghana Democratic Republic of the Congo, 29,296 
Gabon, Republic of the Congo 
Hipposideros armiger China 287 
Hipposideros larvatus Thailand Thailand 286 
Hipposideros pomona China 287 
Hypsignathus monstrosus Ghana Republic of the Congo, Central 29,296 
African Republic, 
Myonycteris torquata Democratic Republic of the Congo, 29 
Gabon, Republic of the Congo 
Rhinolophus affinis China 287 
Rhinolophus sinicus China 287 
Rousettus leschenaulti China, Vietnam 287,292 
Rousettus aegyptiacus Gabon 29 
Pteropus giganteus Bangladesh, India 207 
Pteropus hypomelanus Malaysia, Thailand Thailand Malaysia 205,221,326 
Pteropus lylei Cambodia, Thailand Thailand Cambodia 89,290,327 
Pteropus medius Bangladesh, India Bangladesh 206,328,329 
Pteropus rufus Madagascar 324 
| Pteropus vampyrus Malaysia, Thailand 205,286 
Suborder: Yangochiroptera 
Carollia perspicillata Costa Rica 29 
Miniopterus spp. China 287 
Myotis daubentonii China 287 
Myotis ricketti China 287 
" Pteronotus parnellii Costa Rica 29 
Scotophilus kuhlii Malaysia 205 


Neither HeV nor NiV appear to cause clinical disease in naturally infected bats. 


91,202,205,208 


Experimental infection with doses of HeV that are lethal in horses generates sporadic 
vasculitis in the lung, spleen, meninges, kidney, and gastrointestinal tract and, even then, only 


in a proportion of infected bats.!°° Viral antigen is detected in the tunica media rather than 
endothelial cells, a fact that may spare these bats from the clinical effects associated with 


vasculitis.*°° In infected pregnant fruit bats, antigen was observed in similar locations and in 
the placenta.*!° The mode of transmission between fruit bats is unknown. Transplacental 


transmission has also been observed experimentally without apparent harm to the fetus.7!° 
Experimental infection of fruit bats with NiV produced a subclinical infection with a 
transient presence of virus within selected viscera along with periodic viral excretion in bat 


urine and seroconversion with neutralizing antibody present.! 
The spillover and epidemic hosts of HeV and NiV were horses in Australia and the 
Philippines and pigs in Malaysia. All human infections with HeV in Australia and NiV in 


Malaysia have only occurred through transmission from these domestic animal hosts.?7°! No 
evidence exists of direct transmission from pteropid bats to humans in Australia or Malaysia, 


despite many opportunities in Australia for transmission to bat carers.‘°°7" In contrast, fruit 
bats apparently play a direct role in the transmission of NiV to humans in the many recent 
outbreaks of disease in Bangladesh, where epidemiologic evidence in support of a role for an 


intermediate host was lacking.'+*°* Three pathways of NiV transmission from bats to people 


have been identified based on epidemiologic investigations in Bangladesh.'!” Consumption 
of fresh date palm sap appears to be the predominant risk factor, and infrared camera studies 
have confirmed that P. giganteus bats frequently visit date palm sap trees and consume sap 


during collection.*!* In the 2005 NiV outbreak in Tangail District, Bangladesh, drinking raw 
date palm sap was the only activity significantly associated with illness (64% among cases 


vs. 18% among controls).'!? Another route of transmission for NiV from bats to people in 
Bangladesh could be via domestic animals. Contact with a sick cow in Meherpur, 


Bangladesh, in 2001 was strongly associated with NiV infection,'* and contact with pigs and 


diseased goats has also been implicated in other occurrences of NiV in Bangladesh.!!” 
Although NiV has never been isolated in domestic livestock animals, serological evidence 
was reported for antibodies to NiV or NiV-related viruses in cattle, goats, and pigs in 


Bangladesh.*!° Transmission via direct contact with NiV-infected bat secretions also appears 
possible from evidence in the Goalando outbreak in 2004, where individuals who climbed 


trees were more likely to develop NiV infection than controls.*!4 
The mode of transmission from bats to spillover hosts in Australia and Malaysia remains 
to be determined. Three principal hypotheses exist. One is that masticated pellets of virus- 


contaminated, residual fruit pulp spat out by flying foxes are ingested by horses or pigs.?°° 
The second is that urine from infected animals contaminates pastures or pigsties. The third is 
that infected fetal tissues or fluids contaminate pastures or sties and are ingested. The latter is 
based largely on the fact that the HeV outbreaks have occurred during the birthing period of 
some species of flying fox and is supported by the isolation of virus from a pregnant flying 
fox and its fetus.° 


HeV has been transmitted from horse to man on seven occasions from 1994 to 2009, 
twice during the initial outbreak in Brisbane,!* twice during necropsy of horses that died in 
the field,'* twice during either daily nasal cavity lavage or participating in a necropsy,® and 


once from performing an endoscopy on an infected horse.®:*!° HeV is rarely found in the 
bronchi or bronchioles of infected horses, which suggests that aerosol transmission to either 


man or horses is less likely*!© and horse-to-horse transmission of HeV has not been 


demonstrated.!°° The presence of HeV in equine saliva, however, suggests that close contact 
with infected horses, such as might occur during manual feeding of the animals, may 


facilitate horse-to-human transmission.! The presence of virus in a wide range of tissues and 
in the nasal discharge commonly found at the terminal stage of infection offers a range of 
sources for virus transmission during necropsy.~*!’ As shown in Figure 13.7, high level of 
viral antigen can be detected in the nasal cavity of HeV-infected horses. 


In the Malaysian NiV outbreak, contact with pigs or fresh pig products was required for 
transmission of the virus to humans, with greater likelihood of transfer to those in direct 
contact with sick or dying pigs on farms or in abattoirs.2?°'! The presence of NiV in the 
respiratory epithelium of naturally and experimentally infected pigs (Fig. 13.7) indicated that 
virus probably spread to humans and within the pig population by aerosol or by direct contact 
with oropharyngeal or nasal secretions.!°!*!!59 The presence of the virus in a wide range of 
organs indicates that humans may also have been infected during processes such as 
slaughtering or farrowing. In Bangladesh, pigs were excluded as potential sources of NiV on 
epidemiological grounds, and human-to-human transmission was observed.!2°!° The virus 
may have been transmitted to human index cases directly through contact with fruit bat 
secretions in contaminated fruit or date palm sap before circulation in the human population 
(Fig. 13.6).1°-14-1!7,202 Nosocomial transmission has been detected in some of the Bangladesh 
and India outbreaks.!°-!!”7!8 In the Philippine NiV outbreak, of the 17 case patients, a total 
of 7 (41%) had participated in horse slaughtering and horse meat consumption; 3 (18%) had 
only consumed horse meat but had no history of slaughtering or meat preparation; and 5 
(29%) case patients had been exposed to other human case patients but not to any horses. So 
it is possible that both horse-to-human and human-to-human transmission might have 
occurred (Fig. 13.6).!° For the Kerala NiV outbreak, while it remains undefined how the 
index case was exposed to NiV, it was evident that human-to-human transmission was the 
main driver for the spread of the virus in both family/community and hospital settings (Fig. 
13.6).!7 


Genetic Diversity 


Genome sequencing revealed that HeV isolated from equine and human sources during the 
outbreak in Brisbane appears identical and differs little from HeV isolated from flying foxes 
2 years later.*° Sequencing of five additional horse isolates from five different locations from 
the 2006 to 2008 HeV occurrences has also demonstrated a very high genetic similarity.*!9 
Similar observations were made in Malaysia, where it was demonstrated that NiV isolated 
from pigs at the height of the outbreak and at its geographic focus was essentially identical to 


human isolates made at that time and isolates obtained from flying foxes several years 
later te aaiean 


In Bangladesh, four human isolates obtained in 2004 demonstrate significant genetic 
heterogeneity, which might suggest multiple spillovers of NiV from flying foxes into the 
human population.*° The NiV sequences detected from human patients in India from 2001 to 
2018 were more related to NiV from Bangladesh than NiV from Malaysia.!!”7!° A recently 
whole genome sequencing study of 10 NiV isolates obtained from bats in 2013 in 


Bangladesh at two different geographic locations revealed that the isolated viruses were very 
similar in sequences. This suggests that multiple strains were not cocirculating in the bat 
population at the time.*°° Furthermore, none of the bat NiV isolate sequences was identical 
with any previously detected human NiV isolate sequences, suggesting that NiV spillover 
into humans is a rare event and more intensive surveillance is required to appreciate the full 
genetic diversity of NiV in bats in an area with frequent spillover events into human 
populations.*°° NiV isolated from the flying fox Pteropus lylei in Cambodia®’ represents an 
evolutionary lineage that is separated from the Malaysia or Bangladesh/India cluster. Partial 
N gene sequences detected in Pteropus lylei in Thailand indicate the circulation of at least 
two lineages of NiV—one related to the Bangladesh NiV and the other more related to the 
Malaysian NiV.'!° On the other hand, NiV sequences detected in Pteropus hypomelanus in 
Southern Thailand are clearly more related to the Malaysian NiV.**! As the RNA-dependent 
RNA polymerase (RdRP), designated as the L protein, is the most highly conserved protein 
for paramyxoviruses, it has been used as a more reliable indicator of evolutionary 
relationship among different paramyxoviruses. Figure 13.11 shows an L-based phylogenetic 
tree of henipavirus species and strains, selected to represent major species origin, geographic 
location, and time of isolation. Prototype species from other genera in the family 
Paramyxoviridae are also shown for context and comparison. 


NiV/BD/Human/201 0/Faridpur(JN808864) 
NiV/BD/Bat/2013/syihet-47(MK575070) 
NiV/BD/Bat/2013/Raypur-31(MK575060) 
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NiV/BD/Human/2008/Rajban(JN808863) 
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FIGURE 13.11 Phylogenetic tree based on RdRP proteins of selected 
henipaviruses and prototype species of the other genera in the family 
Paramyxoviridae. Tree was constructed by using neighbor-joining approach with 
1,000 bootstrap replicates. Numbers at the nodes represent bootstrap values. 
Scale bar indicates amino acid substitutions per site. Sequences are labeled with 
the following ordination when all relative information is available for any given 
genome sequence: Virus/Country/Host/Year/Strain (GenBank accession number). 
For example, NiV/BD/Human/2010/Faridpur(JN808864) represents a Nipah 
virus isolated in Bangladesh from humans in 2010 with Faridpur as its isolate 
name and JN808864 as its GenBank accession number. 


The presence of henipavirus-reactive (but not neutralizing) antibodies and viral RNA in bats 
from other regions of the world (Fig. 13.10 and Table 13.4) indicates that a much greater 


genetic diversity of henipaviruses exists in different bat populations.*977*77° These divergent 


but yet to be characterized henipaviruses likely have different transmissibility, pathogenicity, 
and receptor usage patterns, as has already been shown for CedV,7®°?-!9° GhvV,°:224229 and 
MojV.°° The latter is an outlier in many ways*!°®®° and is currently the only henipavirus 
identified in rodents rather than bats.°° 


CLINICAL FEATURES 


Incubation Period 


Based on the time interval between the last exposure to pigs and onset of disease, the 
incubation period for NiV ranged from 2 to 45 days; however, for 90% of patients, it was 2 
weeks or less.!0%15°:!78 An estimate of 2 to 3 weeks was made based on the time interval 
between importation of pigs from NiV-affected areas of Malaysia and development of human 
disease at a Singaporean abattoir.2°* A mean incubation period of 9.4 days was calculated for 
four patients who had a fixed period of exposure.!”® The NiV outbreak in Kerala, India, 
2018, revealed a median incubation period was 9.5 days among 23 cases, 22 of which were 
nosocomial.!” In the occurrence of HeV in Australia in 2008, a detailed examination of 
exposure histories from two infected patients (one fatal) suggested a likely incubation period 
of 9 to 16 days, with exposure occurring some 3 days before the onset of symptoms of HeV 
infection in the horse.® 


Acute Clinical Features 


The first two patients infected with HeV presented with fever, myalgia, headaches, lethargy, 
and vertigo. One patient recovered; however, the other developed pneumonitis, respiratory 
failure, renal failure, and arterial thrombosis and died of cardiac arrest 7 days after admission 
to the hospital. Findings at autopsy were consistent with a viral infection; both lungs were 
congested, hemorrhagic, and filled with serous fluid, and the histology revealed focal 
necrotizing alveolitis with many giant cells, some syncytial formation, and viral inclusions.! 
Although the predominant clinical features of NiV encephalitis derived from CNS 
involvement in the initial Malaysian outbreak, a proportion (40%) of patients displayed 
pulmonary involvement, which presented as an atypical pneumonia with fever, cough, and 
headache.!*:108136.178 Th the Kerala, India, NiV outbreak, 19 cases (83%) presented with 
acute respiratory distress syndrome (ARDS) and shortness of breath, and 20 cases (87%) had 
respiratory symptoms.!’ The clinical presentation of NiV infections in Bangladesh also 
shows severe respiratory disease involvement.**° A chest x-ray of an acute NiV-infected 
human case showing diffuse bilateral opacities of the lung fields consistent with ARDS (Fig. 
13.12A) and a similar presentation were reported in the first fatal human HeV case.! Chest x- 
ray images of NiV- and HeV-infected AGMs have also demonstrated severe respiratory 
disease (Fig. 13.12B). Case definitions for suspected NiV infection in Bangladesh*° and 


India!” generally included individuals residing in an outbreak area who presented with 


fever, headache, vomiting, or altered mental status or with history of cough or shortness of 
breath and fever. 
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FIGURE 13.12 Chest radiographs of a Nipah virus (NiV)—infected patient and 
Nipah virus (NiV)— and Hendra virus (HeV)—infected African green monkeys. 
A: Chest x-ray of patient infected with Nipah virus (Nipah-Bangladesh clade) 
from Kerala, India, 2018, at 6 days following onset of symptoms showing diffuse 
bilateral opacities covering the majority of the lung fields, consistent with acute 
respiratory distress syndrome (ARDS). B:Top, comparison of prechallenge to 
Nipah virus (Nipah-Malaysia clade)—infected African green monkey at 11 days 
postchallenge showing congestion and pneumonia with infiltrates on the lung 
fields. Bottom, comparison of prechallenge to Hendra virus-infected African 
green monkey at 8 days postchallenge showing diffuse interstitial infiltrates and 
pulmonary consolidation and severe respiratory distress. (Panel A: Courtesy of 
Prof. Govindakarnavar Arunkumar, Manipal Centre for Virus Research, Manipal 
Academy of Higher Education (deemed to be University), Karnataka State, 


India, and Dr. Suresh Kumar E.K., Malabar Institute of Medical Sciences, Kerala 
State, India. Panel B, top: From Geisbert TW, Daddario-DiCaprio KM, Hickey 
AC, et al. Development of an acute and highly pathogenic nonhuman primate 
model of Nipah virus infection. PLoS One 2010;5(5):e10690; bottom: From 
Rockx B, Bossart KN, Feldmann F, et al. A novel model of lethal Hendra virus 


infection in African green monkeys and the effectiveness of ribavirin treatment. J 
Virol 2010;84(19):9831—9839, reproduced with permission. ) 


With NiV in Malaysia, most patients presented with acute encephalitis characterized by fever, 
headache, drowsiness, dizziness, myalgia, and vomiting, and more than 50% had a reduced 
level of consciousness.” !7:!0%!78 The major clinical signs included drowsiness, areflexia, 
segmental myoclonus, tachycardia, hypertension, pinpoint pupils, and an abnormal doll's eye 
reflex. Such clinical features as these suggested involvement of the brainstem and upper 
cervical spinal cord and were observed more frequently in patients with a reduced level of 
consciousness./°® In Kerala, India, 2018, NiV-infected patients presented with altered 
sensorium (74%), along with myalgia, headache, vomiting, and seizures.'’ Patients in the 
NiV-Malaysian outbreak who retained normal levels of consciousness throughout their illness 
recovered fully; however, only 15% with reduced levels of consciousness survived. Figure 
13.13 shows magnetic resonance imaging (MRI) images of human cases of acute NiV 
encephalitis. Such neurological manifestations are consistent with vasculitis-induced 
thrombosis in the brain and the direct infection of neurons.” !!!*:!°° The multiple discrete 
lesions 1 to 5 mm in diameter in the cerebral white matter detected by MRI may be the site of 
such microinfarctions and are distinct from lesions caused by other viruses.?:!2-!40-19.228 A 
third case of HeV infection presented first with meningitis and a 12-day history of sore 
throat, headache, drowsiness, vomiting, and neck stiffness. After an apparent full recovery, 
this patient developed fatal encephalitis 13 months later and was admitted to the hospital with 
a generalized tonic-clonic seizure after 2 weeks of irritable mood and low-back pain. 
Recurrent focal motor seizures occurred over the next 7 days, as did secondarily generalized 
seizures and low-grade fever, followed by dense right hemiplegia, signs of brainstem 
involvement, and depressed consciousness requiring intubation. The patient remained 
comatose and died 25 days after admission.* Two patients in 2008° presented with initial 
influenza-like illness, although soon after apparent clinical improvement and an absence of 
fever, encephalitis developed in both. MRI revealed widespread cortical, subcortical, and 
deep white matter involvement, similar to the previous late-onset case of HeV encephalitis? 
and to NiV encephalitis cases (Fig. 13.13B).10%19%229 
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FIGURE 13.13 Magnetic resonance imaging scans of patients with Nipah virus 
(NiV) or Hendra virus (HeV) encephalitis. A:Left, patient with NiV encephalitis 
(Nipah-Bangladesh clade) from Kerala, India, 2018, at 6 days following onset of 
symptoms showing cortical and subcortical hyperintense foci (arrow heads). 
Middle, patient with acute NiV encephalitis (Nipah-Malaysia clade) from 
Malaysia, 1999, showing multiple discrete hyperintense lesions in the gray and 
white matter. Right, patient with relapsed NiV encephalitis from Malaysia, 1999, 
showing confluent lesions involving primarily the cortical gray matter. B:Left, 
acute HeV encephalitis in a patient on day 18 of illness, showing cortical and 
subcortical hyperintense foci. Right, relapsed HeV encephalitis in a patient on 
day 14 following symptoms onset showing widespread multifocal neocortical 
involvement. (Panel A, left (India): Courtesy of Prof. Govindakarnavar 
Arunkumar, Manipal Centre for Virus Research, Manipal Academy of Higher 


Education (deemed to be University), Karnataka State, India, and Dr. Suresh 
Kumar. E.K, Malabar Institute of Medical Sciences, Kerala State, India. A, 
middle and right (Malaysia): From Goh KJ, Tan CT, Chew NK, et al. Clinical 
features of Nipah virus encephalitis among pig farmers in Malaysia. N Engl J 
Med 2000;342(17):1229-1235. Copyright © 2000 Massachusetts Medical 
Society. Reprinted with permission from Massachusetts Medical Society. B, left: 
From Playford EG, McCall B, Smith G, et al. Human Hendra virus encephalitis 
associated with equine outbreak, Australia, 2008. Emerg Infect Dis 
2010;16(2):219-223. B, right: From O'Sullivan JD, Allworth AM, Paterson DL, 
et al. Fatal encephalitis due to novel paramyxovirus transmitted from horses. 
Lancet 1997;349(9045):93-—95, reproduced with permission. ) 


Outcome of Infection 


Most patients who survived acute NiV encephalitis in Malaysia made a full recovery; 
however, approximately 20% had residual neurologic deficits.!°8!787° Neurologic sequelae 
included cognitive difficulties, tetraparesis, cerebellar signs, nerve palsies, and clinical 
depression. A few patients remained in a vegetative state. In patients with encephalitis who 
recovered, most brain lesions revealed by MRI disappeared or became smaller over a period 
of 12 to 18 months, although some remained unchanged.*°" Approximately 7.5% of patients 
who recovered from acute encephalitis and 3.4% of those who experienced nonencephalitic 
or asymptomatic infection developed late neurologic disease (Fig. 13.13).!0%1!49,19°.197 
Relapse encephalitis and late-onset encephalitis presented several months to 4 years after the 
initial infection, with the longest reported case 11 years after an initial acute infection.**! 
Relapsed cases had elevated IgG, but not IgM, and no vasculitis, and unlike the situation in 
acute encephalitis, virus was not isolated from throat and nasal secretions.? 10712619, 197, 198 


The clinical features associated with relapse and late-onset encephalitis resembled those 
found with acute NiV encephalitis, although decreased incidence was seen of fever, coma, 
segmental myoclonus, and meningism and an increased occurrence of seizures and focal 
cortical signs compared with the acute manifestation of the disease.'*? The clinical, 
radiologic, and pathological features of relapse NiV encephalitis resembled those of the 
patient who became infected with HeV; suffered mild, transient aseptic meningitis; and 
recovered but died of a fatal meningoencephalitis 13 months later.*!4° Most patients with 
relapse and late-onset encephalitis had only one neurologic episode, although some patients 
experienced two episodes separated by a mean of 7.6 months (6 weeks—1 year).!*? The 
mortality rate associated with relapse and late-onset encephalitis at 18% was lower than that 
associated with acute encephalitis, at 30% to 40%. However, 61% of patients with relapse 
and late onset had further neurologic sequelae compared with 22% after acute encephalitis. 
Among NiV survivors in Bangladesh, some 30% have moderate to severe persistent 


neurologic dysfunction for years following acute infection.!%° 


The demographics, clinical features, serology, and MRI of patients with relapsed and 
late-onset encephalitis were similar, suggesting that the two diseases have identical 
pathogenesis!9 and that the initial infection in late-onset encephalitis patients may not have 
been sufficiently severe to cause neurologic symptoms. MRI abnormalities similar to those 
observed in patients with acute encephalitis were also seen in 16% of asymptomatic patients, 
although the lesions were fewer in number.**’ The involvement of the cortex in relapse and 
late-onset encephalitis suggests a different pathologic mechanism compared with acute 
encephalitis. Relapse and late-onset encephalitis are considered to be caused by the 
recrudescence and rapid replication of virus that had persisted following acute or 
asymptomatic NiV infection.!*? NiV, however, was not isolated from CSF and brain tissue of 
patients with relapse and late-onset encephalitis.!*° 


The generalized understanding of the infection process along with the clinical features of 
human NiV and HeV infection is diagrammed in Figure 13.14. Transmission is likely via the 
oronasal route as described above (Pathogenesis section). The initial site of replication in 
humans is likely within the respiratory system, and disease onset is characterized by fever, 
myalgia, shortness of breath, and cough, which may progress to ARDS. Possible invasion 
into the CNS via the olfactory bulb has been demonstrated in nonprimate animal 
models.!?*:!29-!41 Virus replication and hematogenous systemic spread occurs (cell-free or 
cell-associated viremia), and established infection is characterized by a widespread vasculitis 
with endothelial and smooth muscle cell tropism resulting in multinucleated syncytial 
cells.!°° CNS infection and encephalitis results in altered sensorium, headache, vomiting, and 
seizures along with fever and other systemic symptoms. Infection of other organs in addition 
to the lung and brain in human cases occurs and has been reported in the kidney, heart, 
spleen, and lymphoid tissues,‘°° and similar widespread infection has been demonstrated in 
multiple animal models.!*! 
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FIGURE 13.14 Generalized understanding of infection and clinical features of 
human Nipah virus (NiV) and Hendra virus (HeV) infection. A: Transmission is 
generally accepted to occur via the oronasal route presumably by virus- 
contaminated respiratory secretions or droplets from infected animals or people 
or liquid/food (palm sap/fruit). B: The initial site of replication in humans is ill- 
defined but is thought to occur within the respiratory system, and disease onset is 
characterized by fever, myalgia, shortness of breath, and cough, which may 
progress to an acute respiratory distress syndrome (ARDS). C: Possible invasion 
into the central nervous system (CNS) via the olfactory bulb has also been 
suggested and has been demonstrated in animal models. D: Virus replication and 
hematogenous systemic spread occurs (cell-free or cell-associated viremia), and 
established infection is characterized by a widespread vasculitis with endothelial 


and smooth muscle cell tropism resulting in multinucleated syncytial cells. E: 
CNS infection and encephalitis results in altered sensorium, headache, vomiting, 
and seizures along with fever and other systemic symptoms. F: Infection of other 
organs in addition to lung and brain in human cases occurs and has been reported 
in kidney, heart, spleen, and lymphoid tissues, and similar widespread infection 
has been demonstrated in multiple animal models. 


DIAGNOSIS 


Virus isolation, EM, immuno-EM, immunohistochemistry (IHC), serology, and polymerase 
chain reaction (PCR) played key roles in the initial discovery of HeV* and NiV.!! They 
remain essential elements in the repertoire of procedures for the rapid and specific diagnosis 
of henipavirus infections in humans and animals. 


During investigation of a suspected disease outbreak, attempts to grow henipaviruses 
may be initiated in a BSL3 laboratory. However, if a cytopathic effect (CPE) is observed and 
the growth of henipavirus is confirmed by PCR or immunostaining, infected cultures need to 
be handled under BSL4 conditions and subsequent work with live virus restricted to BSL4. 
Both HeV and NiV replicate in various cell lines—a feature that contributed to the efficiency 
with which they were isolated during the initial disease outbreak investigations.*!! Vero cells 
are commonly used, generating titers of virus as high as 10° infectious virions per 
milliliter.'°**°* In fatal cases, attempts should be made to isolate virus from the brain, lung, 
kidney, and spleen.*** For tissue specimens containing a high virus load, direct examination 
by immuno-EM and JHC can be very useful in providing early diagnosis. Various antibody 
reagents have been developed for this purpose, including polyclonal antisera, monospecific 
antibodies raised against recombinant antigens,*? and monoclonal antibodies (mAb) raised 
against whole virions or vaccinia virus—expressed viral proteins.*?°, 72+, *°°, *°° Using HeV- 
or NiV-specific mAb, it is possible to differentiate between the two viruses.*?>77° 
Quantitative real-time PCR (TaqMan assay) has been the method of choice to detect viral 
materials in infected tissues because of its speed, specificity, and sensitivity. The first- 
generation henipavirus TaqMan assays are either HeV specific**” or NiV specific.**° Since 
then, several consensus henipavirus real-time PCR assays have been developed that target 
different conserved regions of the viral genome.*? It should be cautioned that the current 
PCR tests may not work with new henipaviruses yet to be discovered, especially those from 
African bats, owing to expected greater genetic divergence than those detected in Australia 
and Asia. 


For henipaviruses, serologic tests are important both during outbreak investigation and 
for disease surveillance. The virus neutralization test (VNT) is accepted as the reference 


standard.*°2 Few laboratories, however, can conduct neutralization tests because of the 


requirement to handle live virus at BSL4. For surveillance and diagnostic purposes, three 
types of tests that do not require BSL4 containment have been developed: 


1. Enzyme-linked immunosorbent assay (ELISA): Several ELISA-based tests have been 
reported for the detection of henipavirus antibodies.*?***-**! For diagnosis of human 
infections, two different ELISA tests have been applied: an IgM capture ELISA for 
early diagnosis of infection and an indirect ELISA for detection of IgG antibodies.*°? 


2. Liquid protein array multiplex test: A Luminex-based test based on recombinant 
soluble G proteins of HeV and NiV was developed that is capable of mimicking VNT 
with great sensitivity and differentiating between antibody responses of HeV and NiV 
infection.**+ 

3. Pseudotype virus: Different pseudotype systems carrying the henipavirus F and G 
proteins have been developed as a surrogate VNT for detecting henipavirus-specific 
antibodies.!®.2*°, *44, 245 Incorporation of reporter genes in these systems resulted in 
greater sensitivity and reproducibility. 


PREVENTION AND CONTROL 


Drugs and Small Molecules 


Ribavirin, which inhibits replication of HeV in vitro,*4° was used during the NiV outbreak in 
Malaysia in an open-label study in which 140 patients with encephalitis were given the drug 
and 54 patients who presented before ribavirin became available or who refused treatment 
acted as controls.**” Mortality in the treated group was 32% compared with 54% in the 
control group, representing a 35% reduction (P = 0.011). Duration of ventilation and that of 
total hospital stay were both significantly shorter in the ribavirin group (P = 0.0002 and P < 
0.0001, respectively). In the absence of other therapies, ribavirin may be an option for 
treatment of henipavirus infections. However, two HeV-infected patients in 2008° were given 
a high-dose intravenous regimen of ribavirin, although basal concentrations appeared 
inadequate given the results of in vitro susceptibility testing of HeV, and the efficacy of 
ribavirin as therapy or prophylaxis in people remains at best uncertain. Chloroquine, an 
antimalarial drug, was first demonstrated to block the critical proteolytic processing needed 
for HeV F maturation and function.**° Not surprisingly, the drug was later shown to inhibit 
NiV and HevV infection in cell culture experiments.**? Chloroquine was administered along 
with ribavirin to one HeV-infected individual in 2009*°° with no apparent clinical benefit. 
Remdesivir (GS-5734) is a nucleotide analog prodrug that showed therapeutic efficacy in a 
NHP model of Ebola virus infection.*°'! GS-5734 has been administered under compassionate 
use to Ebola virus—infected patients and is currently in phase II clinical development for 
treatment of Ebola virus disease. The antiviral activities of GS-5734 have been demonstrated 
to be broad showing in vitro activity against viruses in the Coronaviridae, Filoviridae, and 
Paramyxoviridae including NiV and HeV.?°* 


In vivo, ribavirin only delayed but did not prevent deaths caused by NiV and had no 
effect on HeV infection in a hamster model.'’**°° Ribavirin treatment also only delayed 
disease onset by 1 to 2 days in AGMs challenged with HeV with no significant benefit for 
disease progression or outcome.!°? Chloroquine administration, either alone or in 
combination with ribavirin, had no therapeutic benefit in ferrets challenged with NiV or 
hamsters challenged with either NiV or HeV.2°?7°* Poly(I)—poly(C12U), which induces IFN- 
a and IFN-f production and can completely block NiV replication in vitro, displayed 
approximately 80% protective efficacy in the hamster model of lethal NiV infection.!”? 


Peptide Fusion Inhibitors 


The first potential henipavirus-specific therapeutic was shown to be a heptad peptide—based 
fusion inhibitor,?° analogous to HIV-1-specific peptide, enfuvirtide (Fuzeon) approved by the 
Food and Drug Administration (FDA) in March 2003. The henipavirus F, glycoprotein 


resembles other fusion glycoproteins in having a-helical heptad repeat (HR) domains 
proximal to both the fusion peptide at the amino (N) terminus and the transmembrane domain 
near the carboxy (C) terminus of the protein. The HR domains are involved in the formation 
of a trimer-of-hairpins structure during the membrane fusion and virus infection process. 
Addition of exogenous peptide from either HR domain blocks formation of the trimer-of- 
hairpins and abrogates membrane fusion and virus infection.9+9>*°° These observations were 
followed up with testing cholesterol tagged HR-derived peptides in the hamster model of 
NiV infection providing the first evidence of in vivo effectiveness of a fusion inhibiting 
peptide against NiV.°° 


Vaccines 


A wide variety of immunization strategies have been developed for NiV and HeV prevention 
and include live-recombinant virus platforms, protein subunit, virus-like particles, and DNA 
vaccines; however, many of these approaches have only been examined for HeV- or NiV- 
specific neutralizing antibody induction.*°’ A more limited number of vaccine candidates 
have been examined for both immune response and efficacy using a variety of animal 
challenge models (Table 13.5). Attenuated vaccinia virus strain NYVAC recombinants 
encoding either the NiV F or G glycoproteins used to immunize hamsters provided complete 
protection from NiV-mediated disease following challenge and demonstrated that an immune 
response to the viral envelope glycoproteins was an important immunogen in protection.*°° A 
second poxvirus-based approach was developed as a potential livestock vaccine using 
recombinant canarypox virus with the NiV F and G genes inserted into ALVAC vectors 
(Table 13.5). ALVAC vectors expressing either NiV F or NiV G were tested individually and 
in combination by vaccination of piglets, and animals were challenged intranasally with NiV. 
Piglets were protected from NiV-mediated illness by either ALVAC vector alone or in 
combination, and immunized animals shed only low levels of nucleic acid detectable virus, 
and no recoverable virus was evident.*°? Three other viral vector-based NiV vaccines have 


been examined in animal challenge studies (Table 13.5). An adeno-associated virus (AAV) 
platform using the NiV G glycoprotein was tested in the hamster model using NiV challenge, 
showing complete protection against NiV, but only low level cross-protection (three of six 
animals) against an HeV challenge.*©° A recombinant measles virus vector encoding the NiV 
G glycoprotein was examined using two different vectors; the HL (rMV-HL-G) and 
Edmonston (rtMV-Ed-G) measles virus strains*°! (Table 13.5). Here, complete protection 
from NiV disease was achievable in the hamster challenge model following vaccination with 
either rMV-HL-G or rMV-Ed-G, and the rMV-Ed-G was tested in the NHP model 
demonstrating two of two AGMs were protected against NiV challenge. Several groups have 
tested the vesicular stomatitis virus (VSV)—based platform using the NiV F or G 
glycoproteins (Table 13.5). In the ferret model, a single immunization with VSV encoding 
either NiV F or NiV G could afford complete protection from NiV challenge.*® Similarly, 
NiV G or F glycoproteins in VSV vectors were successful in protection from NiV challenge 


in the hamster model,*°7°* and a single immunization of NiV G encoding VSV was 
protective in the AGM model.*.2° 


TABLE 13.5 Summary of advanced henipavirus vaccination development 
initiatives evaluated in animal challenge models 


Active vaccination 


Recombinant vaccinia virus Nipah F and/or G glycoprotein Hamster? (NiV) 

Recombinant canarypox virus Nipah F and/or G glycoprotein Pig? (NiV) 

Recombinant VSV Nipah F and/or G glycoprotein Ferret® (NiV), hamster? (NiV), nonhuman 

Recombinant AAV Nipah G glycoprotein primate® (NiV) 

Recombinant measles virus Nipah G glycoprotein Hamster’ (NiV, HeV) 

Recombinant subunit Hendra virus soluble G glycoprotein Hamster’, nonhuman primate (NiV, HeV) 

VLP based Purified virus-like particles made from NiV Cat" (NiV), Ferret’ (HeV, NiV), nonhuman 
M, F, and G proteins primate! (HeV, NiV), horse* (HeV) 


Hamster (NiV)° 
Passive immunization 


Human monoclonal antibody m102.4 Hendra/Nipah G glycoprotein Ferret! (NiV) 
Nonhuman primate™ (HeV, NiV) 


“Hamsters immunized with NiV F and/or G glycoprotein encoding recombinant vaccinia viruses were protected against 
disease following intraperitoneal challenge with 103 PFU of Niv.2°8 

bpigs immunized with NiV F and/or G glycoprotein encoding recombinant canarypox viruses were protected against 
intranasal challenge with 2.5 x 10° PFU of Niv.2°9 

Ferrets immunized with NiV F and/or G glycoprotein encoding recombinant vesicular stomatitis virus (VSV) vectors were 
protected against lethal intranasal challenge with 5 x 103 PFU of Niv.22 

dtjamsters immunized with NiV F and/or G glycoprotein encoding recombinant vesicular stomatitis virus (VSV) vectors 


were protected against lethal intraperitoneal challenge with 10° TCIDs9 of Niv2 or 6.8 x 104 TCIDsg of Niv.263 


African green monkeys immunized with an NiV G encoding recombinant VSV vector were protected against lethal 
intratracheal challenge with 10° TCIDs9 of Niv,269,266 


fHamsters immunized with an NiV G encoding recombinant adeno-associated virus (AAV) vector were protected against 


lethal intraperitoneal with 104 PFU of Niv.269 
JHamsters and African green monkeys immunized with an NiV G encoding recombinant measles virus vector were 
protected against lethal intraperitoneal challenge with 10° TCIDsg of NiV (hamsters) or 10° TCIDsg of NiV (AGMs).291 


Mifendra virus soluble G glycoprotein (HeV-sG) used to immunize cats protects against lethal subcutaneous (500 
TCIDsg)2°8 or oronasal (5 x 104 TCIDsg) NiV challenge.2/0 

iHeV-sG used to immunize ferrets protects against lethal oronasal challenge with 5 x 102 TCIDsg of Hev!0 or 5 x 10° 
TCIDso of NiV challenge.?”! 

JHeV-sG used to immunize African green monkeys protects against lethal intratracheal challenge with 10° TCIDsg of 
NiV2/? or 5 x 10° PFU of Hev.2”? 

ktfeV-sG used to immunize horses protects against lethal oronasal challenge with 2 x 10° TCIDs9 of Hev.2/4 

lan NiV and HeV cross-reactive G glycoprotein-specific neutralizing human mAb (m102.4) protects ferrets against lethal 
oronasal challenge with 5 x 102 TCIDsg of NiV?” or 5 x 10° TCIDsq of HeV (J. Pallister and C. Broder, unpublished) by 
postexposure infusion. 

™Human mAb m102.4 protects African green monkeys by postexposure infusion following lethal intratracheal challenge 


with 4 x10° TCIDsg of Hev!°3 or lethal intratracheal challenge with 5 x10° PFU of Niv,191,194 


"Hamsters immunized with VLPs (either one dose or three doses) composed of Nipah virus M, F, and G (RBP) proteins 


were completely protected against lethal intraperitoneal challenge with 1.6 x 104 pfu of Niv.330 


The most extensively tested vaccine against NiV and HeV has been a recombinant protein 
subunit strategy because of the inherent safety of such an approach. Soluble, secreted, 
oligomeric forms of the G glycoprotein (sG) from both NiV and HeV were developed and 
tested as possible vaccine candidates, and the HeV-sG was shown capable of eliciting a more 
potent cross-reactive polyclonal antibody response and also a_ better cross-protective 


response~°”7©8 (Table 13.5). HeV-sG is a soluble and secreted version of the molecule with a 
genetically deleted transmembrane and cytoplasmic tail that is produced in mammalian cell 


culture systems and is properly N-linked glycosylated*® (Fig. 13.15). HeV-sG has been 
shown to retain many native characteristics including oligomerization and ability to bind 


ephrin receptors®~*°” and is capable of eliciting potent cross-reactive (HeV and NiV) 
neutralizing antibody responses in a variety of animals including mice, rabbits, cats, ferrets, 


monkeys, and horses.*°’ The HeV-sG vaccine in the cat model provided complete protection 


against a lethal NiV challenge*®® and suggested a single subunit vaccine (HeV-sG) could be 
effective against both HeV and NiV. Further studies in the cat model revealed that antibody 


titers as low as 1:32 could protect against NiV-Malaysia challenge*”” (Table 13.5). Studies in 
the ferret model with low vaccine doses of HeV-sG formulated in CpG and Alhydrogel™ 
could completely protect against high-dose HeV challenge.'°° Immunization and challenge 
studies in ferrets with the NiV-Bangladesh strain also demonstrated complete protection.*’! 
In addition, good durable immunity was shown in other ferrets challenged 434 days 
postvaccination.*’! However, preliminary studies with HeV-sG as a vaccine in the pig model 
was less effective against HeV and unprotective against NiV, and both humoral and cellular 


immune responses were required for protection of swine against henipaviruses in that 
challenge mode 
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FIGURE 13.15 Model of the Hendra virus soluble G glycoprotein subunit 
vaccine (HeV-sG) and its complex with the Hendra and Nipah virus—neutralizing 
human monoclonal antibody m102.4. A: The HeV-sG glycoprotein subunit 
vaccine is composed of the entire ectodomain (amino acids 76-604) of the HeV 
G glycoprotein. HeV-sG is shown as dimer with one monomer colored green and 
the other cyan. The secondary structure elements of the two globular head 
domains are derived from the crystal structure of the HeV G head domain, the 
stalk regions of each G monomer (residues 77—136) are modeled, and N-linked 
glycosylation sites are shown as gray spheres. The ephrin-binding face of the 
cyan globular head is facing forward with an overlay of the interacting ephrin-B2 
G-H loop residues in yellow. B: The HeV-sG dimer is modeled in complex with 
two m102.4 Fab antibody fragments. The two HeV-sG monomers are colored 
green and cyan as in panel A and rotated slightly to the right, and the two Fab 
molecules are shown with their heavy chains colored in magenta and light chain 


in yellow, each binding one globular head domains of G. (Modified from Broder 
CC, Xu K, Nikolov DB, et al. A treatment for and vaccine against the deadly 
Hendra and Nipah viruses. Antiviral Res 2013;100(1):8—-13A.) 


The HeV-sG vaccine has also been extensively evaluated in nonhuman primates (AGMs). 
Monkeys immunized with HeV-sG formulated in Alhydrogel™ and CpG were completely 
protected against intratracheal challenge with NiV-Malaysia, some with prechallenge 
neutralizing titers as low as 1:28, and no evidence of clinical disease, virus replication, or 
pathology was observed in any vaccinated monkeys.*”* Similarly, HeV-sG vaccination and 
protection from an HeV challenge in AGMs have also been shown, including HeV-sG 
formulated in Alhydrogel™ alone.*’’ The inherent safety and effectiveness of the HeV-sG 
vaccine led to its development as an equine vaccine to prevent not only HeV infection of 
horses but also as the means to reduce the risk of HeV transmission to people (Fig. 13.16A). 
HeV-sG was licensed by Zoetis™ Inc., (formerly Pfizer Animal Health) and developed as an 
equine vaccine for use in Australia. Horse HeV-sG vaccination and HeV challenge studies 
were conducted at the BSL4 facilities of the Australian Animal Health Laboratory (AAHL) 
in Geelong?”* (Table 13.5). HeV-sG was formulated in an approved equine adjuvant (Zoetis, 
Inc.), and two initial efficacy studies in horses tested 50-yg and 100-pg doses of the same 
HeV-sG used in published animal studies were used to immunize horses. Additional studies 
used a 100-y1g dose of HeV-sG produced in CHO cells (Zoetis, Inc.). Immunizations were 
two doses given intramuscularly 3 weeks apart. All horses in these efficacy studies were 
challenged oronasally with 2x10° TCID.,) of HeV. Seven horses were challenged at 28 days, 


and three horses were challenged 194 days, after the second immunization. All vaccinated 
horses remained clinically healthy following challenge, demonstrating protection with 
prechallenge HeV neutralizing titers as low as 1:16.*”4 There was no gross or histologic 
evidence of HeV infection in any of the vaccinated horses at study completion, and all tissues 
examined were negative for HeV antigen by IHC, with no viral genome detected in any 
tissue. In 9 of 10 vaccinated horses, HeV nucleic acid was not detected in daily nasal, oral, or 
rectal swab specimens or from blood, urine, or fecal samples collected before euthanasia, and 
no recoverable virus was present.*’4 
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. 


Australia 


FIGURE 13.16 One Health vaccine strategy. A: The known modes of 
henipavirus transmission in different countries. In Australia, all seven human 
cases were infected via contacting infected horses. A One Health vaccine 
strategy was developed for immunization of horses with the dual purposes of 
saving horses from lethal Hendra virus infection and prevention of transmission 
from bats to humans via horses. B: Location densities of Equivac® HeV vaccine 
administered to horses around Australia. As of 2018, more than 700,000 doses of 
Equivac® HeV have been administered to horses around Australia, equating to 


more than 168,000 unique horses vaccinated. (Courtesy of Dr. Richard 
L'Estrange, Zoetis Inc.) 


Equivac® HeV was launched in November 2012 on a Minor Use Permit by the regulatory 
authority, the Australian Pesticides and Veterinary Medicines Authority (APVMA), and is the 
first commercially developed and deployed vaccine against a BSL4 agent and is currently the 
only licensed antiviral approach for henipavirus infection. All vaccinated horses receive a 
microchip, and database is maintained, and in August 2015, Equivac® HeV received full 
registration by the APVMA. To date, more than 640,000 doses of Equivac® HeV vaccine 
have been administered to more than 153,000 unique horses (Fig. 13.16B). Since vaccine 
release, laboratory-confirmed HeV infections in horses (n = 21) have only occurred in 
unvaccinated horses. The HeV-sG recombinant subunit vaccine for NiV and HeV is now in 
clinical development with support from the Coalition for Epidemic Preparedness Innovations 
(CEPI),*”° and phase I clinical trials set to commence in 2019. Recent vaccination and 
challenge studies in NHPs have shown that a single immunizing dose of HeV-sG in 
Alhydrogel™ can protect against HeV and NiV-Bangladesh challenge (Geisbert and Broder, 
unpublished), and together with the results of recombinant VSV-based NiV vaccines, these 
findings highlight their potential usefulness in an emergency use or outbreak scenario. 


Passive Immunization 


Initial passive immunization studies using either NiV G— and F-specific polyclonal 
antiserums or mouse monoclonal antibodies (mAbs) specific for the NiV or HeV G or F 
glycoproteins were shown to be protective in the hamster model.!0*:7°827 HeV- and NiV- 
neutralizing human mAbs reactive to the G glycoproteins of both HeV and NiV have been 
developed using recombinant antibody technology.?”” One mAb, m102.4, possessed strong 
cross-reactive neutralizing activity against HeV and NiV and was later produced in an IgG1 
format in a CHO-K1 cell line.2”® The m102.4 mAb epitope maps to the receptor-binding site 
of G and engages G in a similar fashion as the ephrin receptors*’?°°* (Fig. 13.5). The m102.4 
mAb can neutralize all HeV and NiV isolates tested, including HeV-1994, HeV-Redlands, 
NiV-Malaysia, and NiV-Bangladesh.?”*°° NiV challenge experiments in the ferret 
demonstrated that complete protection was possible by a single dose of m102.4 mAb 
administered by intravenous infusion 10 hours following a lethal virus challenge.?’ The 
therapeutic efficacy of mAb m102.4 has also been examined in NHPs against both NiV and 
HeV challenge as a postexposure therapeutic reflective of a potential real-life virus exposure 
scenario!9*!%4 (Table 13.5). In one study, AGMs were challenged intratracheally with HeV, 
and following virus administration, they were infused twice with m102.4 (~15 mg/kg) 
beginning at 10 hours, 24 hours, or 72 hours postinfection followed by a the second infusion 
approximately 48 hours after the first. In this study, all subjects became infected following 
challenge, and all animals that received m102.4 survived, whereas all controls succumbed to 
severe systemic disease 8 days following virus challenge. Animals in a 72 hours treatment 
group did exhibit neurologic signs, but all recovered by day 16, but there was no evidence of 
HeV-specific pathology in any of the m102.4—treated animals, and no infectious HeV could 
be recovered from any tissues from any m102.4—treated subjects. A later study evaluated the 
efficacy of m102.4 against NiV-Malaysia challenge in AGMs, at several time points after 


virus exposure by intratracheal challenge including as late as the onset of clinical illness.'%4 


Here, animals were infused twice with m102.4 (15 mg/kg) beginning at either 1, 3, or 5 days 
following NiV-Malaysia challenge and again 48 hours after the first dose. All animals 
became infected following virus exposure, and again all subjects that received m102.4 
therapy survived the infection, whereas the untreated control subjects succumbed to disease 
between days 8 and 10 following virus challenge. The m102.4 mAb was also shown to be 
effective in the NHP model against NiV-Bangladesh infection, although its therapeutic 
window was much shorter as compared to NiV-Malaysia—infected subjects.‘°! Taken 
together, these studies have shown that m102.4 mAb therapy can prevent HeV or NiV lethal 
disease in exposed subjects is the only effective postexposure therapeutic tested in vivo in 
NHPs. The mAb m102.4 has since been used by emergency protocol in 13 people in 
Australia and one in the United States because of significant risk of HeV or NiV infection.*°’ 
The m102.4 antibody has completed a phase I clinical trial in Australia and has recently been 
supplied to Government of India and included in an international Nipah treatment protocol 
sponsored by the Indian Council of Medical Research (ICMR) with support from the NIAID, 
NIH, USA. 


PERSPECTIVE 


Nipah and henipaviral diseases remain on the latest WHO list of Blueprint priority diseases 
(February 2018).*°' This acknowledges that NiV (or related virulent henipaviruses) is a 
major threat to global public health and calls for increased research and development into 
henipaviruses and their countermeasures, including surveillance and diagnostics. In addition, 
both NiV and HeV emergence and reemergence remain continuous infectious disease 
transboundary threats to economically important livestock throughout South Asia and 
Australia.*°* NiV is also one of the top three viral agents prioritized for vaccine development 
by the CEPI.*”>°° The high virulence of the henipaviruses and the requirement for BSL4 
facilities have hampered investigations into the biology and pathogenesis of these novel 
paramyxoviruses. Nonetheless, the advent of reverse genetics for henipaviruses, coupled with 
the development of animal models that recapitulate the clinical features and pathology seen 
in virus-infected humans, has provided insights into the functions of many henipavirus 
proteins and the role they play in the pathogenesis of henipavirus disease. While the 
virulence of henipaviruses necessitates the initial functional characterization of henipavirus 
proteins from cloned genes, it is imperative that these functional characteristics be examined 
in the context of a live virus infection. Even then, it appears increasingly important to 
investigate why henipaviruses appear so much more virulent in many of their terrestrial hosts 
versus their chiropteran counterparts.7°4 

Despite our expanded understanding of the henipaviruses, many questions relating to the 
ecology and biology of henipaviruses remain unanswered. Pteropus species of fruit bats are 


clearly the major reservoir host of these viruses,2°*7°7°8 but new studies have suggested 
that an even wider group of chiropteran species host not only the known henipaviruses but 


also multiple divergent clades of new henipavirus species.*”72*7°° Molecular or serologic 
evidence of henipaviruses can now be found in frugivorous and insectivorous bats that range 
from Australia and Austronesia to China, Southeast Asia, countries of the Indian 
subcontinent, Madagascar, sub-Saharan Africa, and even into the New World (Costa Rica and 
Brazil),!9,29,207,286 287, 288 289 290 291 292 293 294 295 296 297 The emergence of these and 
related viruses is probably associated with the destruction of the flying fox native habitats, 
driving the animals to seek food from orchards and ornamental trees in urban and peri-urban 
areas. Continued deforestation and amplification of factors that drive zoonotic spillover from 
reservoir hosts will undoubtedly lead to further outbreaks of HeV, NiV, and novel related 


members of the genus.7”°, 299, 39°, 3°! Continued surveillance coupled with identification and 
characterization of these putative new species of henipavirus is required to provide a proper 
assessment as to the countermeasures, such as the CEPI initiatives, that would be necessary 
to control or prevent future outbreaks and spillovers. 
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INTRODUCTION 


Influenza viruses were possibly responsible for an epidemic disease in Athens in the in 5th 
century sc,°* and thus they would have been with us for a long, long time. Influenza remains 
a major cause of morbidity and mortality worldwide, and large segments of the human 
population are affected every year. In addition, many animal species can be infected by 
influenza viruses, and some of these viruses may give rise to pandemic strains in humans, as 
in the case of the 2009 H1N1 pandemic. Most threatening is the possibility of another 
pandemic similar to that experienced in 1918, which is estimated to have caused on the order 
of 50 million deaths worldwide.*”° 


CLASSIFICATION 


The family of Orthomyxoviridae is defined by viruses that have a negative-sense, single- 
stranded, and segmented RNA genome. The definition of negative-sense RNA viruses came 
from work by David Baltimore, who showed that the packaged genome of this class of 
viruses is complementary to the messenger RNA (mRNA), which is defined as positive.° 
There are seven different genera in the family of Orthomyxoviridae: the Thogotovirus; 
Alpha-, Beta-, Gamma-, and Deltainfluenzavirus (or Influenzavirus A, B, C, and D); 
Quaranjavirus; and Isavirus (Fig. 14.1) (http://www.ictvonline.org/). Members belonging to 
any of the four different genera of influenza viruses can undergo genetic reassortment within 
the genus (see below) and thus readily exchange genetic information. However, reassortment 
between members of different genera (types) has never been reported. This absence of 
genetic exchange between viruses of different genera (types) is one manifestation of 
speciation as a result of evolutionary divergence. It is likely that many more members of the 
family Orthomyxoviridae will be discovered as more and more species and their viruses will 
be sequenced in the future. 
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FIGURE 14.1 Phylogenetic relationships among members of _ the 
Orthomyxoviridae. Amino acid sequences of the polymerase basic 1 (PB1) 
protein were aligned using the MAFFT program,*°© with the phylogeny then 
inferred using the maximum likelihood algorithm implemented in PhyML.°28 
The tree was midpoint rooted for clarity only and the support for individual 
nodes was assessed using an approximate likelihood ratio test (aLRT). The scale 
bar represents the number of amino acid substitutions per site. (Figure was 


kindly provided by Edward C. Holmes and Mang Shi.) 


Different influenza virus strains are named according to their genus (type), the species 
from which the virus was isolated (omitted if human), the location of the isolate, the number 
of the isolate, the year of isolation, and, in the case of the influenza A viruses, the 
hemagglutinin (H) and neuraminidase (N) subtypes. For example, the 220th isolate of an 
influenza virus isolated from a chicken in Hong Kong in 1997 is designated as influenza 
A/chicken/Hong Kong/220/97(H5N1) virus. There are now 18 different hemagglutinin (H1- 
H16 and hemagglutinin-like proteins H17 and H18) subtypes and 11 different neuraminidase 
(N1—N9 and neuraminidase-like proteins N10 and N11) subtypes for influenza A viruses, 
while there are no influenza B virus hemagglutinin and neuraminidase subtypes (Fig. 14.2). 
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FIGURE 14.2 Phylogeny of influenza A and B virus hemagglutinins (HAs) and 
neuraminidases (NAs). Unrooted, radial phylogenetic trees based on amino acid 
sequences of the HA (A) and NA (B) proteins from representative influenza A 
and B viruses. Representative viruses were selected from the Global Initiative on 
Sharing All Influenza Data (GISAID) and aligned using ClustalW. Phylogenetic 
trees were visualized using FigTree (v1.4.3). The scale bars represent an amino 
acid change of 6%. (Courtesy of Ericka Kirkpatrick.) 


VIRION STRUCTURE 


Influenza A viruses have a complex structure and possess a lipid membrane derived from the 
host cell (Fig. 14.3A). This envelope harbors the hemagglutinin (HA) and the neuraminidase 
(NA) that project from the surface of the virus and the membrane integral M2 ion channel. 


The matrix (M1) protein lies just beneath the envelope, and the core of the virus particle is 
made up of the RNP (ribonucleoprotein) complex, consisting of the viral RNA (vRNA) 
segments, the polymerase proteins (PB1 [polymerase basic 1], PB2 [polymerase basic 2], 
and PA [polymerase acid]), and the nucleoprotein (NP).*°° The NEP (nuclear export protein) 
protein is also present in purified viral preparations.’““” The overall composition of virus 
particles is about 1% RNA, 5% to 8% carbohydrate, 20% lipid, and approximately 70% 
protein.*!°-°° Specifically, it is important to get quantitative data on the presence of 
individual viral components as well as cellular components that are packaged into the 
virus.*!48°8 Excellent analyses have already been performed using electron microscopy (EM) 
of negatively stained or frozen-hydrated (cryoelectron microscopy) particles and tomographic 
reconstructions.22:106.270,352,394,664,905,946 The morphology of influenza A virus particles is 
characterized by distinctive spikes that are readily observable in electron micrographs of 
negatively stained virus particles (Fig. 14.3B). These spikes, made up of HA and NA, have 
lengths of approximately 10 to 14 nm, with an approximate ratio of four HA trimers to one 
NA tetramer. Influenza viruses are pleomorphic. The spherical particles have a diameter of 
about 100 nm, but filamentous particles with elongated viral structures (more than 300 nm) 
have frequently been observed, particularly in fresh clinical isolates!”° and in preparations of 
viruses with specific M1, M2, or NP proteins (Fig. 14.4).°+79:100,107,176,226,227,768 
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FIGURE 14.3 Schematic diagram and electron micrograph of influenza 
virus particles. A: The hemagglutinin (HA), neuraminidase (NA), and M2 
proteins are inserted into the host-derived lipid envelope. HA is found as a trimer 
and NA and M2 both as tetramers. The matrix (M1) protein underlies the lipid 


envelope. A nuclear export protein (NEP) is also associated with the virus. The 
viral RNA segments are coated with nucleoprotein and are bound by the 
polymerase complex. Of note, this is a schematic representation and does not 
represent the actual architecture of the different viral components. B: Electron 
micrograph thin-section image of influenza virus particles (diameter ~100 nm) 
with the HA and NA spikes visible on the surface and the eight ribonucleoprotein 
(RNP) segments visible in the interior of each particle. (Courtesy of Yi-ying 
Chou.) 
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FIGURE 14.4 =a Giamentais phenotype depends on the M segment. 
Indirect immunofluorescence of viral antigens on the surfaces of infected cells 
(top panels) and electron microscopy images of negatively stained virus 
preparations (bottom panels). Particles of influenza A/WSN/33 virus are 
spherical, whereas those of influenza A/Udorn/72 virus are filamentous. 
Substitution of the WSN M segment with that of Udorn (WSN-Mud) results in a 
recombinant/reassortant virus with a filamentous phenotype. Calibration bar 


represents 300 nm. For details, see Ref./2 (Courtesy of Adolfo Garcia-Sastre and 
Svetlana Bourmakina.) 


Less is known about the internal structures of influenza viruses. However, the underlying 


M1 layer can be visualized and reveals a helical superstructure.'°°’/477° The RNP 
complexes were first separated by Duesberg” on sucrose gradients and were visualized by 
EM using positive staining with uranyl acetate.!°! These RNP structures appear to consist of 
a strand that is folded back on itself to form a double-helical arrangement covered by NP and 
affixed to a trimeric polymerase with one open end and a loop on the other end.!°°?+723 
Most recently, RNPs or individual RNA segments have been visualized by EM of thin- 
section virus particles and cryotomography.22-00.964,669,858 


Influenza B viruses are mostly indistinguishable from the A viruses by EM. They have 
four proteins inserted in their lipid envelopes: the HA, NA, NB, and BM2.°°.81,671,1021 The 
M1 and the RNP complexes make up the interior of the particle. It has also been shown that 
the influenza B virus NEP is associated with purified virus preparations.*~° 


Influenza C and D viruses have been found to possess hexagonal reticular (net-like) 
structures on the surface!*°** and to form unusually long (500 pm) cord-like structures on 
the surface of infected cells (which seem to be more prevalent in influenza C than influenza 
D viruses).°7®42,659 Influenza C and D viruses also contain a core of three polymerase 
proteins and the NP, which are associated with seven RNA segments. The influenza C and D 
virus M1 appears to have a similar role to those of influenza A and B viruses. The major 
glycoprotein, HEF (hemagglutinin-esterase fusion), combines the functions of the HA and 
NA (and thus influenza C and D viruses contain one less RNA segment than do the A and B 
viruses).°’? The HEF of influenza C and D viruses is inserted into the lipid membrane, as are 
the glycosylated CM2 and DM2, which are analogous to the M2 of influenza A viruses and 
the BM2 of influenza B viruses.*6%76 704834 


GENOME STRUCTURE AND ORGANIZATION 


Influenza Viruses 


All A- and B-type influenza viruses possess eight RNA segments, whereas influenza C and D 
viruses only have seven different RNAs (Figs. 14.5-14.7). This genome assignment for 
influenza A viruses was first shown by using polyacrylamide gel electrophoresis of isolated 
RNAs from two parent influenza A virus strains and their reassortants. Identifying the 
derivation of an RNA segment (by gel electrophoresis) in a reassortant and simultaneous 
protein analysis (by serologic or gel analysis) allowed the assignment of individual RNAs to 
specific viral proteins®®’ (Figs. 14.5-14.7). Interestingly, influenza A viruses increase the 
coding capacity of their genomes via both splicing and use of alternative open reading frames 
(ORFs). The M and NS genes each give rise to a spliced mRNA encoding the M2 and the 
NEP (formerly NEP/NS2) proteins, respectively.°°!°°* The PB1-F2 is expressed from an 
alternative ORF within the PB1 gene, while PB1-N40 is an N-terminal truncation produced 
by the use of a downstream AUG and leaky scanning!**?”° (Fig. 14.5), although not all 


influenza A virus strains encode these proteins, making them true accessory proteins. 
Recently, a frameshift product, termed PA-X, was identified comprising the endonuclease 
domain of the viral PA protein with a C-terminal domain encoded by the X-ORF**? (Fig. 
14.5). PA-X can function to repress cellular gene expression,**° and mutations in the PA-X 
gene have the potential to improve the hemagglutinin yield of vaccine viruses.*!° The PA-X 
protein, like the NS1 protein, is multifunctional and has effects on the innate immune 
response of the host.®°® Each viral segment contains noncoding regions at both the 5’ and 3’ 
ends. The extreme ends are highly conserved among all segments of influenza A viruses, and 
they are followed by less conserved segment-specific noncoding regions. 
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FIGURE 14.5 Genome structure of influenza A/Puerto Rico/8/34 virus. RNA 
segments (nucleotides in black) shown in positive sense and their encoded 
proteins (amino acids in red). The lines at the 5’ and 3’ termini represent the 
noncoding regions. The polymerase basic 1 (PB1) protein segment contains a 
second open reading frame (ORF) in the +1 frame resulting in the PB1-F2 
protein and a third ORF in the 0 frame resulting in the PB1-N40 protein. The PA 


segment contains codes for a second protein that consist of the N-terminus of PA 
and a novel C-terminal sequence that is added after a frameshift to +1 at the 
codon for amino acid 191. The M2 and nuclear export protein (NEP) proteins are 
encoded by spliced messenger RNAs (mRNAs) (the introns are indicated by the 
V-shaped lines). Additional accessory proteins are not shown but discussed in the 
main text. (Courtesy of Heinrich Hoffmann.) 


2369 * cap recognition 


1 752 
1 726 elongation 
| EE 225° mm component of RNA poiymerase, 
1 584 endonuclease activity 
1 560 binding, fusion activity, major antigen 
1 100 


{ 466 NB: Membrane protein, ion channel 
1557 activity 


NA: Surface glycoprotein, 
neuraminidase activity 


4 248 1 109 M1: Matrix protein, interaction with vVRNPs 


STOP/START BN2: Membrane protein, ion channel 
UAAUG activity, assembly 


1 2 [ORFO J NS1: Multifuctional protein, viral IFN 
1 1096 antagonist 
a [ORF >7] 


NEP: Nuclear export of VRNPs 


PB2: Component of RNA polymerase 


PB1: Component of RNA polymerase 


PS: Component of RNA polymerase 


HEF: Surface glycoprotein, receptor 
binding, esterase and fusion activity, 
major antigenic determinant 


NP: RNA binding, RNA synthesis 


CM2: Surface glycoprotein, ion 
channel activity 


CM1: Matrix protein, interaction with 
vRNPs and surface glycoproteins, 
generation of cord-like structures 


NS1: — Multi-functional protein, viral 
IFN antagonist 


NEP: Nuclear export of VRNPs 


FIGURE 14.6 A: Genome structure of influenza B/Lee/40 virus. RNA segments 
(in nucleotides) shown in positive sense and their encoded proteins (in amino 
acids). The lines at the 5’ and 3’ termini represent the noncoding regions. The NA 
segment contains an additional open reading frame (ORF) in the —1 frame 
starting four nucleotides upstream of the NA start codon, resulting in the NB 
protein. The M segment encodes the M1 and the BM2 protein. The M1 


termination codon UAA overlaps with the BM2 initiation codon AUG in a 
translational stop-and-start pentanucleotide UAAUG (shown in capital letters). 
The NS segment codes for NS1 and NEP. NS1 is a translation product of a 
colinear messenger RNA (mRNA), whereas NEP is a product of spliced MRNA 
(intron is shown by the V-shaped line). Asterisks indicate that RNA segments are 
from influenza B/Memphis/97/12 virus. B: Genome structure of influenza C 
virus. RNA segments (in nucleotides) shown in positive sense and their encoded 
proteins (in amino acids). The lines at the 5’ and 3’ termini represent the 
noncoding regions. The M segment encodes the CM1 and CM2 proteins. The 
CM2 protein is derived from a colinear messenger RNA (mRNA). The p42 
precursor contains a signal peptide (SP) that becomes cleaved and releases CM2. 
CM1 is the product of a spliced mRNA in which the stop codon UGA (shown in 
capital letters) is introduced by mRNA splicing. The NS segment codes for NS1 
by a colinear mRNA and for NEP by a spliced mRNA (intron is shown by the V- 
shaped line). (PB2, PB1, and P3 are derived from C/JJ/50 virus; HEF* is derived 
from C/JHB/1/66 virus; NP** and M** are derived from C/AnnArbor/1/50 
virus; and NS*** is derived from C/Yamagata/1/88 virus.) (Courtesy of Heinrich 
Hoffmann.) 
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FIGURE 14.7 A: RNA segments of influenza A/Puerto Rico/8/34 (H1N1) and 
A/Hong Kong/8/68 (H3N2) viruses. The viral RNAs are separated on a 
polyacrylamide gel and the proteins encoded by the RNAs are indicated. 
(Adapted from Palese P. The genes of influenza virus. Cell 1977;10(1):1—10.) B: 
Separation of RNAs from influenza A, B, and C viruses on a polyacrylamide gel. 


The 22P-labeled RNAs of influenza A/PR/8/34 virus (lane 1), influenza B/Lee/40 
virus (lane 2), and influenza C/JHB/1/66 virus (lane 3) were isolated from 
purified virus preparations. The RNAs were treated with glyoxal for complete 
denaturation and separated by polyacrylamide gel electrophoresis. (Adapted 
from Palese P, Racaniello VR, Desselberger U, et al. Genetic structure and 


genetic variation of influenza viruses [and Discussion]. Philos Trans R Soc Lond 
Ser B Biol Sci 1980;288(1029):299-305, Ref. ®9) 


The influenza B virus genome is similar to that of influenza A virus (Fig. 14.6A). Again, 
eight RNA segments code for one or more viral proteins with the three largest RNAs coding 
for the polymerase proteins, the fourth RNA for the HA, and the fifth and sixth RNAs for the 
NP and NA, respectively.’°° The NA gene codes for the NB protein as well as for the NA. 
The NB protein is encoded by a -1 ORF seven nucleotides upstream 
(... AUGAACAAUG...) of the NA coding frame.®°° The seventh RNA codes for the M1 
protein (248 amino acids in length). Its termination codon (... UAAUG) overlaps with the 
initiation codon (UAAUG...) for the BM2 (109 amino acids in length), which allows for a 
“stop-start” translation mechanism.*°° The eighth RNA codes for the NS1 as well as for the 
NEP protein, the latter via a spliced mRNA. Cognate PB1-F2, PB1-N40, and PA-X proteins 
have not yet been identified in influenza B viruses. The noncoding regions of the influenza B 
virus genome are longer than those in influenza A virus. 


The genome of influenza C viruses has only seven RNA segments, with the three largest 
RNAs each coding for one of the polymerase proteins (Fig. 14.6B). The PB1 and PB2 
proteins are homologous to the corresponding influenza A and B virus proteins. The third 
influenza C virus polymerase protein is named P3 because it does not display acid charge 
features at neutral pH, as do the corresponding PA proteins of influenza A and B viruses.??° 
The fourth RNA codes for the HEF protein,*?”? combining the hemagglutinin, receptor- 
destroying, and fusion activities. The NP is encoded by the fifth RNA. The sixth RNA codes 
for the M protein, which is expressed from a spliced mRNA, and from the unspliced MRNA a 
long precursor is translated (p42), which is then processed by signal peptide cleavage into 
CM2. This 115—amino acid (aa)-long protein consists of an amino-terminal extracellular 
domain (with a carbohydrate chain), a hydrophobic transmembrane domain (TMD), and an 
intracellular cytoplasmic tail.”°°7°499 Finally, RNA 7 codes for the NS1 protein (246 amino 
acids)°*” and, via a spliced mRNA, for the NEP protein (182 amino acids).°*"* The genome 
structure of influenza D virus seems to be very similar to that of influenza C virus.®°° 


Evolutionarily, influenza A, B, C, and D viruses have a common precursor, and it is also 
likely that influenza A and B viruses diverged from each other more recently than did 
influenza C and D viruses. Based on comparative sequencing studies using the hemagglutinin 
molecules, it has been postulated that the influenza A viruses diverged about 2,000 years ago 
and the influenza B and C viruses about 4,000 and 8,000 years ago, respectively.°°” Clearly, 
these numbers are based on a series of unprovable assumptions, including a steady rate of 
evolution over time, and therefore must be taken cum grano salis. Interestingly, influenza 
C152,399,646 viruses have only seven distinct RNA segments, but scanning transmission 
electron microscopic tomography suggests that the majority of their virus particles package 
7+1 viral RNPs,°** similar to what is observed with influenza A and B viruses (the latter each 
having eight different RNA segments). 


Thogoto Virus 


The genomes of Thogoto viruses, including Bourbon virus, possess only six single-stranded 
RNA segments of negative polarity, with a total coding capacity for seven proteins.272°"8 As 
with the influenza viruses, three proteins make up the RNA-dependent RNA polymerase 
complex. The NP, the glycoprotein (G), the matrix protein (M), and one nonessential 
accessory protein (ML) are coded for by the remaining three RNAs. The M and ML proteins 
are both encoded by the shortest RNA, with the M protein being derived from a spliced 


mRNA.*°°474 The 304-aa-long ML protein has been shown to possess interferon antagonist 
activity?*°99336.454 and is virion associated.°°° 


Quaranjavirus 


The genomes of viruses in the Quaranjavirus genus consist of six or seven negative-sense, 
single-stranded RNA segments.””°? The ends of each segment are conserved and partially 
complementary. Segments 1, 2, and 3 encode the PB2, PA, and PB1 polymerase subunits, 
respectively, while segment 5 codes for a protein that is distantly related to the Thogoto virus 
glycoprotein and the gp64 surface glycoprotein of baculoviruses and thus is likely the 
attachment protein.”»7°! 


Isavirus (Infectious Salmon Anemia Virus) 


The genome of infectious salmon anemia virus consists of eight negative-sense, single- 
stranded RNA segments similar to those of influenza A and B viruses,'©”* and an important 
reverse genetics system has been established.°°*°°4 Segment 6 encodes the hemagglutinin- 
esterase (HE) protein, which is also present on the viral surface and whose function is to bind 
sialic acid residues of the cellular receptor.°’* The HE protein also presents receptor- 
destroying enzyme (RDE) activity that favors the release of new viral particles that emerge 
from the cellular membrane.°*° This activity is similar to the binding and RDE activities 
previously observed for the HEF protein of influenza C viruses and the HE glycoprotein of 
coronaviruses.?/~779-9!8919 Segment 8 encodes two proteins of 27.6 and 22 kD, the larger of 
which has interferon antagonist activity.!©”29° 


STAGES OF VIRAL REPLICATION 


An overview of the influenza virus life cycle is illustrated in Figure 14.8, and in the 
following pages, we will discuss each stage of this life cycle in order. 
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FIGURE 14.8 Illustration of the influenza virus replication cycle. Upon 
binding at the cell surface, the virus is internalized by receptor-mediated 
endocytosis. The low pH in the endosome triggers fusion of the viral and 
endosomal membranes, releasing the viral ribonucleoproteins (VRNPs) into the 
cytoplasm. vRNPs are imported into the nucleus where they serve as the 
template for transcription. New proteins are synthesized from viral mRNA. The 
viral genome (VRNA) is replicated through a positive-sense intermediate 
(complementary RNA [cRNA]). Newly synthesized viral RNPs are exported 
from the nucleus to the assembly site at the apical plasma membrane, where 
virus particles bud and are released. 


Mechanism of Attachment 


Influenza viruses bind to neuraminic acids (sialic acids) on the surface of cells to initiate 
infection and replication. The interaction of influenza viruses with a ubiquitous molecule 
such as sialic acid is constrained by the fact that the HAs (Fig. 14.9) of viruses that replicate 
in different species show specificity toward sialic acids with different linkages. 
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FIGURE 14.9 Ribbon representation of the uncleaved hemagglutinin 
monomer from the 1918 influenza virus based on x-ray diffraction analysis. 
The five predicted antigenic sites (Ca2, Sb, Sa, Cal, and Cb) surround the sialic 
acid receptor—binding site. Toward the membrane-proximal end (bottom) is the 


fusion peptide and helices A and B are indicated. For details, see Ref.°47 
(Courtesy of James Stevens and Ian A. Wilson.) 


Human viruses preferentially bind to N-acetylneuraminic acid attached to the penultimate 
galactose sugar by an @2,6 linkage (SAa2,6Gal), whereas avian viruses mostly bind to sialic 
acid with an @2,3 linkage!©>”®-9°7 (Fig. 14.10). In agreement with this finding is the fact that 
human tracheal epithelial cells contain mostly SAa2,6Gal, while the gut epithelium from 
ducks possesses mostly SA@2,3Gal sugar moieties.'°°-4*4 It should be noted, however, that 
this viral specificity is not absolute and that avian and human cells can contain both 
neuraminic acid linkages (2,3 as well as 2,6). Studies have shown that sialylated proteins 
with 2,3 linkages are present on cells in the human airways and that these cells can be 
infected with avian influenza viruses.°°**!%°3! Furthermore, the relevant glycan structure 
consists of more than just the terminal sialic acid linkage, and evidence suggests that factors 
such as the type of backbone, chain length, and branching pattern as well as sulfation and 
fucosylation may also influence the interactions with HA.'°78°7,84.95! Th fact, studies have 
shown that recent human H3N2 viruses have evolved to bind to branched human-type 
receptors with extended poly-N-acetyl-lactosamine chains.’°° Glycan microarrays that 
contain a wide spectrum of glycan structures are now being used as tools to better understand 
the specificity of receptor binding.**° Also, when viruses are passaged in a particular host, 
they can adapt to that host by mutating the receptor-binding site in the viral HA.7®+°° In a 
study of the A/New York/1/1918 virus HA, it was shown that the binding specificity can be 
changed by a single amino acid mutation (D190E) to a preference for a2,3-linked sialic acids. 
It is thus hypothesized that the HA gene of the 1918 influenza virus has its origin in avian 
influenza viruses and that a single amino acid change (E190D) allowed the hemagglutinin to 
recognize the a2,6-linked sialic acids prevalent in human cells.°°”°44 Similar changes in 
binding phenotype based on a small number of mutations have now been shown for many 
virus subtypes.!®* The interactions between HA and sialic acid are relatively well understood, 
but it is less clear if influenza viruses bind to N-linked glycans attached to specific surface 
proteins or if there is no specificity in terms of the protein carrying the glycan. Interestingly, 
it has been shown that the HA-like proteins of the H17N10 and H18N11 subtypes do not 
bind to sialic acid but can use MHC II as receptor.490.8°.892,1048 
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FIGURE 14.10 Sialic acid linkages preferred by human or avian influenza 
viruses. 


Leu-226 
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A:a@2,6-linkage (human): The sialic acid is bound to C atom 6 of the galactose molecule via 
its C atom 2. 


B:a2,3-linkage (avian): The sialic acid is attached by its C atom 2 to the three positions (C 
atom 3) of the penultimate sugar, galactose. These different linkages result in receptor 
molecules with different steric configurations. (Courtesy of Laurel Glaser.) Conformational 
differences in the receptor-binding sites of the H3 avian and H3 human hemagglutinins 
(HAs). 


Interactions of human subtype 3 HA with a human receptor analog (C) and avian H3 HA 
with an avian receptor analog (D). The three secondary structure components (190-helix, 
130-loop, 220-loop) of the binding site are labeled in this backbone representation together 
with some of the most relevant side chains. The broken lines indicate potential hydrogen 


bond interactions between the HA and the receptor. Residues making interactions via main 
chain carbonyl groups are shown as red spheres, while those interacting via main chain 
nitrogens are shown as blue spheres. In the pentasaccharide ligand model, the galactose 
molecule is bound to sialic acid in an @2,6 or an @2,3 linkage (C and D, respectively). The 
human HA is from A/Aichi/68 (H3) virus and the avian HA is from A/duck/Ukraine/63 (H3) 
virus. For details, see Ref.°°? 


(Courtesy of John Skehel.) 


Mechanism of Entry 


While some viruses (e.g., paramyxoviruses and herpes viruses) can enter cells directly 
through the plasma membrane by a pH-independent fusion process, influenza viruses require 
a low pH to initiate fusion and are therefore internalized by endocytic compartments. There 
are several internalization mechanisms including clathrin-coated pits, via caveolae, through 
macropinocytosis and through alternative mechanisms.7!+?71°997 Clathrin-mediated 
endocytosis has traditionally been the model for influenza virus entry.°°! However, a 
nonclathrin, non—caveolae-mediated internalization mechanism has also been described for 
influenza viruses.°*! The latter pathway is dependent on low pH and trafficking to late 
endosomes, as it requires protein kinase C, Rab5, and Rab7 functions.®?° More recently, 
through the use of specific inhibitors and RNA interference (RNAi), it has been shown that in 
addition to entering via a dynamin-dependent, clathrin-driven pathway, influenza viruses can 
also enter via a dynamin-independent pathway that is characteristic of macropinocytosis.'*4 
This mechanism has specifically been implicated for entry of filamentous influenza 
virions.’’' Potential differences in the entry pathways defined in polarized versus 
nonpolarized cells should also be appreciated, as, for example, the actin cytoskeleton appears 
to be critical for uptake of influenza viruses into polarized cells but not nonpolarized cells.°°° 
Of note, it is still unclear if binding of virus particles to sialylated glycans is sufficient or if 
additional interactions are needed to trigger/initiate efficient entry. A number of proteins have 
been identified to be of importance in influenza virus entry. Epsin 1 has been shown to be 
specifically required for clathrin-mediated uptake of influenza virus.'°' The epidermal 
growth factor receptor (EGFR) has also been demonstrated to play a role during influenza 
virus entry,*!’ and it is thought that virus attachment to the cell stimulates EGFR, which 
leads to activation of signaling cascades such as phosphatidylinositol 3-kinase (PI3K) 
signaling, which is known to promote influenza virus entry.?!* Additional proteins including 
phospholipase D, the sialylated voltage-dependent Ca** channel Ca,1.2, cell-surface 
nucleolin, prolidase, and fibronectin have been identified as factors important for influenza 
virus entry.!!9,269.927,672,722 There are also questions over whether sialic acid is the only 
attachment molecule. Lec-1 cells, which are deficient in N-linked glycosylation (but still 
contain sialylated proteins), are unable to internalize influenza viruses.'*? Similarly, cells 
deficient in sialic acid can be made to support influenza virus entry if they express one of the 


C-type lectins, DC-SIGN or L-SIGN.282:949,655 


Mechanism of Fusion and Uncoating 


Influenza viruses and other enveloped viruses (including rhabdo-, flavi-, bunya-, and 
filoviruses) require low pH to fuse with endosomal membranes. After binding to the target 
cell surface and endocytosis, the low pH of the endosome activates fusion of the viral 
membrane with that of the endosome. This fusion activity is induced by a structural change 
in the HA of influenza viruses (Fig. 14.11), but in order for this to occur, the HAO precursor 
must first be cleaved into two subunits, HA1 and HA2 (which typically occurs after release 
of new virions/before attachment; for details, see the following section on Hemagglutinin). 
Once in the acidic environment of the endosome, the cleaved HA molecule undergoes a 
conformational change, and this exposes the fusion peptide at the N-terminus of the HA2 
subunit, enabling it to interact with the membrane of the endosome®°*°>-9°:9°° (for details, 
see the following section on Hemagglutinin). The transmembrane domain (TMD) of the HA2 
(inserted into the viral membrane) and the fusion peptide (inserted into the endosomal 
membrane) are in juxtaposition in the low pH-induced HA structure. The concerted 
structural change of several hemagglutinin molecules then opens up a pore, which releases 
the contents of the virion (i.e., viral RNPs) into the cytoplasm of the cell (Fig. 14.12). The 
precise timing and the location of uncoating depend on the pH-mediated transition of the 
specific HA molecule involved.*°* 
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FIGURE 14.11 Ribbon representation of the structural changes that occur 
in hemagglutinin (HA) at low pH. Bromelain-treated HA monomer with 
regions of HA2 undergoing conformational changes at low pH as indicated by 
numbered domains (left). The domains, starting at the fusion peptide (domain 1), 
are numbered sequentially until the membrane anchor is reached (domain 6). The 
structure and the position of the region comprising residues 75 to 106 (domain 4) 
are the same before and after the conformational change (denoted by the dotted 
lines). The globular head domains retain their structures but detrimerize (falling 


to the right, away from the HA2 portion). For details, see Refs. !27:82° (Courtesy 


of John Skehel and Rupert Russell.) 


| 

| 1 Fusion 
| peptide 
| 
| 


; 


FUSION pH 


A Endosoma! membrane 


GAitiisit sittin ALAISRRRR ERR 


Q 
A, CYTOPLASM f 
ec 3 


er 


FIGURE 14.12 Model for juxtaposition of viral and endosomal membranes 
resulting in formation of a fusion pore and release of ribonucleoproteins 
(RNPs). Structures of influenza virus hemagglutinins in their postfusion state 
modeled into a possible fusion intermediate (A) and into a fusion pore (B). The 
fusion peptides are shown inserted into the endosomal membrane, while the 
transmembrane domains remain anchored in the viral membrane. Note the large 
conformational changes of the ecto- and fusion domains when compared to their 
prefusion structures (see Figs. 14.9 and 14.11). The small spheres (pink) on the 


fusion peptide denote glycines that may mediate helix interactions, and the small 
squares (blue) denote glutamates that may be responsible for the pH dependence 
of the fusion peptide penetration into lipid bilayers. Following the formation of a 
pore, the RNPs are released from the interior of the virus particle into the 
cytoplasm, completing the uncoating process. (Courtesy of Lukas Tamm.) 
Influenza virus membrane fusion with liposomes (C-G). C: Sections of an 
electron cryotomogram of A/Udorn/72 virus and liposomes after incubation at 
pH 4.9. D: HA glycoprotein—mediated interaction and perturbation of liposomes. 
E: Fusion pores between liposomes and virus with tomogram section showing 
thin densities (green) extending between virus (V) and liposome (L) membranes 
(red) as indicated in the annotated image below. F: Protein densities (yellow 
arrow heads) surrounding a point contact between liposome and membrane. G: 
Tomogram sections showing fusion pores (red arrow heads) between virus and 
liposomes. (Adapted from Calder LJ, Rosenthal PB. Cryomicroscopy provides 
structural snapshots of influenza virus membrane fusion. Nat Struct Mol Biol 
2016;23(9):853-858; courtesy of Peter Rosenthal.) 


The uncoating of influenza viruses is blocked by changes in pH caused by weak bases 
(e.g., ammonium chloride or chloroquine) or ionophores (e.g., monensin).°’* Effective 
uncoating is also dependent on the presence of the M2 protein, which has ion channel 
activity.°°”7! Early on, it was recognized that amantadine and rimantadine inhibit replication 
immediately following virus infection.®*° Later, it was found that the virus-associated M2 
protein allows the influx of H* ions from the endosome into the virus particle, which disrupts 
protein-protein interactions and results in the release of RNP free of the M1 
protein.°©”°81,1037 Amantadine and rimantadine have been shown to block the ion channel 
activity of the M2 protein and thus uncoating. /2°79!,716862,942 The HA-mediated fusion of the 
viral membrane with the endosomal membrane and the M2-mediated release of the RNP 
result in the appearance of free RNP complexes in the cytoplasm. This completes the 
uncoating process.°”° Cellular factors like Itch, transportin 1, and the cellular aggresome 
have been shown to play important roles in this process.°4°°-’9°8°3 The time frame for the 
uncoating process was examined by inhibiting virus penetration with ammonium chloride. 
The majority of virus particles showed a half-time for penetration of about 25 minutes (after 
adsorption). Barely 10 minutes later (half-time of 34 minutes after adsorption), RNP 
complexes are found in the nucleus.°”° The following uptake of RNP molecules through 
nuclear pores is an active process, involving the nucleocytoplasmic trafficking machinery of 
the host cell (for details, see Nuclear Import of RNPs). 


Much less is known about the uptake and uncoating of influenza B, C, and D viruses. 
Influenza B viruses are more like influenza A viruses as both recognize N-acetylneuraminic 


acid as receptors, while influenza C and D viruses bind to 9-O-acetylated neuraminic acid 
derivatives.°°0°54 Like influenza A viruses, the B- and C-type viruses go through an 
endosome-mediated uncoating process, which requires proteolytic activation (cleavage) of 
the HA or HEF proteins and subsequent fusion of the viral and endosomal membranes. 
Although the viral glycoproteins of both HA and HEF are dependent on a low pH-triggered 
fusion process, the influenza C virus HEF-mediated fusion/uncoating may occur at a higher 
pH in early endosomes.*?”!°7’ The opposite seems to be true for the HEF protein of 
influenza D virus, which has been shown to be relatively acid stable leaving a question mark 
about its specific entry mechanism.!°'4 At this point, the role of CM2 and DM2 in uncoating 
of influenza C and D viruses is less well established than that of the BM2 protein of 
influenza B viruses, which is the homolog of the influenza A virus M2 
protein.272-398.393,460,620,940,945 The NB ion channel of influenza B viruses does not seem to 
be required for virus infectivity in vitro and in vivo.22°°° 


The Hemagglutinin 


Structural features 


Much is’ known’ about the HA’ molecule, and_ excellent reviews are 
available. °.286,399,777,984,985 Th fact, the influenza virus HA has become a model for studies of 
protein folding and trafficking, protein quality control, membrane fusion, protein—receptor 
interactions, and antigen—antibody complexes and, last but not least, for investigating how 
the immune system reacts to a foreign protein. The major functions of the HA are the 
receptor-binding and fusion activities, but there may also be a structural role for the HA in 
budding and particle formation. The HA is a trimeric rod-shaped molecule with the carboxy- 
terminus inserted into the viral membrane and the hydrophilic end projecting as a spike away 
from the viral surface (i.e., a type I integral membrane protein). Early on, it was shown that 
(a) posttranslational modifications of the precursor molecule (i.e., glycosylation and 
palmitoylation), (b) cleavage of the signal peptide in the endoplasmic reticulum (ER), and (c) 
cleavage of the HAO precursor into HA1 and HA2 subunits are required for the full activity 
of the molecule.*°?!°”*” During human infections, HA is cleaved when expressed on the 
cell surface or virus surface by airway proteases potentially including matriptase, 
transmembrane protease, serine 2 (TMPRSS2), and human airway trypsin-like protease 
(HAT).*°7°.282.347 EAs with a polybasic cleavage site, for example from specific H5 and H7 
strains, can also be cleaved in the Golgi apparatus by furin/furin-like proteases.°*? In cell 
culture, tosyl phenylalanyl chloromethyl ketone (TPCK)-treated trypsin is usually added to 
culture medium to facilitate cleavage. The attachment of N-linked glycans is also a very 
important posttranslational modification for the viral HA. N-linked glycosylation sites in the 
stalk domain are conserved within groups/subtypes and contribute to protein folding and 
stability. Glycosylation of the head domain is more variable between strains and subtypes and 
plays an important role in immune evasion and pathogenicity.°9* 


The first x-ray crystallographic structure of an HA (the ectodomain released from the 
virus by bromelain treatment) was resolved in 1981 by Wilson et al.° At that time, the HA 
(from A/Aichi/68 [H3N2] virus) was the largest biological molecule for which a structure 
had been resolved, and it started an unprecedented drive to study the structure/function 
relationships of biologically important molecules, which continues unabated to this day. The 
structures of numerous HAs have now been resolved, including the subtype 1 HA molecules 
of the 1918 and 2009 pandemic influenza viruses*®°.847,9®9 and that of an H2 subtype HA 
(Fig. 14.9).9°° Remarkably, even though the overall amino acid sequence identity can be less 
than 50%, the structure and functions of these HAs are highly conserved. This represents a 
case of evolution and sequence variation proceeding to an extreme level while structure and 
function have remained conserved. Even more surprising is that the structure of the influenza 
B virus HA is similar to that of influenza A virus HA despite sharing only approximately 
25% sequence identity.2°+°44 


The crystallographic structure of the uncleaved influenza A virus HA is superimposable 
onto that of the cleaved HA1 and HA2, with the exception of the amino acids adjacent to the 
cleavage site. The major features of the structure are (a) a long fibrous stem, which is made 
up of a triple-stranded coiled coil of a-helices derived from the ectodomain of the three HA2 
parts of the molecule (helix A and helix B; Fig. 14.9) and the N-terminal and C-terminal 
portions of HA1, and (b) the globular head, which is also made up of three identical domains 
whose sequences are derived from the central region (C52—C277 in H3 numbering) of the 
HA1 of the three monomers. 


A major function of HA is binding to receptors and the receptor-binding site lies within 
the globular head of the molecule. This site has been defined through crystallization and 
structure analysis of HA-—receptor complexes, as well as by mutational analysis. In the H3- 
subtype viruses, it appears that within the receptor-binding pocket of an avian HA, a 
glutamine in position 226 and a glycine in position 228 preferentially accommodate the 2,3- 
linked sialic acid, whereas leucine and serine in these positions in human H3 HAs 
preferentially accommodate the 2,6-linked sialic acid (Fig. 14.10).'®°°%* (See the previous 
section on Attachment for more details.) Similar receptor-specificity defining amino acids 
have been characterized for many influenza A HA subtypes. 


The second major function of the HA is acid pH-triggered fusion, which is required for 
the uncoating process. Low pH treatment changes the structure of the HA dramatically. The 
molecule becomes susceptible to protease digestion, and the disulfide bond linking the HA1 
and HA2 subunits becomes susceptible to mercaptoethanol.°*°°*4 However, the important 
feature of the acid pH—mediated change is that the fusion peptide becomes aligned 
antiparallel to the membrane anchor of the HA2 (Fig. 14.11). The end result is that the fusion 
peptide brings the endosomal membrane into juxtaposition with the viral membrane, leading 
to fusion. The presence of more than one hemagglutinin then leads to the formation of a 
fusion pore through which the RNPs can enter the cytoplasm (Fig. 14.12). Structures of the 
postfusion HA as well as an early fusion intermediate have helped to reveal the molecular 
details of the changes that occur during the transition from pre- to postfusion state.9°°9! The 


dynamics of the fusion process have recently been further elucidated using 
cryoelectronmicroscopy, cryotomography, and single-molecule FRET./°>!”® Structures of the 
fusion peptide in lipid environments have been resolved by nuclear magnetic resonance 
(NMR) and show that the peptide forms a tight helical hairpin structure that angles back on 
itself.248-497551,980 This hook structure may help to pull the endosomal membrane close to the 
viral membrane, resulting in the initiation of the actual fusion process. 


Another important structural element (c) of the HA is the TMD, which is relatively 
conserved and consists of a trimeric helical bundle. The TMD is connected to the ectodomain 
by a short, flexible linker, which allows the HA ectodomain to tilt more than 25 degrees, 
which is likely needed to facilitate structural rearrangements during fusion.°! 


The last major structural element of the HA, the cytoplasmic tail (d), is highly conserved 
among all subtypes. There are three cysteines that are palmitoylated (with one of them 
located in the TMD). The role of this cytoplasmic tail (and the palmitates attached to the 


cysteines) is not entirely clear due to subtype- and cell/host-specific differences. !2°437978.1049 


Antigenic determinants 


In addition to having an important role in receptor binding, fusion, and assembly, the 
influenza virus HA is also the major determinant recognized by the adaptive immune system 
of the host. Following infection and replication, a vigorous immune response is induced, 
which usually results in the formation of neutralizing antibodies.*°° These antibodies then 
lead to the selection of “antibody escape” variants. The amino acids undergoing change are 
almost exclusively on the globular head domain (and on the outside of the molecule). Many 
of these changes get fixed (accumulate over time), defining the antigenic drift of influenza 
viruses. Using insertion and mutagenesis libraries as well as evolutionary analysis, it has also 
been shown that the head domain of influenza A virus HA is highly plastic as compared to 
the conserved stalk domain and tolerates drastic changes enabling fast antigenic drift (Fig. 
14.13),707369.465 Using the same methods, the influenza B virus HA head domain was shown 
to be less tolerant to changes than its A counterpart.2”>*°° 
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FIGURE 14.13 Relative tolerance to insertions in the head (red) of the influenza 
A virus hemagglutinin versus the stalk (green) (A and B). Plots represent 
individual insertion sites. Individual insertions in the input (C) and after rescue 
(D) of viruses are represented by different colors; the thickness of the lines is 
representative of the proportion in the population. (The figure was kindly 


provided by Drs. Nicholas Heaton and Peter Palese.) For details, see Ref.269 


Fab antibody fragments have been shown to bind to different regions of the HA head 
(Fig. 14.14) and, interestingly, not in all cases do three Fabs bind to one trimeric spike (3:1 
ratio). Examples have been found where only one Fab molecule binds to one HA spike (1:1 
ratio) or where just two Fab molecules bind to a trimeric spike (2:1 ratio) (Fig. 14.14).47! In 
the latter case, the two Fab fragments cross-link two monomers so that the HA molecule 


cannot undergo an acid pH-induced conformational change.*’! Attempts have also been 


made to measure antigenic evolution of influenza virus strains by pairwise comparison of 
256,259 


hemagglutination inhibition assay titers. 


A 


FIGURE 14.14 Ribbon diagram of H3 hemagglutinin (HA) in complex with 


Fab molecules. A and B:The first two complexes are examples where three Fab 
molecules (shown in green) are bound per HA trimer (i.e., one per HA 
monomer). C: The third complex has only two Fab molecules bound as the third 


is blocked by steric hindrance. For details, see Ref.47! (Courtesy of John Skehel 
and Rupert Russell.) D: Crystal structure of antibody CR8020 bound to the H3 
hemagglutinin. CR8020 binds an epitope on the hemagglutinin (HA) stem and 
has broad neutralizing activity against multiple group 2 influenza A viruses, 
including H3, H7, and H10. One monomer from the HA trimer is depicted in 
yellow and green (HA1 and HA2 subunits, respectively) and CR8020 is colored 
blue and cyan (heavy chain and light chain, respectively). N-linked 
carbohydrates are represented as pink van der Waals spheres. See for details 


Ref.222 (Courtesy of Damian Ekiert and Ian A. Wilson.) 


Unexpectedly, broadly cross-reactive monoclonal antibodies have been identified, which 
do not bind to the tip of the HA molecules but also have neutralizing activity. These 
antibodies are directed against the conserved stalk region of the HA spike and recognize the 
membrane-proximal part of HA1 in combination with HA2 or the HA2 alone (Fig. 14.14). In 
general, these antibodies recognize HAs within either group 12754°-678:863,873,885 67 group 
2,723,264,943 However, very rare cross-group monoclonal antibodies!+!6°7°.4%4,982 and one 
monoclonal antibody that binds to influenza A and B virus HA have also been isolated.*” 
These cross-reactive antistalk antibodies protect from influenza virus infection via several 
mechanisms including by blocking conformational rearrangements associated with 
membrane fusion (antifusion vs. hemagglutination inhibition activity), by blocking viral 
egress, by blocking the function of the viral NA via steric hindrance, and by inhibiting the 
cleavage of HAO and, importantly, via Fc-Fc _ receptor—mediated effector 
functions.’?:!9°874.972 A number of antibodies that broadly bind to the head domain of HA 
have been isolated as well. These antibodies target the conserved sialic acid—binding site or a 
conserved area at the trimer interface of the head domain.***°!79®° Antihead cross-reactive 
antibodies seem to be more prevalent for influenza B HA than for A HA, likely due to the 
higher conservation of influenza B virus HA.®’* Universal influenza virus vaccine 
approaches that target conserved epitopes in the stalk and/or head domain are currently being 
tested in preclinical and early clinical trials.4°>°4%°9 


The HEF of Influenza C and D Viruses 


In contrast to the HA of influenza A and B viruses, the major glycoprotein of the C and D 
viruses has receptor-destroying activity. This is mediated by HEF’s esterase activity, which 
cleaves off an acetyl group at position 9 of the neuraminic (sialic) acid receptor, eliminating 
the ligand.®°! This activity is important for entry of the virus, implying a role in releasing the 


incoming virus from the receptor so that the uncoating process can begin.®°*9*° Thus, in 
addition to receptor-binding (hemagglutination) and fusion activities, the molecule also has 
esterase activity, hence the name HEF.*°° Although there is only about a 12% sequence 
identity between HAs and HEF, the overall structure of the molecule is similar, as was shown 
by x-ray crystallographic analysis.’°°8°4 Even more surprising are structural and sequence 
similarities between influenza virus HEF and some coronavirus esterases. 1°77 


The M2 Protein 


The M2 protein of influenza A viruses is a tetrameric type III (lacking a signal peptide 
sequence) integral membrane protein. It has a short ectodomain, a TMD, and a cytoplasmic 
domain with palmitate and phosphate modifications.°°””!””°4 M2 has been shown to possess 
ion channel activity, and its major role is thought to be that of conducting protons from the 
acidified endosomes into the interior of the virus to dissociate the RNP complexes from the 
rest of the viral components, thus facilitating the uncoating process (see earlier section on 
Fusion and Uncoating). The structural and genetic analyses of the M2 protein have revealed 
that the ion channel is acid gated (but not voltage gated) and highly selective for H* and K* 
ions. /21138,618,619,660,840 The structures of the transmembrane regions of M2 and of those that 
include the cytoplasmic sequences reveal a good understanding of the mechanism of proton 
conductance, which is controlled by _ the histidine-37 and _ tryptophan-41 
cluster, }104,405,657,790,803,850,883 The transmembrane region, when viewed from the top, shows 
four helices that sit at an angle in the lipid bilayer, forming a pore (Fig. 14.15). Structural 
studies on M2 in complex with adamantine drugs indicate two potential sites of interaction. 
In the x-ray structure, a single drug molecule binds to the core of the pore.®°° In contrast, the 
NMR structure shows four drug molecules binding to the lipid-exposed surface of the 
channel close to the cytoplasmic ends of the helices.”?? More recent data confirm the 
existence of these two interaction sites and propose that both drug-binding mechanisms may 
have physiologic significance.!°+*°* The structure and the precise function of the 
extracellular portion of the M2 protein remain to be resolved. This external portion of M2 has 
been considered as the basis of a universal influenza virus vaccine approach because the M2 
protein maintains a relatively conserved sequence over long periods of time.”°° 


FIGURE 14.15 Structure of the tetrameric M2 ion channel. A: As seen from 
the top, four helices sit at an angle in the lipid membrane forming a pore. The 
backbone structure was determined by solid-state nuclear magnetic resonance 
(NMR) spectroscopy of the aligned bilayers. The histidine-37 and the 
tryptophan-41 side chains form the bottom of the pore in the closed state at 


neutral pH. For details, see Ref.°©9 (Courtesy of Tim Cross.) B: X-ray structure 
of the transmembrane section of the M2 proton channel. The protein backbone is 
shown as a cartoon, viewed from across the viral membrane (lipid molecules and 
one of the monomers are not shown). Cyan spheres represent 
crystallographically resolved water molecules, which are stepping stones in 
possible proton conduction pathways. The three most important groups of side 
chains (the Val27-valve [blue], the His37-box [orange], and the Trp41-basket 
[magenta]) are shown in sticks. The three-dimensional density of water at 37°C, 
calculated from molecular dynamics simulations, is drawn as a gray contour. See 


Ref.! for details. (Courtesy of Giacomo Fiorin.) 


The ion channel activity of M2 has also been implicated in stabilizing HAs from 
premature low pH transitions in the trans-Golgi network, but this second function may only 
come into play for viruses carrying highly acid-sensitive HAs.'*° This is the case for some 
strains of H5 and H7 HAs, which have a multibasic cleavage site that can be cleaved by 


ubiquitous proteases and are therefore more susceptible to a premature low pH-induced 
conformational change. Further functions attributed to the M2 protein include roles in 
particle  morphology,?!947779797768 = genome __ packaging,?!9477°87, membrane 
scission?’?7°7:’©9 (see Assembly and Release), and inhibition of autophagy.*°” M2 expression 
also activates the inflammasome via the NLRP3 pathway.*44418 


Influenza Virus Transcription and Replication 


Overview 


After uncoating, the viral ribonucleoproteins (VRNPs) are transported into the nucleus, and 
the incoming negative-sense vRNAs are transcribed into mRNA by a primer-dependent 
mechanism. These mRNA products are incomplete copies of the vVRNA templates and are 
capped and polyadenylated, unlike VRNA. Replication occurs via a two-step process. A full- 
length, positive-sense copy of the vRNA is first made, which is referred to as complementary 
RNA (cRNA), and is in turn used as a template to produce more vRNA. 


Nuclear Import of Ribonucleoproteins 


One of the characteristics of the influenza virus life cycle is its dependence on nuclear 
functions. All VRNA synthesis occurs in the nucleus, and the trafficking of the viral genome 
into and out of the nucleus is a tightly regulated process.’*!”? The eight influenza virus 
genome segments never exist as naked RNAs but are associated with four viral proteins to 
form vRNP complexes. The major viral protein in the RNP complex is the nucleoprotein 
(NP), which coats the RNA. The remaining proteins are the three polymerase proteins (PB1, 
PB2, and PA), which bind to the partially complementary ends of the VRNA. RNPs (10—20 
nm wide)°’’ are considered too large to allow for passive diffusion into the nucleus, and 
therefore they must rely on an active nuclear import mechanism. All proteins in the RNP 
complex possess nuclear localization signals (NLSs), which mediate their interaction with the 
nuclear import machinery.*40.672,044,830,939,956 However, the signals on NP have been shown 
to be both sufficient and necessary for the import of VRNA.2°17,699,669,682 


NP interactions with importin-a 


The transport of proteins across the nuclear membrane is an energy-driven process that is 
initiated upon recognition of an NLS-containing cargo protein by members of the importin-@ 
(also called karyopherin-@) family. Importin-a binds directly to the NLS and then recruits 
importin-B into a trimeric complex, which docks at the nuclear pore (Fig. 14.16A). 
Interestingly, the NP NLS-binding site on importin-a is distinct from that of classical NLS- 
containing proteins and relies on a low affinity—high avidity interaction with the nuclear 
import machinery.!/*°?>-°9-899 One could postulate that this serves to avoid competition for 
importin-a binding with host proteins and may explain the use of an unconventional NLS. 
There is also evidence that differential interactions with human versus avian importin-a 


proteins may determine species specificity of influenza viruses.*”°:77" 
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FIGURE 14.16 


A: Illustration of influenza viral ribonucleoprotein (RNP) nuclear import. Viral RNPs (shown 
as viral RNA [VRNA] wrapped around nucleoprotein [NP]) are imported into the nucleus by 
an energy-dependent process, requiring interactions with soluble host factors. NP interacts 
with importin-@ via its nuclear localization signals. Importin-a binds to importin-6, which 
mediates the interaction with proteins of the nuclear pore. For details, see Ref.!”° 


B: Illustration of influenza viral ribonucleoprotein (RNP) nuclear export. The nuclear export 
of newly synthesized viral RNP complexes is mediated by the viral nuclear export protein 
(NEP). NEP interacts with a cellular export factor, Crm1, and with the viral RNPs via the M1 
protein. This interaction with the cellular export machinery facilitates the transport of the 
viral genome through the nuclear pore and into the cytoplasm. 


The Viral Ribonucleoprotein Template 


Each vRNA segment exists as an RNP complex in which the RNA is coated with NP and 
forms a helical hairpin that is bound on one end by the heterotrimeric polymerase 
complex.’!*-’4° NP is an arginine-rich protein and has a net positive charge (at pH 6.5), 
which reflects its RNA-binding activity and its primary role in encapsidation.’*° The 
RNA/NP interaction is thought to be mediated by the positively charged residues on NP and 
the negatively charged phosphate backbone of the RNA, and thus there is no apparent 
sequence specificity to the interaction.*°72° The RNA within the influenza virus RNP also 
remains sensitive to digestion with RNase and chemical modifications,*°”*”° supporting the 
model that the bases are exposed so that they can be accessed by the polymerase without 
disrupting the RNP structure.*? Approximately 24 nucleotides of RNA are bound by each NP 


monomer,°®! and NP also has homo-oligomerization properties,’°* which adds structure to 


the RNP complex. This is maintained even in the absence of RNA?°”,’*?:77> and has been 
shown to be crucial for maintaining the RNP in a transcriptionally active form.!!%*9 Crystal 
structures of NP show that it is composed of a head domain and body domain and that a 
flexible tail loop mediates oligomerization.©®° °° A potential RNA-binding groove, which is 
highly positively charged, has been identified between the head and body domains.!°°° 
Structural data based on EM also provide evidence that NP makes direct contact with the 
bound polymerase complex on the RNP,!?!°9°’” which may reflect the previously reported 
interaction of free NP with both PB1 and PB2.°’ Mutagenesis and mapping of conserved 
residues in NP indicate the regions that are involved in genome replication/transcription and 
also genome packaging.72°71939.615,967 


The RNA Polymerase Complex 


The influenza virus RNA-dependent RNA polymerase is a 270-kD complex of three proteins: 
PB1, PB2, and PA.”’” Three-dimensional images of the complex obtained by EM and x-ray 


analyses indicate that the three subunits are tightly associated to form a compact structure 
(Fig. 14.17),19374712,713,743,895 
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FIGURE 14.17 Structure of the heterotrimeric influenza polymerase, bound 
to the viral RNA promotor (ribbon representation, color-coded according to 
the scheme above). The 3’ end of the promotor is shown in yellow and the 5’ end 
in pink. The domain organization of the subunits is shown above. (Courtesy of 
Maria Lukarska and Stephen Cusack, European Molecular Biology Laboratory.) 


The PB1 proteinThe PB1 protein catalyzes the sequential addition of nucleotides during 
RNA chain elongation’’ and contains the conserved motifs characteristic of RNA-dependent 
RNA polymerases.°® The active site for the polymerization activity is an S-D-D motif at 
positions 444 to 446.°° The PB1, or more precisely the polymerase core, consisting of the 


PB1, the C-terminal domain of PA (PA-C), and the N-terminal domain of PB2 (PB2-N), is 
also responsible for binding to the terminal ends of both vVRNA?!*°?” and cRNA?!° for 
initiation of transcription and replication (Fig. 14.18).71%7*? 
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FIGURE 14.18 Schematic representation of the transcription cycle of 
influenza polymerase. A: Cap snatching: association with the Ser5- 
phosphorylated C-terminal domain of RNA polymerase II brings the influenza 
virus polymerase in proximity to the nascent capped transcript, which is 
recognized by the PB2 cap-binding site and cleaved by the endonuclease activity 
around 10 to 15 nucleotides after the cap. The conserved ends of the viral RNA 
are bound to the polymerase (pink and yellow for 5’ and 3' end, respectively). 
B: Transcription initiation: the cap-binding domain rotates by about 70 degrees 
to direct the capped RNA primer into the active site of the polymerase, where it 
serves to initiate transcription of the VRNA segment at the 3’ end of the template 
(yellow). C: Elongation: incorporation of NTPs leads to elongation of the 
capped transcript and __ translocation of — the template. D: 
Termination/polyadenylation: near the end of the template, the polymerase 
stutters over a oligouridine stretch, while the 5’ hook remains tightly bound to the 


polymerase, producing a poly(A) tail. E: The product of the transcription cycle is 
a hybrid RNA, containing a cap and a host-derived sequence at its 5’ end (red), 
the coding sequence of the viral segment (blue) and poly(A) tail. (Courtesy of 
Maria Lukarska and Stephen Cusack, European Molecular Biology Laboratory.) 


The PB2 protein 


The PB2 protein plays a critical role in the initiation of transcription as it is responsible for 
binding the cap on host pre-mRNA molecules (Figs. 14.17 and 14.18).°-7!39°4 Despite 
earlier discrepancy in the position of the binding site, it has now been shown that a domain 
encompassing PB2 residues 318 to 483 is sufficient for cap binding**’ and confirms the 
findings of a mutagenesis study that identified two aromatic residues (F363 and F404) as 
being important for the interaction.*“° PB2 has also been shown to localize to mitochondria, 
and this is determined by an N-terminal mitochondrial-targeting signal.''* However, avian 
influenza viruses have a polymorphism in this signal, so it appears that mitochondrial 
localization of PB2 is unique to human influenza viruses.*!’ Finally, as well as interacting 


with PB1 via its N-terminus,°°° the PB2 is also reported to interact with PA.?”° The PB2 also 
participates in genome replication as mutations affecting this activity but not transcription 
have been reported.*?9 


The PA protein 


Until several years ago, the specific function of PA was unknown, but crystal structures of the 
N-terminal domain revealed that the endonuclease activity of the polymerase, which is 
required to generate the capped primer, resides in the PA protein (Figs. 14.17 and 
14.18),194712,1017 previous work had mistakenly attributed this function to the PB1 protein. 
In the structure, the fold and position of the active site identify the PA endonuclease as a 
member of the PD-(D/E)XK family of nucleases. The catalytic site involves residues His 41, 
Glu 80, Asp 108, Glu 119, and Lys 134 and harbors two Mn®*) ions.!”°!9! Mutation of these 
residues abolishes the transcriptional activity of the trimeric polymerase, but replication 
activity is unaffected, confirming the specific role of the endonuclease in viral 
transcription.‘”°'°!7 PA does, however, participate in genome replication as mutations 
affecting this process have been described.*°**!° In addition to encoding nuclease function, 
the N-terminus of PA (aa 1-100) is also involved in an interaction with PB2,°”? while the C- 
terminus makes contact with PB1.7!° 


The vRNA Promoter 


All influenza virus RNA segments contain noncoding sequences at their 5’ and 3’ ends, which 


flank the coding region. Some of this sequence is segment specific,!°°° but the terminal ends 
are highly conserved between all segments in all influenza viruses. These conserved 13 


nucleotides at the 5’ end and 12 nucleotides at the 3’ end display partial and inverted 
complementarity, which led to the proposal of a panhandle structure created by base pairing 


of the 5’ and 3’ ends.'®°:”°® This is supported by cross-linking experiments that demonstrated 
a circular configuration for virion RNAs** as well as by more recent structural 
analyses.*?’” The panhandle model was refined to incorporate a fork model and a corkscrew 
style conformation.**? Studies using in vitro transcription of model RNA templates or 
reporter gene expression in vivo have shown that both 5’- and 3’-terminal ends are necessary 
for promoter activity and that base pairing is required.*°°°*? Furthermore, it has been 
demonstrated that the polymerase can interact with both 5’ and 3’ ends and that the binding 
affinity decreases when the duplex is disrupted.2°*7!29470887 A full understanding of the 
promoter has been obtained following the successful x-ray analysis of the bat influenza virus 
polymerase complex by S. Cusack and his group (Fig. 14.19).°9°:”4:75989! These data define 
the vRNA promoter as an element that features a double-stranded region created by pairing 
between 5’ and 3’ ends, forking of ssRNA for the 5’ end and a hairpin on the 5’ end making a 
partial corkscrew.°°*:7!2749 
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FIGURE 14.19 A: Structure of the VRNA promotor, bound to the polymerase, 
showing the 5’ hook and the distal base-pairing region between the 5’ and 3' 
ends. B:Schematic diagram of the 5’ and 3’ end of the VRNA promotor, with base 
pairing indicated with lines. (Courtesy of Maria Lukarska and Stephen Cusack, 
European Molecular Biology Laboratory.) 


While the need for base pairing of the 5’ and 3’ ends is clear, the stem-loop structures are 


also involved in binding and stabilizing the polymerase complex.® 


Initiation of Messenger RNA Synthesis 


Influenza virus MRNA synthesis is dependent on cellular RNA polymerase II activity. This is 
because it requires a 5'-capped primer, which it steals from host pre-mRNA transcripts, to 
initiate its own mRNA synthesis.’*! This process is known as cap snatching and involves the 
cap-binding function of the PB2 protein and endonuclease function of the PA protein. The 
initiation of transcription commences with binding of the 5’ end of the vRNA to the PB1 
subunit (Fig. 14.18). This induces an allosteric change in the polymerase, which allows the 
PB2 protein to recognize and bind the cap structure on host pre-mRNAs.!*°.2°9997,713 This 
structural change in the polymerase also increases its affinity for the 3’ VRNA end, which is 
bound by PB1. Endonuclease activation leads to cleavage of the bound mRNAs and small 
nuclear RNAs.***4’9 This occurs approximately 10 to 14 nucleotides from their 5’ caps, 
usually after a purine residue.**’*! Transcription is then initiated by the addition of a “G” 
residue to the primer, directed by the penultimate “C” nucleotide at the 3’ end of the VRNA 
template, although in some instances the incorporation of a “C” that is directed by the “G” 
at position 3 in the VRNA has also been observed.*°° Unlike influenza viruses, Thogoto 
viruses lack host-derived sequences at the 5’ end of their capped mRNAs.’°? RNA chain 
elongation is catalyzed by the polymerase function of PB1 and continues until a stretch of 
uridine residues is encountered approximately 16 nucleotides before the 5’ end of the 
VRNA.°?>°7°9 This is the signal for polyadenylation (Fig. 14.18).”!° 


Polyadenylation 


Unlike host cells, which use a specific poly(A) polymerase for generating the poly(A) tail on 
mRNA transcripts, polyadenylation of influenza virus mRNAs is catalyzed by the same 
polymerase that is used for transcription. This activity is dependent on an uninterrupted 
stretch of five to seven “U” residues and the adjacent double-stranded region of the VRNA 
promoter.°°>°°””°? The current model proposes that the 5’ end of the VRNA remains bound to 
the polymerase during elongation while the template is threaded through in a 3’ to 5’ direction 
(Fig. 14.18).”'° In support of this model, mutations introduced into the 5’ end of the VRNA 
that prevent or weaken polymerase binding have been shown to also _ inhibit 
polyadenylation.*°*:’*°.’2*,773 The polyadenylation signal is vital for gene expression as 
replacement of the uridines with adenosines has been shown to result in transcripts with 
poly(U) tails, which fail to be properly exported from the nucleus.’~* 


Splicing 


Members of the Orthomyxovirus family can extend the coding capacity of their genomes by 
producing two proteins from one gene via an alternative splicing mechanism. 
Orthomyxovirus genome segments that encode proteins from both spliced and unspliced 


mRNA transcripts include segments 7 and 8 of influenza A virus,°°+°°’ segment 8 of 


influenza B virus,°* segments 6 and 7 of influenza C virus,°°®99* segment 6 of Thogoto 
virus,*’* and segment 7 of isavirus°® (see Genome Structure and Organization section). The 
primary transcripts from these segments have 5’ and 3’ splice sites, which (more or less) fit 
the consensus sequence for the exon/intron boundaries of cellular transcripts. This, combined 
with the fact that splicing can be demonstrated in the absence of any viral proteins,°°°"° 
indicates that the virus is using the cellular splicing machinery. However, unlike cellular 
splicing, which is extremely efficient, splicing of viral mRNA has to be relatively inefficient 
because proteins must be expressed from both spliced and unspliced mRNAs. In influenza 
virus—infected cells, splicing is tightly regulated such that the steady-state level of spliced 
viral transcripts is only 10% that of the unspliced viral transcripts.°°%°°” These control 
mechanisms may act on several different levels. The rate of nuclear export of the unspliced 
transcript is certainly crucial as this determines its availability for splicing. It has been 
proposed that the NS1 protein inhibits both the splicing and nuclear export of NS1 transcripts 
via negative feedback,”*°" but contradictory reports”! suggest that alternative mechanisms 
may exist for regulating splicing of viral transcripts. Potentially, these may involve cis-acting 
sequences in the NS1 transcript that negatively control the rate of splicing.?°*® Strangely, the 
influenza C virus NS1 protein (C/NS1) has been reported to up-regulate viral mRNA 
splicing.°*° Splicing of the influenza A virus M1 transcript is controlled by the 
aforementioned rate of nuclear export?°° as well as by the viral polymerase and a cellular 
splicing factor, SF2/ASF. The polymerase determines the time at which splicing (and hence 
production of M2) occurs and SF2/ASF is required to activate splicing.'+°!% Other host 
proteins have also been shown to modulate splicing of influenza virus RNAs.7°2884.899 


Replication Products: CRNA and vRNA 


Full-length copies of the incoming vVRNAs have to be made, and these positive-sense CRNAs 
serve as templates for the synthesis of new negative-sense genomic vRNAs. The cRNA 
promoter is complementary to the vRNA promoter and has also been reported to assume a 
corkscrew configuration, albeit with subtle differences.2?!74°7;/?1096 This variation has 
been implicated in determining whether or not the endonuclease function of the polymerase 
is activated and therefore may play an important regulatory role.?!° 


The Switch from Transcription to Replication 


The vRNA serves as a template for both mRNA and cRNA synthesis, and yet the means of 
initiation and termination for the generation of these two molecules are quite different. In 
contrast to the primer-dependent mechanism of initiation of mRNA synthesis, initiation of 
cRNA synthesis occurs without a capped primer, and CRNA molecules are full-length copies 
of the vVRNA and thus are not prematurely terminated and polyadenylated as are mRNAs. 
The different initiation and termination reactions therefore have to be coordinated, but 
exactly how the polymerase switches between these two modes is still not well understood. It 


has been proposed that the transcription-competent polymerase is structurally different from 
the replication-competent polymerase. Support comes from evidence that different domains 
of PB1 are involved in binding VRNA versus cRNA and that PA is more critical for binding 
the cRNA than the vRNA promoter.?!*/4904877,882 Qne obvious difference is that the cap- 
binding and endonuclease functions of PB2 and PA, respectively, are not required when the 
polymerase is in replication mode. 


In contrast to mRNAs, newly synthesized cRNAs and vRNAs are encapsidated. It has 
been proposed that the availability of soluble NP (i.e., not associated with RNPs) controls the 
switch between mRNA and cRNA synthesis. This hypothesis arose from the observation that 
replication is dependent on de novo protein synthesis, which means that the incoming RNPs 
are only capable of transcription.*° Indeed, free NP has been shown to be required for 
production of full-length cRNA (antitermination),* and this is consistent with data from 
temperature-sensitive (ts) NP mutants,*°9°°!8°* which show that cRNA but not mRNA 
synthesis is affected at the nonpermissive temperature. However, this model has been 
challenged by a report demonstrating that overexpressed NP does not promote replication.°*4 
Another study disputes the existence of a switch, instead suggesting a stabilization role for 
NP and the polymerase.’*° This model claims that the incoming polymerase is able to 
synthesize both mRNA and cRNA,*** but until there is a sufficient pool of polymerase and 
NP to encapsidate the CRNA, it is degraded and therefore at early times postinfection there is 
a bias toward mRNA accumulation. Also, requirements for higher nucleotide concentrations 
to initiate CRNA synthesis may determine the timing of transcription versus replication.?~° 
Furthermore, the accumulation of NEP is associated with a decrease in transcription and an 
increase in replication, suggesting a regulatory role.°”’°* Interestingly, NEP is also required 
for the generation of small viral RNAs (svRNAs), which have been implicated in the 
initiation of VRNA synthesis.’°° The svRNAs are 22 to 27 nt in length and correspond to the 
5’ end of each VRNA segment. These segment-specific svVRNAs are needed for VRNA but not 
cRNA synthesis, so according to this model the polymerase is in replication mode when these 
sVRNAs are present. It has also been proposed that the switch from transcription to 
replication is the result of accumulation of a newly synthesized free polymerase complex, 
which enhances CRNA to vRNA synthesis (and vice versa) over MRNA synthesis.**! The role 
of host factors in regulating influenza virus replication, including posttranslational 
modification of viral proteins, should also be considered.©?:134442942,984,607,609, 611,612 


Regulation of Viral Gene Expression 


Early studies have provided evidence for temporal regulation of viral gene expression,°©?°~9 


but the mechanism(s) is (are) still unresolved. Disproportionate accumulation of mRNAs 
from the different segments has been observed, but whether this represents specific up- 
regulation of transcription for these segments??**°” or reflects different rates of VRNA 
synthesis®?.89 or RNA stability is unclear. Regardless, the synthesis of NP and NS1 mRNAs 
and protein is favored at early stages, whereas the synthesis of HA, NA, and particularly M1 


mRNAs and proteins is delayed.*°7°°".891,829 This differential expression is mirrored by the 
roles these proteins play at different points in the virus life cycle. As discussed earlier, NP is 
required for replication and NS1 plays a crucial role in combating the host immune response; 
thus, both of these proteins are needed early in the virus life cycle. M1 has been found to 
inhibit viral transcription,”°”°*” which demands its delayed expression, and at later stages, 
M1 accumulation probably dictates the arrest of viral MRNA synthesis. M1 is also involved 
in the export of RNPs from the nucleus,°?’° which must only occur once replication is 
complete. 


Another control mechanism for differential gene expression resides in the vRNA 
promoter. A natural variation is found at position 4 from the 3’ vRNA end in an otherwise 
totally conserved region. The PB1, PB2, and PA RNA segments have a “C” at this position, 
while the remaining segments usually have a “U.” The C4-containing promoter is associated 
with a down-regulation in transcription and an up-regulation in replication compared to the 
U4 promoter,?*? which correlates with the lower amounts of polymerase mRNAs and 
proteins found in infected cells.*°8*° A structural analysis of the C4 and U4 promoters has 
revealed differences that may alter their interaction with the polymerase and thereby regulate 


gene expression.°!© 


As observed with many other viruses, influenza virus gene expression is also controlled 
at the level of translation. This is achieved via numerous mechanisms and results in the 
selective translation of viral genes and suppression of host protein synthesis.7°197410 These 
mechanisms include (a) degradation of host pre-mRNAs following cleavage (due to cap 
snatching), (b) inhibition of host mRNA processing, (c) degradation of cellular RNA 
polymerase II, and (d) preferential translation of viral mRNA transcripts. Several of these 
processes involve the influenza virus NS1 and PA-X proteins. The NS1-mediated and PA-X— 
mediated effects on mRNA processing are discussed in a later section (see below). NS1 is 
also involved in the specific translational enhancement of viral mRNAs through its 
association with the 5’ noncoding region of viral MRNA transcripts and with cellular proteins 
involved in translation initiation.!°°9-°® These include the translation initiation factor e[F4GI 
and poly(A)-binding protein 1, and it has been proposed that this protein complex acts to 
specifically recruit ribosomes to the 5’ end of viral mRNA transcript. Another cellular protein 
that may play a role is GRSF-1, an RNA-binding protein that has been reported to interact 
with the 5’ end of the NP transcript and to stimulate the specific translation of a template 
driven by the NP 5’ noncoding region in a cell-free translation system.4°*°°? Whether this 
interaction is relevant in vivo remains to be determined. 


An interesting model explaining the selective translation of viral mRNAs has been 
proposed suggesting that the viral polymerase complex remains associated with the viral 
mRNA transcript in the cytoplasm. It is thought that this interaction eliminates the need for 
complex formation with eIF4E. Since eIF4E is inactivated in influenza virus—infected 
cells,24! this would explain the selective translation of viral transcripts over cellular 
transcripts. Other components of the translation machinery, such as eIF4A and elF4G, are 


required for influenza viral protein translation.'°°! Although this model is compelling in its 


simplicity, this mechanism is questioned by the finding that viral mRNAs in the cytoplasm 
are devoid of viral polymerase but are associated with cellular cap-binding proteins, 
including eIF4E.°° Clearly, further investigation is required to explain the selective 
translation of viral transcripts in infected cells. 

An additional host shutoff mechanism is controlled by the viral polymerase at the level of 
host transcription. It has been shown that the influenza virus polymerase interacts with the C- 
terminal domain of the large subunit of cellular RNA polymerase II**° and that this 


interaction mediates the degradation of RNA polymerase II at late times postinfection.’°*?7? 
This shutoff mechanism may play a role in viral pathogenicity because attenuated influenza 


viruses have been shown not to induce RNA polymerase II degradation.’”°* Another 
mechanism involves the reduction of free RNA polymerase II due termination defects.4710°4 


Virus Assembly and ReleaseNuclear Export of 
RibonucleoproteinsAssociation of RNP complexes with M1 


Following virus replication, newly formed RNP complexes are assembled in the nucleus 
from which they are then exported into the cytoplasm. Two viral proteins, the matrix (M1) 
protein and the NEP, are involved in directing the nuclear export of RNPs’*!72.416499 in a 
proposed daisy chain model in which M1 binds to the RNP complexes and NEP then binds to 
M1.4°° Our present understanding of this process indicates that M1 associates with RNPs in 
the nucleus, a process potentially facilitated by the host protein clustered mitochondria 
homolog (CLUH).'° This association may actually promote the formation of RNP 
complexes.*°9 M1 makes contact with both the VRNA and NP,*1)!73,64.1006 and evidence that 
M1 also binds to nucleosomes*?*!°9 has led to the hypothesis that M1 interactions cause the 
dissociation of RNP from the nuclear matrix. This agrees with the significant finding that 
nuclear import of M1 is required for subsequent export of RNP complexes.9°°”° 
Furthermore, at high temperatures, heat shock protein 70 is found bound to RNP, which 
prevents association with M1 and results in a block in RNP export.°°*°° It has been reported 
that sumoylation of M1 is essential for its nuclear export function.?°° An alternative to the 
daisy chain model has also recently been proposed in which the C-terminal part of NEP 
interacts with both PB2 and PB1 and facilitates binding of M1 to NP and vRNA.®° In this 
model, the N-terminal part of NEP then interacts with Crm1. This model is attractive since it 
has recently been shown that the polymerase complex can assume different conformations 
when bound to cRNPs and vRNPs.*”? Selective binding of NEP to the vRNP polymerase 
conformation in this model might regulate the export of VRNP versus cCRNPs. 


NEP interacts with the cellular export machinery 


Initial data suggested that M1 alone could control RNP export, but as is the case for import, 
nuclear export of large molecules involves direct interactions with the cellular export 
machinery and no such interactions with M1 had initially been demonstrated. However, NEP 


has been found to interact with the export receptor Crm1°! and several nucleoporins.!7*-°/° 


NEP also associates with M1,*1°-!9°4 so the current model proposes that an RNP—M1—NEP 
complex is formed in the nucleus and that NEP is responsible for recruiting the export 
machinery and directing export of the complex (Fig. 14.16B). In support of this role, it has 
been shown that injection of anti-NEP antibodies into the nucleus of infected cells inhibits 
RNP export,°”? which is also seen in a system using recombinant virus-like particles (VLPs) 
lacking NEP.°°! A methionine/leucine-rich and a leucine-rich nuclear export signal (NES), 
NES1 and NES2, respectively, have been identified in the N-terminus of NEP*°7°7° and 
shown to be critical for RNP export and virus growth.*0742°! NES2 potentially interacts 
directly with Crm1, while NES1’s contribution might be indirect by involving host factor 
chromodomain-helicase-DNA-binding protein 3 (CHD3) since it does not interact with 
Crm1.*°%.407,55! Treatment with leptomycin B, a Crm1 inhibitor, completely inhibits RNP 
export in infected cells, which indicates that export does occur in a Crm1-dependent 
manner.*?0.42695 Interactions between Crm1 and the RNP—M1—NEP complex have been 
shown to occur at chromatin structures rich in Ran nucleotide exchange factor Rccl, a 
protein that generates Ran-GTP, which in turn activates Crm1.!!9°78 


Another viral protein, NP, has also been shown to bind to Crm1 and to the NTF2-related 
export protein 1 (NXT1)'*°.7°° and therefore is proposed to play a role in export as well as 
import. Both this study and another also revealed that RNPs are localized to the periphery of 
the nucleus after leptomycin B treatment but that M1 and NEP retain diffuse nuclear 
staining.*°?°°! The RNPs were shown to colocalize with nuclear lamins just beneath the 
nuclear pore complex, which may represent an intermediate step prior to export through the 
pore.°°! The roles of M1 and NEP are obviously called into question by their differing 
staining pattern compared to RNPs,*”.°°! but this could be explained if only a fraction of the 
total M1 and NEP pool was used for export. In addition to potential involvement of NP in 
nuclear export of VRNPs, an NES on M1 has been identified recently as well. Removal of 
this NES impaired export of RNPs and suggests that M1 might have a more active role in 
nuclear export than previously thought.!°° These findings raise the possibility that redundant 
export mechanisms may exist. Already in the nucleus, the RNP—M1—NEP complexes 
associate with Y-box—binding protein 1 (YB-1), which is coexported from the nucleus and 
likely facilitates interactions with microtubules at microtubule-organizing centers (MTOCs). 
There, the RNPs are thought to be delivered to Rab11a-positive recycling endosomes.*°” 


Regulation of RNP export 


As discussed earlier, the late expression of M1 determines that export takes place only after a 
full round of replication has occurred, therefore preventing premature exit of RNPs from the 
nucleus. The process is also controlled by a number of other mechanisms including the 
enlargement of nuclear pores by caspases induced by virus replication and the slow 
accumulation of NEP in the nucleus due to inefficient splicing.'4*°*! Similarly, control 
mechanisms must also exist to stop the re-entry of RNPs into the nucleus following export. 


Studies with a temperature-sensitive virus (ts51) showed that when grown at the 
nonpermissive temperature, this virus is unable to retain its RNPs in the cytoplasm following 
export.2°° This defect mapped to M1, once again demonstrating the vital role of this 
protein in regulating the nucleocytoplasmic transport of RNPs. It is interesting to note that 
the canonical NEP-binding site on M1 maps to the M1 NLS,‘ which suggests that NEP may 
act to mask the NLS on M1 and therefore prevent the complex from re-entering the nucleus. 
NP is also proposed to cause the cytoplasmic retention of RNPs by binding to filamentous 
actin and thereby anchoring the RNPs in the cytoplasm.'%* All these processes are likely to 
be regulated at some level, and protein modification by phosphorylation is probably involved 
as several studies have reported alterations in M1, NEP, and NP trafficking in the presence of 
kinase inhibitors" 


RNP export in influenza B and C viruses 


Few studies concerning export in influenza B and C viruses have been performed, but it has 
been shown that as with influenza A viruses, the NEP proteins possess nuclear export 
activities.°°° They both have been shown to interact with Crm1 (and a subset of 
nucleoporins), and NES motifs have been defined for each protein. Similar to that of 
influenza A viruses, the influenza C virus NES is composed of two separate leucine-rich 
domains, both of which are required for full activity.°°° In contrast to influenza A virus where 
M1 acts as a bridge between NEP and the RNP complex, the influenza B NEP has been 
proposed to bind directly to the RNP as well as to M1,*7° which suggests that the model for 
export of influenza B virus RNPs may be slightly different than the canonical model for 
influenza A virus. Interestingly, the influenza B virus M1 protein also contains two NES 
motifs that could be involved in export of RNPs.!°° Not much information is available for 
RNP export of influenza D virus, but it can be assumed—based on the genome structure and 
the presence of an M1 and NEP protein—that the mechanisms are likely similar to those for 
influenza C virus.®°° 


The Site of Virus Assembly and Budding 


Influenza viruses assemble and bud from the apical plasma membrane of polarized cells (e.g., 
lung epithelial cells of the infected host)*’”,”°!’”° (Fig. 14.20). This asymmetrical process 
(i.e., apical vs. basolateral) is thought to have an important role in viral pathogenesis and 
tissue tropism. Viruses that bud from the internal cell surface (e.g., Marburg virus) tend to 
cause systemic disease, whereas viruses, such as influenza virus, that bud from the external 
cell surface generally have a more restricted tissue tropism.*** The influenza virus HA, NA, 
and M2 have all been shown to localize to the apical surface of polarized cells when 
expressed alone,*!!-*°9-’”* and apical sorting signals have been identified within the TMDs of 
HA and NA. The vRNPs are thought to arrive at the site of virus assembly and budding in a 
Rab11-dependent manner although the exact mechanism is still unclear.*9 
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FIGURE 14.20 Budding influenza virus particles. Electron micrograph thin- 


section image of influenza virus particles budding from the apical surface of an 
infected cell. (Courtesy of Yi-ying Chou.) 


The M1 protein 


M1 is the most abundant virion protein and lies just beneath the lipid envelope where it is 
believed to make contact with the cytoplasmic tails of the glycoproteins and with the RNPs, 


thereby forming a bridge between the inner core components and the membrane proteins.’ 
Structural analyses indicate that the M1 protein consists of two globular helical domains that 


are linked by a protease-sensitive region.*!°°7:7°9 Rods (6 nm in length) corresponding to M1 
monomers have been observed by negative-stain EM of virions with one end in contact with 
the membrane and the other end pointing toward the interior of the particle.4 These rods form 
an ordered structure consistent with the homo-oligomerization properties of M1101090,1032 
and are arranged such that the positive and negatively charged residues are on opposite sides 
of the oligomer.*!*°* Several reports have documented the ability of M1 to associate with 


lipid membranes,*?!78°:7741026 and as mentioned previously (see section on Nuclear Export 
of Ribonucleoproteins), M1 interacts with both RNPs and NEP. M1 also interacts with the 


cytoplasmic tail of M2.'** Therefore, it is proposed that M1 plays a vital role in assembly by 
recruiting the viral components to the site of assembly at the plasma membrane. 


Assembly of Viral Components 


Following synthesis on membrane-bound ribosomes, the three integral membrane proteins, 


HA, NA, and M2, enter the ER where they are folded and HA and NA are glycosylated. 
There, it is traditionally believed that the HA is assembled into a trimer, assisted by 
membrane protein translocator SEC61, and NA and M2 are assembled into tetramers.!9°°°8 
However, it has recently also been shown that trimer assembly for HA might occur at a later 
stage in the Golgi network.°® Of note, M2 associates with the E3 ubiquitin—protein ligase 
UBR4 in the ER. UBR4 has been shown to be required for effective shuttling of M2 to the 
plasma membrane as is ubiquitination of M2 (but not by UBR4).®°788 Lack of UBR4 or 
ubiquitination leads to transport of M2 to the autophagosome.®°”®98 HA, NA, and M2 are 
subsequently transported to the Golgi apparatus where cysteine residues on HA and M2 are 
palmitoylated in the cis-Golgi network and M2 is acetylated.*4+®°19!3-9!5 For those HAs that 
have a multibasic cleavage site (e.g., some H5 and H7 subtypes), furin cleavage of HA into 
HA1 and HA2 subunits may occur in the trans-Golgi network.°*? From here, HA, NA, and 
M2 are all directed to the virus assembly site on the apical plasma membrane via their apical 
sorting signals. The signals for HA and NA have been described to reside in their 
TMDs.°°499°44976 The TMDs of HA and NA also contain the determinants for association 
with lipid rafts.°°°°°*4 Lipid rafts are proposed to be nonionic detergent-resistant lipid 
microdomains within the plasma membrane that are rich in sphingolipids and cholesterol. 
The significance of lipid rafts/transient lipid nanodomains for virus budding is still 
controversial and an area of ongoing research.?!!°78:798.835 However, the lipid raft model is 
helpful in explaining influenza virus assembly and budding, and examination of the lipid 
content of purified virus particles indicates that influenza virus might bud preferentially from 
these domains.’°41°78 HA and NA individually also selectively accumulate at and are 
incorporated into rafts.49°-’®° Also, it has been shown that reduction of cholesterol levels in 
the plasma membrane impacts negatively on titers of progeny virus, while increases in 
cholesterol levels positively affect titers.°°° The signals for apical sorting and raft association 
both lie within the TMD and are not mutually exclusive.*”!®%-°> Raft association of HA has 
been shown to be essential for efficient virus replication.®°? This is thought to be because of a 
requirement for concentrated “patches” of HA at the plasma membrane, which governs the 
level of HA incorporation into budding particles and subsequently affects fusion. A similar 
scenario holds for raft association of NA, as an optimal amount of NA must be incorporated 
to allow for efficient virus release.*° Coexpression of HA and NA seems to induce raft 
clustering leading to acceleration of their apical transport.°”° It is important to mention that a 
recent study using high-resolution secondary ion mass spectroscopy in fibroblasts found that 
there was no enrichment of cholesterol or sphingolipids in HA clusters on the cell membrane, 
which questions the significance of lipid rafts for influenza virus assembly and budding.9°° 
While not mutually exclusive with lipid raft-based mechanisms, clustering of HA has 
recently also been associated with actin-rich membrane regions (ARMRs) that lacked cofilin 
providing an alternative mechanism for the formation of HA nanoclusters.°*° In contrast to 
HA and NA, the majority of M2 protein is excluded from lipid rafts,!°*° which may reflect its 
low abundance in virus particles. M2 has been shown to bind cholesterol, and this property is 
suggested to target M2 to the raft periphery where it may act to bridge several raft 


domains.’”?! Mutation of the cholesterol recognition/interaction amino acid consensus 
(CRAC) motif in M2 is reported to affect membrane targeting but not raft association,®”? °! 
and in the context of infection, it is shown to attenuate the virus in vivo but not in tissue 
culture.°“® There is also evidence that M2 is involved in capturing the RNPs at the assembly 
site. Experimental evidence for this mechanism was first demonstrated with an influenza B 
virus that lacked BM2 expression and produced particles devoid of RNPs.*!9 Subsequently, 
mutation or truncation of the influenza A virus M2 cytoplasmic tail has been shown to 
correspond with decreased incorporation of genome segments into virions.2!9477987.988.857 


In comparison to the integral membrane proteins, less is known about how the remaining 
viral components reach the assembly site. A long-standing hypothesis is that M1 acts as the 
master recruiter dictated by its position between the viral envelope and the RNP core. This is 
supported by evidence that the availability of M1 affects the timing of assembly and 
maturation, as seen with a virus engineered to express reduced levels of protein from the M 
segment.’* This virus showed no defects in virion protein composition but displayed delayed 
growth kinetics, suggesting that a minimum amount of M1 protein must accumulate before 
assembly can begin. The association of M1 with the RNP—NEP complex is well described 
(see section on Nuclear Export of Ribonucleoproteins), but the specific interaction of M1 
with the membrane-bound glycoproteins has been difficult to prove because of M1’s intrinsic 
membrane-binding properties, which has resulted in some conflicting reports.2?*°71076 
However, it was noted that in influenza virus—infected cells, M1 becomes resistant to 
extraction with Triton X-100 (a marker for lipid raft association), whereas M1 expressed 
alone remains soluble.®!°7° This suggested a role for other viral proteins, and indeed, 
coexpression of HA and NA together with M1 has been shown to promote raft association of 
M1.° This requires the TMDs and cytoplasmic tails of HA and NA,°!°78 and in the absence 
of the cytoplasmic tails of these two proteins, virus particles have been found to be grossly 
distorted, which perhaps indicates reduced M1 association.*°° A recent study using EM, 
electron tomography, and cryoelectron tomography also showed that, while expression of 
HA, NA, or HA and NA led to the formation of particles, only coexpression of the M proteins 
clustered the glycoproteins together into filamentous membrane protrusions and led to the 
formation of particles with characteristics similar to authentic budding virus.!°? 


The hypothetical model for transport of M1 to the plasma membrane proposes that M1 
becomes associated with the glycoproteins during their passage through the exocytic pathway 
and “hitches a ride” to raft domains in the apical membrane. The initial model also proposed 
that M1 was taking the RNP—NEP complex with it. However, the current working hypothesis 
is that the VRNPs use the cytoskeleton to reach the virus assembly site. This is based on the 
finding that RNPs can interact with cytoskeletal components and Rab11.!%°86141218,610 Tp 
this model, VRNP—M1—NEP complexes delivered to microtubules at MTOCs by YB-1 (as 
described above) lead to an interaction between PB2 and Rab11.!~2°°7 Interactions between 
human immunodeficiency virus Rev-binding protein (HRB) and potentially between NP and 
actin might also play a role early in this process.*?'9*7! It is unclear if M1 and NEP 


disassemble from the RNPs at this point or if they stay attached. While costaining of RNPs 
and Rab11 has been observed, interactions with M1 have not been detected in the cytoplasm, 
although M1 can interact with cytoskeletal components.!~*?°!° Rab11 proteins are small 
GTPases that are involved in transport of recycling endosomes. These Rab11a-containing 
recycling endosomes can be transported along microtubules or along actin filaments.?°” This 
might provide an explanation why inhibition of microtubules’*°°? or actin 
filaments!®-49*,7°>-823 on their own does not drastically impact influenza virus replication. It 
remains controversial if Rab11-based RNP transport is mainly microtubule-!*)7°° or actin 
filament—dependent.'®9* However, an intact cytoskeleton has only been found to be 
necessary for the production of filamentous virus particles,”°>®*? so a specific role in 
assembly remains to be confirmed. Interestingly, a recent report suggested that the RNPs are 
transported in a Rablla-dependent manner on infection-induced irregular coated vesicles 
associated with a reorganized tubulated endoplasmatic reticulum that stretches throughout the 
cell to the plasma membrane.!®! Independent of the transport mechanism, it has been 
observed using fluorescent in situ hybridization that different RNPs start to colocalize in the 
cytoplasm. This colocalization is associated with Rab11 and suggests that Rab11-positive 
vesicles facilitate association of different RNPs.'+4°°° It was recently suggested that RNPs 
could then be transferred from Rab11-positive vesicles to the plasma membrane by 
interaction of NP with phosphatidylinositol 4,5-bisphosphate, a component of lipid rafts.4*” 
Finally, there is evidence that NP alone is intrinsically targeted to the apical plasma 
membrane and associates with lipid rafts in a cholesterol-dependent manner, which suggests 
that RNPs could reach the assembly site independently of the cytoskeleton.!'? How exactly 
the RNPs reach the plasma membrane is an ongoing area of research and future studies will 
bring more clarity.!! 


Packaging of Eight RNA Segments 


Correct assembly and packaging of a full complement of RNA genome segments is a 
requirement for a fully infectious virion. The precise mechanism of packaging of the eight 
VRNA segments is still not well understood, although different models have been proposed. 
The first model, the random incorporation model, assumes that a common structural feature 
is present on all VRNAs (vRNPs), which enables them to be randomly incorporated into 
budding virions. This model is supported by evidence that virions may possess more than 
eight VRNPs, ensuring the presence of a full complement of eight vRNPs in a significant 
percentage of virus particles.°°*°*799 Mathematical analysis of packaging suggests that if 
eight RNA segments were randomly packaged into budding virions, only 0.24% of released 
virus particles would be infectious.**4 However, if a greater number of RNA segments were 
randomly packaged, then the percentage of infectious particles increases.°*16%197 

The second model, the selective incorporation model, suggests that each VRNA segment 


acts independently, allowing each segment to be packaged selectively. A similar model has 
been reported for the packaging of the 3 double-stranded RNA (dsRNA) segments of 


bacteriophage-¢6°* and for the packaging of the 11 dsRNA segments of rotavirus (RV).°°° 
This model suggests that each VRNA segment contains a unique “packaging signal” and 
predicts that every virion possesses a full complement of the eight VRNP segments. There is 
increasing evidence to support this model. The precise number of vRNPs packaged in a 
single virion has been determined by imaging of serially sectioned budding virions using EM 
and electron tomography.*°):262,643,653,664 The vast majority of virions from influenza A and 
B viruses appear to contain exactly eight vVRNPs organized in a distinct pattern: one in the 
center and seven in the surrounding positions (1+7 configuration).°°? The eight VRNPs are 
oriented perpendicular to the budding tip. These findings were also corroborated by 
multicolor single-molecule fluorescent in situ hybridization.'4* In addition, the existence of 
packaging signals within the noncoding and coding regions at both the 5’ and 3’ ends of the 
genomic RNAs has been confirmed (Fig. 14.21).°”* Coding regions of the NA*°’; HA; 
NS*°°; PB2, PB1, and PA!°9°40,630, nj pS82; and M°°4 segments have all been demonstrated to 
increase the ability of a reporter sequence to be incorporated within assembling virions. 
Similar sequence features have been shown to govern packaging in influenza B viruses.°” 
Goto and colleagues proposed that the 5’ and 3’ noncoding regions act as virus incorporation 
signals, while the sequences in the coding regions act as bundling signals bringing the eight 
segments together.*!° Both the coding and noncoding regions of the packaging signals are 
relatively conserved compared to other parts of the sequences.*’>°°9 Mutations introduced 
into the packaging signal region of one segment can result in a decrease in packaging 
efficiency of the segment itself and of other segments,#!.4!7°41°/49/4 suggesting the 
existence of specific interactions among genomic segments. Interestingly, data also show that 
efficient packaging of the NA or NS segment does not absolutely require the original 
sequences of the packaging signal, while this is required for efficient HA segment 
packaging.*°°.°* In addition, it has been shown that certain segments are preferentially 
interacting with each other, a mechanism that might play a role in governing the position of 
each segment in the 1+7 configuration.!°%°9°° Segment-specific packaging is hypothesized 
to occur via specific RNA—RNA or protein—RNA interactions, but exactly how the packaging 
signals participate during the genome packaging process is yet to be determined. Another 
piece of evidence supporting the specific packaging model is the generation of a rewired 
influenza virus carrying the HA packaging signal on the NS segment and the NS packaging 
signal on the HA segment.*9! The modified virus grew well; however, it lost its ability to 
independently reassort its rewired HA or NS segment with a wild-type (WT) virus, indicating 
that only viruses containing a full complement of all eight packaging signals will grow to 
high yields. This model is also supported by data showing specific interference of deleted 
RNA segments with packaging of the corresponding WIT RNA segment but not with any 
other genome segment.*°°7° Furthermore, segments carrying two different reporter genes 
but the same packaging signals compete with each other for incorporation into virions and 
produce viruses that express only one or the other reporter but not both.*7! It has now also 
been demonstrated that packaging signals, specifically the portions in coding regions, can 
have a strain-specific component that can limit reassortment and can impact on viral fitness 


of reassortant viruses.7°°°°59* Recently, a novel hypothesis regarding the concerted 


packaging of eight distinct genomic segments has emerged. While it was thought that the 
vRNA interacts uniformly with NP in a beads-on-a-string manner, it has recently been shown 
using high-throughput sequencing techniques that this binding is relatively heterogeneous 
leaving loops of RNA free of NP.°*!°” These loops are vulnerable to RNAse digestion in an 
experimental setting, and loops from different RNPs can freely interact with each other. 
Sequence-specific interactions between these loops from different RNPs (kissing loops) have 
been proposed to govern the packaging of eight distinct genomic segments (Fig. 
14.21),209.521,967 These regions include some of the previously identified more canonical 
packaging sequences.”°’ However, since these loops include regions of low genetic 
conservation, this hypothesis might provide an explanation for reassortment incompatibility 
between viruses or fitness loss after reassortment.?*'9°!9°7 This model also leaves room for a 
more active role of NP in determining packaging specificity and may explain why specific 
NP sequences or mutations may affect reassortment and packaging.®°%-°> It will be 
interesting to define the precise sequences, structures, and mechanisms that determine the 
specific packaging of each segment. Such conserved features must also be compatible with 
the divergent sequences observed among influenza viruses. Taken together, there is now good 
evidence for selective packaging of eight distinct genomic segments per virion mediated by 
packaging/bundling sequences in the 5’ and 3’ noncoding regions as well as the coding 
regions of the genomic segments. 
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FIGURE 14.21 A: Schematic diagram of the packaging signals on each RNA 
segment. Each influenza virus RNA segment is depicted with the conserved 
noncoding regions on both 3’ and 5’ ends. The adjacent numbered domains 
indicate the number of nucleotides in the coding regions required for effective 
incorporation of viral RNA (vRNA) into virions. For details, see 


Refs,209,267,540,630,682,684,954 (Courtesy of Yoshihiro Kawaoka and updated by 
Qinshan Gao.) B: Model of vRNP structure. The classical model of VRNP is a 


uniform association of NP to viral RNA. C: Recent work?!4:921,967 supports a 
revised model where NP binds viral RNA in a nonuniform manner unique to 
each viral RNA segment. The nonuniform binding produces regions of viral 
RNA free of NP and accessible for putative RNA—RNA interactions. D: 
Proposed strategy for intersegmental viral RNA interactions, which likely occur 
at NP-free sites. (Courtesy of Seema Lakdawala; adapted from Lee N, Le Sage 
V, Nanni AV, et al. Genome-wide analysis of influenza viral RNA and 
nucleoprotein association. Nucleic Acids Res 2017;45(15):8968—8977.) 


The Budding Process 


Initiation of bud formation requires outward curvature of the plasma membrane (Fig. 14.20). 
The virus bud is then extruded until the inner core is enveloped. The budding process is 
completed when the membranes fuse at the base of the bud and the enveloped virus particle 
is released following fission from the cell membrane.’”°’®’ It is likely that several of the 
influenza virus structural proteins contribute to the budding process. HA, NA, and M2, when 
expressed alone in transfected cells, are all capable of forming VLPs!*>49°!°!* although only 
in the presence of M proteins are HA and NA brought together in filamentous membrane 
protrusions that resemble budding virus.!°? Although M1 obviously participates in the 
formation of virus particles from infected cells, unlike other viral matrix proteins, it does not 
appear to possess a late domain sequence that mediates interaction with the cellular ESCRT 
pathway.®7-7©9-949 Tt has initially been demonstrated that in the absence of other viral proteins, 
M1 does not associate with membranes.**° More recent data suggest that M1 does associate 
with membranes on its own.°8*°7° It is likely a concerted action of all structural components 
of the virus as well as host factors that brings the components together and initiates budding 
of authentic virus particles.°*° The extent to which the membrane is extruded before pinching 
off occurs will affect the size and shape of the virus particle. Generally, influenza virus 
particles are either spherical or filamentous, and this characteristic morphology is genetically 
linked to the M segment (Fig. 14.4).7°22%75°828 Tt has been further shown that the 
determinants for a particular filamentous isolate (A/Udorn/72[H3N2]) map to two residues 
(R95 and E204) in the M1 protein,” although other residues in M1 as well as in the 
cytoplasmic tail of M2 are also involved in regulating morphology.?!97°%797:76890 Host 
factors such as polarization and an intact actin cytoskeleton also play a critical role in 
determining the morphology of virus particles.*9~7°>-8*? The final step of the budding process 
is membrane scission, which may be facilitated by both viral and cellular factors. The 
amphipathic helix in the cytoplasmic tail of M2 has been demonstrated to mediate membrane 
curvature and scission.°’%’°”/°? Also, the small guanosine triphosphate (GTP)-binding 
protein, Rab11, has been implicated in this process.®° 


Release 


Influenza virus particles have to be actively released after the viral envelope has separated 
from the cell membrane during the completion of budding. This is because the HA anchors 
the virus to the cell by binding to sialic acid—containing receptors on the cell surface. The 
enzymatic activity of the NA protein is required to remove the sialic acid and thereby releases 
the virus from its host cell. NA activity is also required to remove sialic acid from the 
carbohydrates present on the viral glycoproteins themselves so that the individual virus 
particles do not aggregate. The essential function of NA in particle release has been 
demonstrated through the use of NA inhibitors,°°®°8® temperature-sensitive (ts) NA mutant 
viruses,°°° and NA-deficient viruses.°*° In all cases, the absence of NA enzymatic activity 
was seen to cause viral particles to amass in clumps at the cell surface (Fig. 14.22), resulting 


in a loss in infectivity that could be restored by addition of exogenous sialidase. Virions 
released from infected cells can, as described above, be spherical or filamentous, but often 
have a pleomorphic character. Recently, it was proposed that morphologically different 
particles released during infection might be a strategy to survive different environments that 
fluctuate over different replication cycles.9°° 


FIGURE 14.22 Aggregate formation of influenza virus particles in the 
absence of neuraminidase activity. Electron micrograph thin-section images 
showing aggregates of temperature-sensitive neuraminidase (NA) mutant 
influenza virus grown at nonpermissive temperature (A) or grown in the 


presence of the neuraminidase inhibitor FANA (B). For details, see Refs, 688,693 


Due to the fact that both HA and NA recognize the same molecule (sialic acid) but have 
opposing effects (receptor binding vs. receptor destroying), a delicate balance exists between 


the HA and NA functions.9*9 This is optimized for individual viruses but if disturbed can 
result in attenuation. !0%.201,1008 


The neuraminidase 


The NA is the second major glycoprotein of influenza A and B viruses and is a type II 
integral membrane protein with its N-terminus oriented toward the interior of the virus (Fig. 
14.23),1°*5!2.973 The nine subtypes of the A virus NA fall into two major groups (N1, N4, 
N5, N8 and N2, N3, N6, N7, N9) based on sequence comparisons (Fig. 14.2).°”° In addition, 


the NA-like proteins from H17N10 and H18N11 viruses do not possess NA activity despite 
their structural similarity with authentic NAs.*°*.292!047 No subtypes have been found for the 
NAs of B viruses, possibly because these viruses do not have an animal reservoir. The 
influenza A virus NAs have a highly conserved short cytoplasmic tail and a hydrophobic 
transmembrane region, which provides the anchor for the stalk and the head domains. The 
purified head domain of an N2 NA (obtained by pronase treatment of whole virus) was first 
crystallized by Graeme Laver, and its x-ray crystallographic structure was solved by Peter 
Colman.!°® The structure of the N1 NA from the 1918 pandemic virus and of several other 
NA subtypes has also been determined.?°* The head of the NA is a homotetramer, each 
monomer of which is composed of six topologically identical B-sheets arranged in a propeller 
formation. The structure of the influenza B virus neuraminidase, similar to that of the A 
virus, is characterized by the interaction of the sialic acid ligand with nine conserved active 
site residues.!°' The enzymatic activity of NA was first recognized by George Hirst, who 
found that red blood cells treated with virus were refractory to reagglutination by another 
virus preparation.*®° The enzyme was also found to cleave ketosidically bound sugars of 
alcohols (at position 2 of neuraminic acid).9° Neuraminidases from different subtypes are 
described to have different substrate specificities.°°!-’*® Transition state inhibitors such as 2- 
deoxy-2,3-dehydro-N-trifluoroacetyIneuraminic acid, which mimic the enzymatic substrate, 
were shown early on to inhibit influenza virus replication,°°* and compounds with the same 
mechanism of action were later developed for use as highly effective antivirals in 
humans.*?19°-430,698 arly work had also elucidated the function of the NA in virus 
replication. Cells infected by temperature-sensitive mutants with defects in the NA were 
shown by EM to have large aggregates of intact virus particles accumulating near the cell 
surface (Fig. 14.22). This finding was interpreted to mean that the viral NA must remove the 
sialic/neuraminic acid receptor from the surface of the cell as well as from the virus particles 
to prevent recognition by the HA of the virus. The NA thus has a role in releasing the virus 
from the infected cell and in cleansing the environment (e.g., mucus and cell surfaces in the 
respiratory tract) of sialic acid receptors to allow for virus spread.°°*9? In addition, it has 
been shown that the viral NA may also play a role early in infection, possibly facilitating 
entry of the virus!?1°8.674,1000 and/or modulating late endosome/lysosome trafficking.4>°°8 
A role in immunomodulation by interaction with TGF-B has also been proposed.!1)484,793 As 
described earlier (see Budding Process), the NA can also mediate virus budding*?®!°!* and 
the cellular restriction factor, tetherin, can influence this step.?°°!°'* Another function for at 
least one NA subtype has also been reported. In the case of an N9 NA, a hemadsorption 
activity was found to be associated with the purified molecule, and x-ray structure analysis 
revealed a second independent binding site for sialic acid.?'° A similar site has been 
described for N1 as well,2°° but its relevance in human influenza virus strains remains 
unclear’’? Of note, mutations in the regular enzymatic site of NA can lead to receptor- 
binding activity as well, which in some instances can completely replace the receptor-binding 
activity of HA (but not its fusion mechanism).°99°9°1046 


Carbohydrates linked to N146 


FIGURE 14.23 Molecular surface drawing of the x-ray structure of an N2 
neuraminidase head. The neuraminidase is a tetramer made up of a bulky head 
attached to a slender stalk. A side-on view of the head only is shown consisting 
of four identical monomers (from this perspective, the two rear monomers, blue 
and green, are mostly hidden). The carbohydrates attached to asparagine residue 
146 of each monomer are shown in ball-and-stick model and form antennae-like 


structures rising from the top of the molecule. For details, see Ref.?!! (Courtesy 


of Peter Colman.) 


It is assumed that the function of the influenza B virus NA is similar, if not identical, to 
that of the A virus NA.°04°9-79 Additionally, the active sites of influenza A and B virus NAs 
are conserved, which allows for broad-spectrum activity of NA inhibitors. In influenza C and 
D viruses, the receptor-destroying role of the NA is played by the esterase activity of the viral 
HEF. By removing the acetyl group from 9-O-acetylneuraminic acid, the HEF facilitates the 
release and spread of virus from infected cells. In addition, it appears that the enzyme is 
needed for virus entry, suggesting release of the HEF from cell receptors during the 
endosomal uptake and fusion/uncoating process.97° 


Like the HA, NA molecules are antigenic and variants are selected in nature.’°* 


Antibodies directed against the NA are usually not neutralizing, but can be broadly protective 
in animals and humans.!°°.'69.216.484,614,975 Tmmunization with NA preparations has been 
proposed as an infection-permissive, disease-preventing vaccine approach against influenza, 
and NA has recently re-emerged as an attractive vaccine antigen.*!®4°.484.973.974 


Interactions of Influenza Virus with the Host Cell 


Cellular Functions Required for Influenza Virus Replication 


A virus with a small coding capacity, such as influenza virus, relies on numerous host cell 
functions in order to complete its replication cycle. In comparison to our understanding of the 
role of each viral protein in the influenza virus life cycle, we know relatively little about the 
contribution of host cell proteins. Some well-characterized interactions between viral and 
host proteins are noted in the sections covering specific viral proteins (e.g., NP and importin- 
a, NEP and Crm1, NS1 and CPSF30), but these probably represent only a small fraction of 
the molecular interactions that occur between influenza virus and its host cell during the viral 
life cycle. Initial efforts to expand our knowledge of these cellular binding partners have 
involved a yeast two-hybrid analysis of 10 influenza virus proteins (all except PB1-F2 and 
PA-X), which identified interactions with 87 human proteins.°”° These interactions exist in a 
tightly connected network, as 24 of the human proteins interact with two or more viral 
proteins and there are 51 known interactions occurring between the 87 human proteins. Other 
studies have examined interacting partners of viral protein complexes rather than individual 
proteins and particularly those that retain functionality such as the RNP or trimeric 
polymerase complexes. Forty-one human proteins were reported to interact with the viral 
RNP complex of influenza A/WSN/33 (H1N1) virus, and 10 interacting proteins were 
identified in another study using the polymerase complex.**~°** A large-scale proteomic 
analysis of an H5N1 influenza virus polymerase complex has revealed an astonishing 859 
human proteins that are associated with either the full polymerase complex or PA-containing 
subcomponents thereof.’”® In their analyses, the authors also distinguished between those 
interactions that are dependent on RNA and those that are not. In summary, 166 PA 


interacting proteins, 23 that bind to the PB1-PA dimer and 10 that associate with the full 
polymerase, were identified irrespective of the presence of RNA. Using RNAi, 31 proteins 
known for interacting with the VRNP or polymerase complex were assessed for their role in 
polymerase activity.°’ Eighteen were shown to facilitate the activities of both H1N1 and 
HSN1 polymerases, while two antagonized both polymerases, supporting the idea that 
interacting proteins are likely to play functional roles. Recent large-scale studies queried 
additional interactions between individual viral proteins and the host.°°°-74°-948 


Completion of the analysis of the human genome and the discovery of RNAi have made 
it possible to query the participation of each human gene product in functional assays using 
genome-wide small interfering ribonucleic acid (siRNA) libraries. Using this powerful tool, 
genome-wide RNAi screens have been performed on influenza virus—infected cells to 
identify those genes that are required for efficient virus growth.°4*9°? These five 
studies®?390.451,478,800 identified a total of 1,077 unique genes that when targeted by siRNAs 
lead to decreased influenza virus replication. Each study employed different assay conditions, 
and this likely contributes to the finding that only 85 genes were common to two or more of 
the screens. However, a greater degree of concordance is seen when one analyzes the results 
at the level of cellular function rather than gene name.°°+849,953 Following these initial 
studies, many different screens using different technologies including RNAi 
screens, *9-133,194,201L853 CRISPR screens,°*“?°°° transcriptomics profiling,?””,”°° proteomic 
screening,20%°49;746.948,1013 kinase profiling,?+°!!89,1002 radiation hybrid mapping,?°? and 
meta-analysis/network analysis of existing screening data®!*°°98 have been performed. 
These and many other studies have identified a large number of host and restriction factors 
that play significant roles in influenza virus interactions with the host cell. Host factors 


involved in attachment and _ internalization, !3!184,2!7,224,269,349,773,1045 — andosome 
(ralticking 8 en ene fusion, uncoating and nuclear 
import, 3439.70,212,329,365,519,568,603, 669,710,853, 1002 transcription a 


replication, 110,194,235,260,451,509,571,764,812,856,859,899,916,1027 
export tase Oe A088 720, 780, 157 Lee 
12,219,368,457,864,898,937 


protein synthesis, nuclear 
and transport to the bud 
zone, and packaging, assembling, and budding!®”7'4°° have been 
described above and/or are depicted in Figure 14.24. In addition, important restriction factors 


including interferon-inducible transmembrane (IFITM) proteins were identified in this 
manner. 8%237,729,741,1044 
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FIGURE 14.24 Host factors of influenza A virus. Shown are a subset of 
identified host factors required by influenza A virus during different stages of the 
viral life cycle. Of the depicted cellular proteins, experimental evidence exists 
indicating that influenza A virus is dependent on the expression/function of the 
respective protein for productive infection. The listed host factors are categorized 
based on individual stages of the influenza A virus life cycle during which they 
exhibit their proviral function: (1) attachment and internalization; (2) endosomal 
trafficking, fusion, uncoating, and nuclear import; (3) transcription and 
replication; (4) protein synthesis*; (5) nuclear export; (6) transport to bud zone; 


and (7) packaging, assembly, and budding. See Ref.°°” for more details. 


*Influenza A virus depends on a large variety of cellular proteins during viral 
protein synthesis. However, current screening methodologies for the 
identification of host factors of IAV involve manipulation of host gene 
expression. Therefore, proteins crucial for host cell viability, such as proteins 
involved in translation and protein expression, are usually not identified in such 
screening efforts. (Courtesy of Silke Stertz, Marie Pohl, and Eva Spieler.) 


Future progress in this area will depend on integrating the data obtained from these 
global approaches (e.g., proteomics, RNAi, microarray, CRISPR, etc.) to build a clearer 
picture of the cellular networks that govern efficient influenza virus growth. Such 
information may address questions concerning species specificity and also provide new 
avenues to explore for drug discovery (see section on Inhibition of Cellular Factors). 


The Actions of the NS1 Protein 


When a virus infects a cell, it has to contend with the rapid onset of the host innate immune 
response, whose mission it is to establish an antiviral state within the cell and prevent virus 
replication. A critical component of this response is type I interferon (IFN-a/f), which is 
secreted from virus-infected cells. A characteristic feature of all orthomyxoviruses is their 
sensitivity to the inhibitory effect of IFN-inducible Mx GTPases.°“° In fact, IFN was first 
described as a factor induced by heat-inactivated influenza virus,*** although interestingly, 
live influenza virus was found to inhibit the induction of IFN by inactivated virus.°*° The 
reason for this observation did not become clear until almost 40 years later when, with the 
benefit of reverse genetics technology, it was possible to engineer an influenza A virus that 
lacked the NS1 gene (delNS1).7°” This virus displayed unusual growth properties as it was 
severely attenuated in IFN-competent systems but grew well in IFN-deficient systems such 
as Vero cells and 6-day-old embryonated eggs and was lethal in STATI’ mice (Fig. 
14.25).?°”871 Thus, in the absence of an IFN response, NS1 appears to be dispensable, 
whereas in the context of an immunocompetent host, it is essential. Microarray analysis has 
demonstrated that infection with delNS1 virus leads to enhanced expression of IFN and IFN- 
regulated genes compared to WT influenza virus infection,*°° and NS1 is therefore termed an 
IFN antagonist because it acts to suppress the virus-induced host IFN response.**2,9’” These 
findings have given rise to a new concept for the design of live attenuated vaccines based on 
mutations in the NS1 gene.°°990:748:871 Studies on viruses expressing truncated forms of 
NS1 have shown that the level of attenuation is determined by the amount of IFN induced by 
the virus (i.e., highly attenuated viruses induce larger quantities of IFN),?724-7°78°2.87! and 
immunization with these mutant viruses produced protective immunity in mice, chickens, 
swine, horses, and macaques.°°”»748 
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FIGURE 14.25 Pathogenicity of influenza A virus lacking NS1 expression in 
STAT1-/— mice. Wild-type (STAT1+/+) or STAT1-—/— mice were infected with 
either wild-type (WT) or delNS1 viruses as indicated. DelNS1 virus is 
apathogenic in STAT1+/+ mice; however, the weight loss (shown in percentage) 
of delNS1 virus-infected STAT1-/— mice is comparable to that of WT virus— 
infected mice. DelNS1 and WT virus are equally lethal in STAT1—/— mice. (For 


details, see Ref.297: courtesy of Adolfo Garcia-Sastre.) 


Structural features of the NS1 protein 


NS1 is a nuclear, dimeric protein that is highly expressed in infected cells and has a dsSRNA- 
binding domain, an effector domain, and a disordered tail.**°-°°° The RNA-binding domain 
lies within the N-terminal 73 amino acids,”° for which both NMR and crystal structures 
have been obtained.!?4!99.948,1009 These data indicate that the NS1 RNA-binding domain 
forms a symmetric homodimer with a six-helical fold and that conserved tracks consisting of 
basic and hydrophilic residues on each monomer mediate interactions with dsRNA. 
Mutational analysis has further demonstrated that dimer formation is crucial for RNA binding 


as are residues R38, R35, and R46.'94°4! Residue K41 strongly enhances the binding 
affinity?! and residues S42 and T49 also participate in dsRNA binding.!** It is suggested 


that the basic residues make contact with the phosphate backbone of the RNA via 
electrostatic interactions,!°°9*1!°9 which is consistent with the observed lack of sequence 
specificity.*°°7°° Structural data indicate that the NS1 dimer spans the major groove of 
canonical A-form dsRNA in a length-independent mode.'** Structures of the influenza B 
virus NS1 RNA-binding domain indicate a similar binding mode.!°°" 


The remaining portion of NS1 has been termed the effector domain and includes binding 
sites for several host factors (Fig. 14.26).°4° Crystallographic structures of the NS1 effector 
domain have been determined for several influenza A virus strains. While the monomer 
conformation is very similar, different dimer interfaces have been determined, specifically 
one that is mediated by a helix—helix interaction!?°4'*°%°87 and another mediated by a 
strand-strand interaction.°”*°9 The helix—helix interaction is dependent on residue W187 in 
each monomer,**)?°" and it has been proposed that the monomer interface can twist and 
therefore the dimer can exist in both open and closed conformations.**® Finally, one structure 
of a full-length NS1 protein has been reported.°® Strikingly, instead of individual dimers, 
NS1 is shown to form a chain with alternating interactions occurring via the dsRNA-binding 
and effector domains. Moreover, three of these chains are shown to interact with one another 
to form a tubular structure that can accommodate dsRNA in its center. This chain-like 
structure opens up questions regarding how interactions between NS1 and its cellular 
partners can be accommodated, but models for how this may occur in the context of an 
individual NS1 dimer have been proposed.*°® 
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FIGURE 14.26 Schematic diagram of the multiple functions of NS1 within 
infected cells. A: Pretranscriptional limitation of interferon-6 (IFN-f) induction. 
B: Inhibition of the antiviral properties of protein kinase R (PKR) and 2’-5’- 
oligoadenylate synthetase (OAS)/RNase L. C: Posttranscriptional block to 
processing and nuclear export of all cellular messenger RNAs (mRNAs). D: 
Enhancement of viral mRNA translation. E: Activation of phosphatidylinositol 
3-kinase (PI3K). Some other interactions that have been characterized are 


detailed in the lower box. See Refs.27349:468,970,668 for details (Adapted from 
Hale BG, Randall RE, Ortin J, et al. The multifunctional NS1 protein of 
influenza A viruses. J Gen Virol 2008;89(Pt 10):2359-2376; courtesy of Ben 
Hale.). F: Schematic representation of the influenza A virus NS1 protein, 
together with its known interactors. The influenza A virus NS1 protein (yellow) 
is 202 to 237 amino acids long depending on the strain. The N-terminal 73 amino 
acids form a functional RNA-binding domain, while the effector domain 
predominantly mediates interactions with host cell proteins. The final C-terminal 
approximately 20 amino acids appear to be natively unstructured. NS1 contains 
two nuclear localization sequences (NLS1 and NLS2) and a nuclear export signal 
(NES). A nucleolar localization sequence (NoLS) has been reported for some 
strains and is concomitant with NLS2. The interaction of NS1 with itself to form 
homomultimers via both the RNA-binding domain and effector domain (W187) 
is important for function. Residues involved in RNA binding (Arg-38 [R38] and 
Lys-41 [K41]) are implicated in the inhibition of 2'-5’-oligoadenylate 
synthetase/RNase L, Jun N-terminal kinase, and RIG-I/TRIM25. Additionally, 
NS1 contains binding sites for poly(A)-binding protein I (PABPI), p85f, 
importin-a, nucleolin, NS1-BP, eIF4GI, hStaufen, NS1-I, PKR, PACT, hnRNP-F, 
Ubc9, CPSF30, poly(A)-binding protein II (PABPII), Crk/CrkL, PDZ domain— 
containing proteins (e.g., Scribble, Dlg-1, PDlim2, and the MAGITs), the viral 
polymerase/nucleoprotein, and components of the cellular messenger RNA 
(mRNA) nuclear export machinery (E1B-AP5, p15, NXF1, and Rae1). Several 
posttranslational modifications to NS1 have also been described: ISG15 
modification (red) by the interferon (IFN)-inducible Herc5S protein mediates 
negative effects on NS1 function, while phosphorylation and sumoylation 


(green) appear to enhance NS1 function. See Refs.27349:468,970,668 for details. 
(Adapted from Hale BG, Randall RE, Ortin J, et al. The multifunctional NS1 
protein of influenza A viruses. J Gen Virol 2008;89(Pt 10):2359-2376; courtesy 
of Ben Hale.) 


Inhibition of the interferon synthesis 


WT influenza virus infection induces far less IFN than does delNS1 virus, and this difference 
lies at the level of mRNA molecules.°°-°”°.9°8 This implies that NS1 either acts to prevent 
the synthesis of IFN mRNA or destabilizes IFN mRNA (Figs. 14.25 and 14.26). The 
transcriptional activation of IFN-f in response to virus infection is regulated by transcription 
factors including interferon-regulatory factor-3 (IRF3), nuclear factor-kB (NF-kB), and 
activator protein-1 (AP-1).°°® Each one of these transcription factors has been shown to be 
activated in delNS1 virus—infected cells but not in WT virus—infected cells,2°4°”9°8 which 
corresponds with the differential induction of IFN-6 by these viruses. Moreover, expression 
of NS1 alone inhibits the activation of the IFN-6 promoter in response to infection with a 
heterologous virus or even delNS1 virus.°°*9°° Substantial progress has been made to 
understand the precise mechanism by which NS1 suppresses IFN synthesis*40°*° (Fig. 
14.26). First, dsRNA binding is important as expression of the RNA-binding domain alone is 
sufficient to block virus induction of IFN.9°° However, a virus expressing only the first 73 
residues is still attenuated in mice (with a phenotype intermediate to that of delNS1 and WT 
virus), pointing to a role for the effector domain in vivo.?**.8’495* Alanine substitution of the 
residues involved in RNA binding (R38 and K41) was found to significantly reduce the 
ability of NS1 to inhibit IRF3 and NF-x«B activation®”°.9°° and, hence, IFN-B synthesis.!9° In 
the context of a virus, lack of NS1 resulted in increased IFN-f production and, therefore, an 
attenuated phenotype in mice (Fig. 14.25).!°° Second, NS1 is found in complex with the 
cytoplasmic sensor RIG-I and acts to prevent RIG-I signaling and IFN-B 
production.*°0.0°1,680,715 This interaction appears to depend on the same residues implicated 
in dsRNA binding, indicating that it is potentially mediated by RNA.’!° Third, NS1 interacts 
with TRIM25 via residues E96 and E97.*°° TRIM25 is responsible for ubiquitinating and 
activating RIG-I and the presence of NS1 blocks this activity (Fig. 14.26). However, in vivo, 
different influenza viruses show different patterns of interferon inhibition,’“° which are 
difficult to reconcile based on the known mechanism of action in tissue culture.*°° Dozens of 
different host factors involved in the suppression of the IFN response by NS1 have been 
identified.°° 


Inhibition of host mRNA processing 


Influenza virus-infected cells harbor pre-mRNAs in their nuclei that do not undergo efficient 
3'-end processing and therefore cannot be exported.'*°°!5 This is thought to be an NS1- 
mediated effect that occurs via interaction of the NS1 effector domain with two components 
of the 3’-end processing machinery: the 30-kD subunit of the cleavage and polyadenylation 
specificity factor (CPSF)!7%472-*” and the poly(A)-binding protein II (PABII).!2°240.249.490 
The NS1 interaction effectively inhibits these processing factors and results in pre-emRNAs 
that either remain uncleaved®*”*!> or only acquire short poly(A) tails.'*° NS1 also inhibits 
splicing of pre-mRNAs, which also results in their retention in the nucleus,*°°°°* and 


evidence for the requirement of CPSF in splicing suggests that both of these mRNA- 
processing defects in influenza virus—infected cells may be related to the inhibition of CPSF 
(Fig. 14.26).°°* NS1 also interferes with mRNA export via complex formation with several 
components of the nuclear export machinery.’®* As the induction of the host antiviral 
response relies so heavily on transcriptional up-regulation of genes, this global 
posttranscriptional inhibition may aid in aborting or at least delaying the onset of this 
response. This is reflected in data from a CPSF-binding mutant virus, which is attenuated in 
tissue culture and which causes an earlier induction of antiviral gene products compared to 


WT virus.°°! It should be noted, however, that the delNS1 virus shows shutoff of host protein 
synthesis at levels similar to that of WT virus in an A/PR/8/34 background (which cannot 


bind to CPSF40).’°! This suggests that other (or additional) factors may be responsible for 
inhibition of general gene expression.°”?9°° 


Additional NS1 interactions with host cell factors 


The influenza A virus NS1 protein binds directly to the p85 regulatory subunit of PI3K via 
its C-terminal effector domain, and NS1 expression is sufficient to activate PI3K 
signaling.*!>495!8 Specifically, residues Y89, M93, P164, P167, L141, and E142 in the NS1 
protein, which are located in predicted src homology 2 (SH2)- and SH3-binding motifs, have 
been implicated in the interaction with p85.°42°°0.817.818 The NS1-binding site on p85f is 
located in an inter-SH2 domain,*** and a cocrystal of the NS1 effector domain in complex 
with this region of p85f6 shows that residues Y89 and P167 of NS1 are at the binding 
interface.°*“* Furthermore, a model of a heterotrimeric complex consisting of NS1—p85p— 
p110 predicts that the presence of NS1 would disrupt the inhibitory contact between p85 
and p110.°*“4 This explains the PI3K-activating properties of NS1, which theoretically serve 
to delay apoptosis at late stages of infection.*!? However, recombinant viruses expressing 
NS1 proteins that fail to activate PI3K were not seen to induce any more apoptosis than WT 
virus, so the biological significance of NS1-mediated PI3K activation remains unclear.*’* It 
also should be noted that a proapoptotic activity of NS1 has been reported.’?" 

NS1 has also been reported to interact with several other host factors (Fig. 14.26), 
including the eukaryotic translation initiation factor 4GI, poly(A)-binding protein I, Staufen, 
NS1-I and NS1-BP, nucleolin, hnRNP-F, E1B-AP5, Herc5, PABII, importin-a, CrkL, 
Scribble, Digi, PDLim2, p15, NXF1, Rael, PACT, Ubc9, and 
others, 1699126,238,310,370,401,547,596,631,783,789,875,978,979,1015,1029,1033 1+ has been shown. that 
disruption of the Staufen-1/NS1 interaction inhibits influenza virus replication, indicating 
that this virus—host interaction is required for optimal virus growth.°*? Furthermore, it has 
been shown that NS1 can act like a histone mimic.°°? 


Anti-interferon proteins of influenza B, C, and D viruses; thogoto 
virus; and isavirus 


Like its A virus counterpart, the NS1 protein of influenza B virus (B/NS1) exists as a dimer 
and has RNA-binding activity in its N-terminal domain (residues 1—93).'999°°!01© A virus 
lacking B/NS1 has also been demonstrated to induce larger amounts of IFN than WT 
virus, ‘°° and the B/NS1 protein can complement the growth of influenza A deINS1 virus,!?9 
indicating that A/NS1 and B/NS1 are functional equivalents. Therefore, as described for 
influenza A virus, recombinant influenza B viruses either lacking NS1 or expressing 
truncated NS1 proteins have been proposed as vaccine candidates.*°°°°! Expression of 
B/NS1 has been shown to inhibit virus activation of the IFN-8 promoter,'®°!%? but 
interestingly, both N- and C-terminal domains of the protein encode this inhibitory activity, 
and hence RNA binding was found not to be essential for inhibition of IFN-B synthesis.!%9 
However, in the context of expression of the N-terminal domain alone, RNA binding was 
required. Similarly, both portions of B/NS1 were shown to independently inhibit virus 
activation of the transcription factor, IRF3.'°? B/NS1 is also an inhibitor of PKR, but unlike 
A/NS1, it does not interfere with mRNA processing.?°° B/NS1 does possess the unique 
ability to bind to ISG15 (an IFN-inducible gene) and prevent its conjugation to target 
proteins,'°!® which it does through its N-terminal domain independently of RNA 
binding.*°10161035 Structural analysis shows that a dimer of the B/NS1 N-terminal domain 
interacts with two ISG15 molecules, with each ISG15 molecule binding distinct regions of 
each NS1 monomer.**? ISG15 conjugation or ISGylation has been shown to regulate the IFN 
signaling pathway and to be critical for host antiviral defense.°°-”°°,'°>! Interestingly, B/NS1 
inhibits ISGylation in a species-specific manner, binding only to human and nonhuman 
primate ISG15 proteins.®°°°!” This likely contributes to the fact that influenza B infections 
are restricted to humans. The influenza B virus NS1 protein may also have a role in virus 


replication as the virus lacking B/NS1 grows to lower titers, even in IFN-deficient cells.1°° It 
has also been shown that B/NS1 associates with nuclear speckles and that this is linked to 


residues in its N-terminal region.’”°° 


The C/NS1 has been shown to inhibit RIG-I—mediated activation of the IFN-6 promoter 
through a region located in its C-terminus.°8° C/NS1 has also been shown to up-regulate 
splicing of viral mRNAs.°*° While no data are available, similar mechanisms are probably 
used by influenza D virus since it expresses a D/NS1 protein.®°° 


Unlike the influenza viruses, Thogoto virus has no NS segment and instead, its anti-IFN 


activity is encoded by the M segment.*°° The M segment produces the M protein from a 
spliced transcript and the ML protein from an unspliced transcript, of which the latter has 


been shown to be an IFN antagonist protein.*°°4”4 As seen with the delNS1 influenza virus, a 
recombinant Thogoto virus lacking the ML protein was shown to induce far greater levels of 
IFN in infected cells than WT virus*°° and was remarkably attenuated in mice expressing 
functional Mx1 (an IFN-inducible protein that protects against orthomyxovirus infection).’'* 
ML has also been demonstrated to inhibit virus-induced activation of IRF3 but in a manner 
distinct from that of NS1.4°* Another striking difference between ML and NS1 is that ML is a 


structural protein.*°° Because expression of ML is controlled by the same promoter as that of 
the M protein (which is expressed late in infection), this strategy ensures that ML is present 
(as part of the incoming virion) at the initial stages of virus infection when it can most 


effectively exert its effect on the host immune response.?°° 


The isavirus IFN antagonist proteins are expressed from the unspliced transcript of RNA 
segment 7 and the larger ORF of RNA segment 8.16729°.886 


The Actions of the PB1-F2 Protein 


Influenza A viruses can express an 11th protein, PB1-F2, which is encoded by the +1 
alternate ORF in the PB1 gene.!*+*48480 pB1-F2 is 87 to 90 aa long, depending on the virus 
strain, and is expressed by most human H3N2 viruses, while a large number of human H1N1 
isolates have a premature stop codon in the PB1-F2 ORF. Of note, the pandemics that 
occurred in 1918, 1957, and 1968 were all caused by influenza viruses that express full- 
length PB1-F2 and so do many zoonotic influenza viruses.!° The protein has been shown to 
contribute to influenza virus pathogenicity through several mechanisms. Initially, a 
proapoptotic function was described for PB1-F2. It was found to localize to the mitochondria 
and disturb the mitochondrial membrane potential, leading to the efflux of cytochrome c into 
the cytoplasm.!**°°° The induction of apoptosis by PB1-F2 is thought to occur specifically in 
immune cells in a strain-dependent manner and, thus, contribute to immune evasion by 
influenza viruses.9!1229851020 Jt was demonstrated that PB1-F2 triggers an apoptotic 
response by interacting with the mitochondrial adenine nucleotide translocase 3 (ANT3) and 
voltage-dependent anion channel 1 (VDAC1) proteins!°!9 and/or forms pores via self- 
oligomerization (Fig. 14.27).89117375 
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FIGURE 14.27 The proapoptotic and anti-interferon activities of the 
influenza A virus protein PB1-F2. The protein promotes apoptosis by 
interacting with the mitochondrial VDAC1 and ANTS proteins and interferes 
with the induction of interferon at the level of the MAVS adaptor protein. Cyto c, 
cytochrome c. (Courtesy of Zsuzsanna T. Varga.) 


In addition to its proapoptotic activity, PB1-F2 was reported to have proinflammatory 
properties. Specifically, it was observed that PB1-F2—expressing viruses increase the levels 
of several cytokines and chemokines, enhance cell infiltration, and exacerbate lung injury in 
infected mice.!®*:!6485.986 Notably, it was found that a serine (S) at position 66 in the PB1- 


F2 protein dramatically increases immunopathology and mortality caused by the 1918 
pandemic strain and by highly pathogenic H5N1 viruses.‘ Transcriptional profiling of mice 
infected with a PB1-F2 N66S-expressing virus revealed an early suppression of interferon- 
stimulated genes (ISGs),!°° and in vitro studies demonstrated an anti-interferon activity of 
PB1-F2 at the level of the MAVS adaptor protein (Fig. 14.27).9°° Interestingly, PB1-F2 
N66S, which is associated with increased pathogenicity, inhibited the induction of IFN more 
efficiently than a WT PB1-F2 protein.9"” It is hypothesized that there may be a possible link 
between the proapoptotic and anti-interferon functions of PB1-F2 through the MAVS 
protein.2°° 


The Actions of the PA-X Protein 


Recently, a novel protein translated from the PA segment has been discovered and named PA- 
X.*83 This protein consists of the N-terminal 191 amino acids of PA plus additional amino 
acids that are added from an alternative reading frame. At the codon for amino acid 191, a +1 
ribosomal frameshift occurs resulting in attachment of 41 or 61 novel amino acids to the N- 
terminus of PA.24%5!9 The N-terminus of PA, which is retained in PA-X, hosts the 
endonuclease domain of the protein.'®° It has been shown that PA-X has cap-snatching 
activity, which induces degradation of host mRNA and leads to shutoff of the host protein 
expression.!° The first 15 amino acids of the C-terminus of PA-X are also actively involved 
in this activity.°°'°”° It is assumed that the main activity of PA-X takes place in the nucleus, 
but mRNA degradation in the cytoplasm by this protein has also been demonstrated.°°-°8.676 
Importantly, the shutoff of host mRNA translation leads to suppression of the antiviral 
response and disables antiviral stress-induced arrest.°°*4°! NS1 also has mRNA translation 
shutoff activity and it was recently reported that there is an interplay between NS1 and PA-X 
that modulates pathogenesis and suppression of the innate immune response.!!*°® While 
NS1 shutoff activity seems to be more targeted toward antiviral gene expression, the PA-X 
activity has been described as relatively unspecific but with a preference for RNA 
polymerase II-transcribed mRNA in the nucleus.'!*°* Strong activity of both proteins can 
decrease viral fitness and pathogenesis suggesting that the effect of PA-X activity on 
virulence might be strain specific and dependent on NS1.°°8 


The Role of Other Accessory Proteins 


Several additional accessory proteins or putative ORFs have been described for influenza A 
viruses including PB2-S1, PB1-N40, PA-N155, PA-N182, M42, NS3, and ORF NEG8.°!* A 
hallmark of accessory proteins is that they are not required for virus replication and might not 
be expressed by all strains. PB2-S1 is a splice variant that includes the 462 N-terminal of 
PB2 plus 46 additional amino acids from a +1 ORF. It is found in pandemic H1N1 viruses 
but not seasonal H3N2 or prepandemic seasonal H1N1 viruses, and its biological function is 
unclear.’°? PB1-N40 is a truncated version of PB1 that lacks the N-terminal 39 amino acids 


and starts at PB1 methionine 40.9”° The lack of the N-terminus ablates its ability to interact 
with PA and its proposed role is in regulation of PB1 and PB1-F2 expression.®’© PA-N155 
and PA-N182 are proteins expressed from the PA segment, lack the N-terminal endonuclease 
domain of PA, and start at methionines 155 and 182 of PA, respectively.®”° Their deletion has 
been shown to have a slightly negative impact on virus replication and pathogenicity, but no 
specific function has been assigned to them.®°? In addition to the M segment splice variant 
that forms the M2 mRNA, two more splice variants, MmRNA3 and M mRNA4, have been 
detected.°!+.97! M mRNA3 does not encode a protein, but mRNA4 has been predicted to 
encode a protein named M4.°!4 A variant of this predicted protein, M42, was indeed found in 
a mutated virus lacking M2 (through deletion of the M mRNA2 splice donor site) and 
functionally replaced M2. This is not surprising since M42 is basically M2 with a variant 
ectodomain.?”! Similarly, a splice variant of the NS segment has been detected that translates 
into the NS3 protein, which is a NS1 protein isoform with a large deletion in its effector 
domain.’°° Again, the function of this protein is unknown and it is only encoded by a very 
small number of natural viral isolates. Finally, the enigmatic NEG8 ORF is a highly 
conserved antisense direction ORF of the NS segment. The putative approximately 25-kDa 
protein it might encode was termed NSP and is predicted to have a signal peptide, two 
TMDs, and an N-linked glycosylation motif.’”°> However, despite significant efforts, this 
protein has never been detected in infected cells except for a T-cell response.°?°°!9!* It 
remains unclear if influenza viruses express additional accessory proteins with significant 
functionality. Especially for influenza B, C, and D viruses, this area is not well explored. 


REVERSE GENETICS 


Because the Orthomyxoviridae are negative-strand RNA viruses, introduction of the genomic 
RNAs into cells does not result in the formation of infectious virus (as it does in the case of 
positive-strand RNA viruses). Initial experiments eventually leading to the genetic 
engineering of influenza viruses involved the reconstitution of functional RNP complexes in 
vitro*9*;/°° and transfection of functional RNPs into cells. In these experiments, cDNA- 
derived RNA for a specific segment was mixed with purified virion NP and polymerase 
proteins and transfected into cells before or after infection with a helper influenza virus in 
order to provide the remaining vRNP segments.°°? Initially, rescue of infectious virus 
containing the cDNA-derived RNA required selection of the novel virus against the helper 
virus.*°° Instead of using cDNA-derived RNA, cells can be transfected with a plasmid 
construct containing the gene of interest flanked by an RNA polymerase I promoter and 
terminator sequences. Cellular RNA polymerase I normally transcribes rRNA (which lacks a 
5’ cap and 3’ poly[A] tail), and therefore the RNA synthesized from the plasmid construct is 
an exact replica of the VRNA. The viral polymerase proteins were supplied by transfection 
with polymerase I—driven expression plasmids, and the remaining genomic segments were 
provided by infection with a helper influenza virus.°*7!9 A disadvantage of these early 


systems was the need for helper virus, which must be selected against in order to isolate the 
rescued virus. 


In 1999, a decade after the initial influenza reverse genetics system had been described, 
Fodor et al.2°! and Neumann et al.°°? reported the generation of influenza viruses entirely 
from cloned cDNAs. In the system reported by Fodor et al., cDNA from each of the eight 
genome segments was cloned in negative orientation between a truncated human RNA 
polymerase I promoter and the hepatitis delta virus ribozyme.*°! Transfection of the eight 
VRNA-encoding plasmids into Vero cells along with four polymerase II—driven plasmids 
expressing NP and the polymerase complex (PB1, PB2, PA) resulted in recovery of infectious 
virus (Fig. 14.28). As helper virus is not required for the generation of recombinant virus, the 
cumbersome selection process was unnecessary. Improvements to this system now include 
the transfection of cocultured 293T cells (necessary due to the human RNA polymerase I 


promoter) and Madin-Darby Canine Kidney (MDCK) cells, which support high levels of 


virus replication. 
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FIGURE 14.28 A: Schematic representation of the plasmid-based rescue system 
for influenza A virus. The negative-sense complementary DNA (cDNA) for each 
viral segment is cloned between a polymerase I promoter and the hepatitis delta 
virus ribozyme or polymerase I terminator. These eight plasmids are transfected 


into mammalian cells along with four expression plasmids for the polymerase 
proteins and nucleoprotein (NP). The resulting transfectant virus is then passaged 


on fresh cells. For details, see Ref.2°! (Courtesy of Adolfo Garcia-Sastre.) The 
plasmid-based rescue system can be optimized by combining bidirectional 
(including Pol I and Pol II promoters) transcription cassettes for multiple 
genomic segments onto one plasmid. Examples include pRS A/PR8 7 for 
influenza A virus (B) and pRS B/Mal04 for influenza B virus (C), which contain 
seven genomic segments (PB2, PB1, PA, NP, NA, M, NS) and can be combined 
with a second plasmid encoding the HA of choice. These optimized rescue 
systems result in increased rescue efficiency as compared to the eight-plasmid 


pDZ system (D and E, respectively).2/2 Segments are not to scale but show their 
order within the plasmid backbone. (Courtesy of Weina Sun.) 


Further improvements to these systems were reported in which only eight plasmids were 
required.°°929° The plasmids contained cDNAs of genomic segments cloned in negative 
orientation with a human RNA polymerase I promoter at the 5’ end and the mouse RNA 
polymerase I terminator at the 3’ end. The cellular RNA polymerase I was responsible for 
copying the cDNA into VRNA. Downstream of the RNA polymerase I terminator was a CMV 
immediate-early promoter. A polyadenylation sequence was inserted at the other end, giving 
rise to a polymerase [IJ—driven mRNA transcript from the opposite DNA strand. Expressed 
viral proteins and vRNAs then assembled in the transfected cells and resulted in the 
formation of infectious virus derived entirely from only eight plasmids. A single plasmid 
containing the cDNAs of all eight RNAs resulted in the generation of infectious virus when 
transfected into human cells.®° Most likely, transcription of mRNA-like molecules occurred 
from this plasmid, which then gave rise to the formation of the complementing viral 
polymerase proteins. These proteins, together with the full-length vRNA segments (also 
transcribed from the plasmid), allowed rescue of fully infectious virus. Another one-plasmid 
system was developed for the rescue of influenza A viruses in chicken cells.!°*° Other 
modifications of the rescue system involve the use of uncloned PCR-amplified products, 
which obviates possible problems in cloning toxic sequences,7°!4:!°43 and the use of 
adenovirus as a vector to deliver the required plasmid constructs.°°° In past studies, others 
have demonstrated that reducing the number of required plasmids for rescue could greatly 
increase virus recovery.°°°!°*° Therefore, two plasmids, termed pRS A/PR8 7 segment and 
pRS B/Mal04 7 segment, were generated for the A/PR8 (H1N1) and B/Mal04 (Vic/87) 
viruses, respectively (Fig. 14.28B, C). The plasmids contain all of the segments of the 
influenza viral genome except HA. Viral rescue with this system requires only two plasmids: 
the pRS 7 segment plasmid and an additional plasmid encoding the HA segment. 
Transfection of the pRS rescue system results in an approximately 2-log increase in rescue 
titer over the conventional methodology (Fig. 14.28D, E).7’* De Wit et al.!®° designed a 


rescue system built on transcription by the T7 polymerase, which allows the rescue of 
influenza viruses in practically all cells independent of the species origin. 


Influenza viruses expressing foreign genes have also been generated, demonstrating the 
use of influenza virus as a vector to deliver foreign antigens to the immune system. 
Numerous approaches have been successful for the expression of foreign antigens by 
influenza viruses. These include (a) replacement of the antigenic domains of either the 
influenza HA or NA glycoproteins with epitopes from foreign proteins°°°°°® and (b) 
modification of existing viral genomic segments to express influenza viral proteins fused to 
other foreign proteins. These polyproteins can then be subsequently cleaved into two separate 
proteins. Also reported was the rescue of an influenza virus that expresses an uncleaved 
chimeric HA with a 140—amino acid insertion of the receptor-binding domain of the Bacillus 
anthracis—protective antigen (PA),°°* (c) replacement of ectodomains of surface 
glycoproteins with those of foreign glycoproteins,**’ and (d) preparation of viruses with 
foreign antigens encoded by a ninth RNA segment.79°2°1652,705 


Advantages of influenza viruses over other viruses for the expression of foreign proteins 
include the fact that influenza viruses are extremely safe as a nonintegrating and 
nononcogenic virus. Infection with influenza viruses also elicit a strong and long-lasting 
immune response, and thus recombinant influenza viruses may be useful as vaccine vectors 
in the future. The limitations related to the use of influenza viruses for the expression of 
foreign antigens include the limited (but not yet well-defined) capacity of influenza viruses to 
express foreign sequences and the requirement for packaging signals on both the 5’ and 3’ 
ends of the VRNA, which may interfere with the expression of foreign genes. 


The advances in reverse genetics technology have been of great benefit to the study of 
structure/function of different influenza virus genes and their proteins. In many cases, the 
definitive role of a gene or of a domain (or even of a single amino acid) can only be explored 
by introducing appropriate mutations into the genome of the virus and then analyzing the 
phenotype of the rescued virus. As discussed, rescue systems have been described for 
influenza A viruses*?°°**°78 and B viruses.°°*.49.49! Also, rescue systems have now been 
developed for influenza C viruses.!71%°.27,85 Influenza viruses have been generated that 
express chimeric (type A/B) HAs and NAs. For example, such viruses may express, in a type 
A genetic background, the extracellular portion (ectodomain) of an influenza B HA and/or 
NA.*47997,399 These findings show that the HA and NA of an influenza A virus can be 
functionally replaced with the corresponding protein from an influenza B virus. In turn, 
viruses have been made in the influenza B virus background expressing proteins derived 
from influenza A viruses.*°’ By taking advantage of the knowledge about packaging 
sequences, influenza A viruses have been made to contain nine segments expressing an H1 
and an H3 HA” or only seven segments.*°? In the latter virus, the HA and the NA have been 
replaced by the HEF protein of an influenza C virus. Whole-organ imaging and analysis of 
infected cells are now facilitated by chimeric influenza viruses that express a green 
fluorescent protein (GFP) molecule for visualization of influenza virus—infected 
cells,179.271,367,452,453,566,694,896,897 Reverse genetics has also been successfully used to rescue 


an influenza virus expressing all eight genes of the “extinct” 1918 pandemic virus, which has 
allowed its extraordinary virulence to be studied.°9°.9°! 


Reverse genetics has also helped in designing improved influenza virus vaccines.° The 
live attenuated pH1N1 2009 vaccine was made from a plasmid-generated strain, into which 
HA gene mutations were introduced to give high yields without changing the antigenicity of 
the strain.'*9 Also, killed and live pandemic H5N1 virus vaccines were prepared using 
reverse genetics, allowing the removal of the basic peptide from the HA cleavage site, to 
make the strains used for manufacturing less virulent.?%° 


Thogoto virus, which has six negative-strand RNA segments, has also been rescued by a 
reverse genetics system.*’*°*” The vRNAs were transcribed from the plasmids under the 
control of a polymerase I promoter, and the structural proteins were expressed from six 
plasmids driven by a T7 polymerase promoter in the presence of a T7 vaccinia recombinant. 


INHIBITORS OF INFLUENZA VIRUSES 


Because influenza viruses remain a constant health threat, major efforts have been directed at 
discovering effective antivirals over the past several decades. Presently, there are seven drugs 
available for use in humans: amantadine, rimantadine, oseltamivir, zanamivir, peramivir, 
laninamivir (in Japan), and baloxavir marboxil (Fig. 14.29). Past and current approaches to 
antiviral therapy are briefly discussed here (according to the steps in the viral replication 


cycle targeted by each drug). Extensive reviews cover the vast literature on this 
subject.28-50.64,157,190,302,363,430,481,754,805 
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FIGURE 14.29 Anti-influenza virus compounds. The chemical structures of 
(A) amantadine, (B) rimantadine, (C) oseltamivir, (D) zanamivir, (E) peramivir, 
(F) laninamivir, and (G) baloxavir marboxil are shown. (Courtesy of Kris 
White.) 


H: Endonuclease domain of PA (surface representation), bound to inhibitor baloxavir 
marboxil (sticks). 


(Courtesy of Maria Lukarska and Stephen Cusack, European Molecular Biology Laboratory.) 


Inhibition of Attachment and Uncoating 


While vaccination, in essence, targets the HA so that specific antibodies are generated that 
block attachment of the virus to the receptor, drugs that interfere with the HA-sialic acid 


interaction have not been successfully developed.!°*° This is perhaps surprising because the 
x-ray crystallographic structures of the HA and of HA-ligand complexes have now been 


known for decades. In principle, such an approach could work, '“°? but this strategy, using 
sialic acid analogs (or polymers bearing sialic acids), has not led to an FDA-approved drug. 
Whether removal of receptor molecules from the respiratory tract by administration of 
exogenous sialidase/neuraminidase is a viable antiviral approach remains to be seen. A 
sialidase fusion protein, DAS181, has been shown to be an effective antiviral strategy in 


tissue culture and animal models.*®°!° Ongoing clinical trials with this drug will demonstrate 
if it is effective in humans.!°*4 


Quinone derivatives that prevent the first stage of the conformational change of the HA 
and thus inhibit infection were discovered in 1993,°* and other compounds with a similar 
mechanism showed inhibition for some strains but not for others.'””°°° Additional examples 
include Arbidol (umifenovir) and S20.°%44°°°° Compounds have also been identified that 
appear to push the HA into an inactive state*°° or that associate with the N-terminal heptad- 
repeat trimer, thus interfering with the trimer of hairpin (helix bundle) formation.'*’ This 
latter approach would be similar to that successfully applied for human immunodeficiency 
virus (HIV) using the fusion inhibitor T-20.*°4 In addition, several other approaches aimed at 
preventing virus attachment have been reported.28°231°79.617,779.827,838 Nitazoxanide (a 
thiazolide) is thought to prevent terminal glycosylation of HA and thereby impair HA 
maturation and trafficking to the cell surface.*°!)’°’ Of these approaches, Arbidol is currently 
used in humans in Russia and China and nitazoxanide is in late-stage clinical trials. 


Monoclonal antibodies that broadly bind to the HA and block attachment to sialic acid 
receptors or fusion between viral and endosomal membranes and/or work via effector 
functions have recently been discovered and might also serve as therapeutics. A number of 
these antibodies are currently in clinical development.®**?°° Insights from these monoclonal 
antibodies have also been used to design and engineer small proteins that block attachment or 


fusion.74°.479.852,564 Tn addition, multidomain camelid antibody constructs capable of 
blocking both fusion and attachment have been developed as well.°!! Polyclonal antibodies 
in the form of influenza-specific human intravenous immunoglobulin ([VIG) are currently 
tested in clinical trials as well.” 


Another approach concerns the inhibition of the posttranslational cleavage of the HA, 
which results in a molecule unable to undergo the conformational change required for 
fusion/uncoating. Several exogenous protease inhibitors have been 
investigated,*7:71°18.1040,1041 of which aprotinin has been found to be effective in humans.!°°8 
Drugs belonging to this general class have been successful against HIV but have not been 
further developed for widespread therapeutic or prophylactic use against influenza virus in 
humans. 


Amantadine, which has been known for many decades to inhibit most influenza A 
viruses, has been found to target the M2 ion channel (for details, see M2 Protein and Fig. 
14.28A). During uptake, virus enters endosomes where the acid pH activates the ion channel, 
resulting in the transport of protons into the viral interior. This process, which is required for 
the dissociation of the RNP complex from the M1 protein and subsequent release of the RNP 
into the cytoplasm, is blocked by amantadine and its derivatives (including rimantadine; Fig. 
14.28B).7'89°8 In addition, amantadine can affect the pH regulation of vesicles involved in 
the transport of viral glycoproteins to the cell surface during assembly.®*! Thus, there are two 
possible steps at which amantadine can exert an antiviral effect: uncoating and HA stability 
(in some strains) during transport in vesicles. Unfortunately, resistance to amantadine and to 
its 10-fold more active derivative, rimantadine, develops with increased use in humans and 
animals.°!? In fact, according to Centers for Disease Control and Prevention (CDC) 
guidelines, adamantanes are not recommended for clinical use as of 2018/2019. 


Inhibitors of the Viral Replication Complex 


The vRNA-dependent RNA polymerase is a good antiviral target as it possesses unique 
features not found in the cell. In recent years, rapid progress has been made in the 
development of inhibitors of the influenza virus polymerase complex. Increases in structural 
and functional knowledge of the influenza virus polymerases are expected to even further 


catalyze the development of drugs interfering with this molecular machine.?°»7!%742.950 


Already in the 1990s, Tomassini et al.°°°-889 reported that 2,4-dioxobutanoic acid and 
2,6-diketopiperazine derivatives selectively inhibit the endonuclease activity (PA) of the 
influenza virus polymerase. Since then, rapid progress has been made with the first inhibitor 
against this activity of both the influenza A and B PA, baloxavir marboxil (S-033188), which 
is already in the market in the United States (Fig. 14.28G, H).°°+°99 Of note, resistant 
mutants have already been detected during clinical trials and at low frequency within the 
population.°°* Additional endonuclease inhibitors including AL-974 are also in 
development. !0!! 


Capped- and uncapped-RNA fragments that can interfere with cap binding, capped-RNA 
primed transcription, or panhandle formation have been reported,”°° but these compounds 
would have pharmacologic limitations because of difficulties in getting charged molecules 
into cells. A small molecule inhibitor of the cap-snatching activity of PB2, pimodivir, is 
currently being tested in late-stage clinical trials.*4° Other compounds with similar activity 
are in earlier stages of development. !49.°62:702,71 


Ribavirin (which is approved for treatment of hepatitis C) and several other nucleotide 
analogs are known to inhibit influenza virus replication in humans, but toxicity remains a 
problem.*4°29°>° For RNA viruses, most of the antiviral effects of ribavirin are likely due to 
its incorporation as a purine analog during viral replication, resulting in lethal mutations. 
Favipiravir (T-705) inhibits influenza virus RNA polymerase activity also by acting as a 
purine analog and has been shown to be effective against several RNA viruses. 18276277467 
Favipiravir is approved for use in Japan as treatment for influenza virus infections in a 
pandemic setting. Screens of small molecules have also uncovered novel inhibitors of 
influenza virus replication that target the NP and PB1 proteins.40°408.449,854,959 


Neuraminidase Inhibitors 


The study of temperature-sensitive influenza virus mutants with defects in the NA has shown 
that the function of this enzyme is to release the newly formed virus from the cell surface.°%° 
Additional studies showed that neuraminic acid analogs inhibit influenza virus replication in 
tissue culture and that aggregates of virus are formed at the cell surface in the presence of 
these drugs (Fig. 14.22).°°89* von Itzstein et al.?*! designed a derivative of neuraminic acid 
that had a guanidino group at C atom 4 instead of the OH group of the previously studied 
neuraminidase inhibitor, 2,3-didehydro-2-deoxy-N-acetylneuraminic acid (DANA).°”* This 
compound, zanamivir (Fig. 14.29), is not orally bioavailable and is FDA approved for 
administration by inhalation or by nasal spray. Most recently, intravenous administration has 
been investigated.’“* In numerous studies, this compound has been shown to be a potent anti- 
influenza drug, both prophylactically and therapeutically.'°?,29°420°908 Peramivir is 
another approved neuraminidase inhibitor that can be administered intravenously.4’°*! A 
long-acting neuraminidase inhibitor (laninamivir) that requires only a single administration 
for the entire course of treatment was recently developed and is currently approved for use in 
Japan.°’° The search for compounds with oral bioavailability led to the development of 
oseltamivir.°*° Its prodrug is an ethyl ester of a compound that has the three OH groups of C 
atoms 7, 8, and 9 of sialic acid replaced by a hydrophobic side chain, which allows the drug 
to pass through the gut and into the bloodstream (Fig. 14.29). Oseltamivir has been shown to 
be highly effective against both influenza A and B viruses, including strains containing the 
NA gene of the 1918 pandemic virus.422-490.999.8.902 Although neuraminidase inhibitor— 
resistant variants had been described with escape mutations in the HA as well as the 
NA,?1196324,428,466 it was still unexpected that such widespread resistance would be seen 
among the seasonal H1N1 viruses by the 2009 season.*!*°”9 Prior to 2007, the presence of 


the NA H274Y (H275Y in N1 numbering) mutation was associated with a cost to viral 
fitness.2’°4*° By 2008/2009, this mutation had a fitness advantage even in the absence of 
oseltamivir, and these resistant viruses were shown to be highly transmissible in a guinea pig 
model.” It has been proposed that compensating mutations in the NA resulted in a more 
stable molecule with enhanced expression at the cell surface than was observed for a mutant 
with only the H274Y mutation.°! Interestingly, for the H3N2 viruses, oseltamivir resistance is 
associated with a loss of fitness and is detrimental to transmissibility of these viruses.’>1007 
Resistant H3N2 viruses have been isolated particularly from immunocompromised patients 
undergoing therapy.°°°°’” Similarly, oseltamivir-resistant isolates of the 2009 pandemic virus 
have been observed in these patient populations but not in the community.?!®°9? Based on 
experiments in animal models, it is predicted that an H274Y change in the NA of the 2009 
pandemic virus would not be associated with any substantial loss in fitness or 
transmissibility.2°°°°””9° With this virus already being resistant to the adamantanes, 
acquisition of oseltamivir resistance would make it a multi—drug-resistant virus and a 
significant threat. Oseltamivir-resistant influenza B viruses have also been detected, although 
at a relatively low frequency.!0*428:7°! Of note, avian and zoonotic influenza viruses can also 
carry resistance mutations.7!021399,404 For H7N9, it has been shown that these mutations do 
not impact on viral fitness.*°? Fortunately, mutations associated with oseltamivir resistance 
do not generally confer zanamivir resistance, and reports of zanamivir resistance in patients 
are rare.°*> Structures of oseltamivir-resistant NAs that remain sensitive to zanamivir show 
that this is due to an altered hydrophobic pocket in the active site that affects oseltamivir but 
not zanamivir binding.'°? As an alternative to small molecule inhibitors, broadly protective 
monoclonal antibodies that inhibit the NA have recently been isolated. Like antibodies to 


HA, they are being considered for development into future therapeutics.!°°.97° 


Inhibition of Cellular Factors 


The identification of host factors that are required for optimal influenza virus replication (see 
section Cellular Functions Required for Influenza Virus Replication) provides additional 
targets that can be explored for potential antiviral development.7!176899%,742,804,807,1010 There 
are distinct advantages and disadvantages to this approach. The obvious disadvantage is that 
inhibition of a cellular activity that is essential for cell survival or growth may be detrimental 
to the host, so such proteins may not be suitable as antiviral targets. However, particularly 
with acute infections like influenza, the short duration of therapy may allow for temporary 
loss or down-regulation of a cellular function without harming the host. The major advantage 
of targeting a host factor over a viral factor is that resistance is much less likely to develop. 
There is also greater opportunity for host-directed compounds to have broad-spectrum 
activity as many viruses may rely on the same host function. For example, HSP90 inhibitors 
have been shown to inhibit influenza virus!!® and other viruses including hepatitis C virus 
and Ebola virus.°*°°*! Several inhibitors of enzymes in the de novo pyrimidine synthesis 
pathway have been shown to inhibit the replication of a wide range of viruses, including 


influenza virus,°°°7°°° presumably because viral replication is particularly dependent on 


large pyrimidine pools. Inhibitors of receptor tyrosine kinases have also been shown to 
inhibit influenza virus replication as well as other viruses.49°4% Identification of the target of 
a novel compound can be difficult, but a cellular target is strongly suggested if the compound 
can inhibit viruses belonging to different families and/or shows species-specific activity. This 
is the case with a compound shown to block replication of both influenza viruses and several 
paramyxoviruses,“"! and future identification of the target may reveal an important virus— 
host interaction. Likewise, known inhibitors of host factors or signaling pathways identified 
as critical for influenza virus replication could be repurposed as antivirals or at least chemical 
probes for investigating the function of specific virus—host interactions. Inhibitors of the 
following cellular factors have all been shown to inhibit influenza virus growth: MEK, 
CAMK2B, vATPase, and CLK1.2°4491478,720 Rather than inhibiting the activity of a required 
host protein, it is also feasible for an antiviral compound to function by activating a cellular 
factor with antiviral activity, as shown by chemical activation of REDD1 expression, which 
decreases growth of both influenza and vesicular stomatitis viruses.°°° 


PERSPECTIVES 


Human influenza viruses were first isolated in 1933, and since that time, they have been 
studied extensively. Extraordinary progress has been made in elucidating the components of 
the virus and in understanding the medical consequences of an influenza virus infection. 
Many of these discoveries have had implications far beyond the influenza virus field and 
have sparked new developments in disciplines such as immunology and protein structure as 
well as furthering our basic understanding of viruses in general. For example, the ability of 
virus to agglutinate red blood cells (hemagglutination) was first recognized as a property 
associated with influenza virus, hence the name of its major surface glycoprotein. With the 
discovery that this phenomenon extends to other viruses (e.g., measles virus, rubella virus), 
this property became the basis for viral diagnostic tests, allowing for easy detection of virus 
or of protective antibody (hemagglutination inhibition) in patient sera. The influenza virus 
neuraminidase was also the first enzyme found to be associated with an animal virus, even 
before it was recognized that viruses encode their own polymerases, including those with 
reverse transcriptase activity. The discovery of interferon by Isaacs and Lindenmann in 1957 
was the result of studying infection with heat-inactivated influenza virus (the anti-interferon 
activity of the NS1 protein was inhibited by the heat inactivation of the virus). 


Structural analyses of the HA and NA proteins helped to lay the foundation for the 
exploration of structure/function relationships of large, biologically active proteins. Today, 
the intensity of influenza research has not diminished, and a PubMed search yields more than 
100,000 entries at the time this chapter was revised. 


Many approaches that served us well in the past have now been superseded by newer 
techniques, but the contribution of these earlier techniques to our current knowledge should 
not be overlooked. The superb collections of temperature-sensitive mutants obtained and 


characterized by Akira Sugiura in Japan and by Christoph Scholtissek and Rudolf Rott in 
Germany made it possible to study the genetics of the virus on a gene-by-gene level and 
allowed the field to take giant steps forward. The early sequencing of the influenza virus 
proteins and RNAs was an effort of months, if not years. Now, this can be done in a matter of 
hours, and since the last edition of this book, there has been an enormous increase in the 
number of influenza virus sequences submitted to GenBank and GISAID. We also have 
exciting new molecular technologies (including reverse genetics) that have allowed us to 
obtain an excellent understanding of the virus on a molecular level and to learn how it has 
changed over the years. Using this technology, we have even been able to resurrect the 1918 
pandemic influenza virus from sequenced RNA fragments and to study its pathogenicity in 
animal models. Reverse genetics is also a technique that allows us to develop influenza virus 
constructs, which can induce long-lasting and broadly protective antibody responses in 
humans and animals bringing us closer to a universal influenza virus vaccine. 


What are the challenges for the future? With the threat of yet another pandemic influenza 
virus emerging, a detailed molecular understanding of virus—host interactions is needed in 
order to know how best to disable the virus. Perhaps, one of the most pressing questions is, 
what makes an influenza virus transmissible from human to human and from animal to 
animal? This aspect has been notoriously difficult to study and will require the use of 
complex animal models. On a molecular level, it will be important to learn more about the 
cell’s signaling pathways and how they are modulated during influenza virus replication. 
What makes the virus a pathogen in one species and not in another? How does the virus 
affect the host immune response, and—in turn—how is the virus globally affected by the 
immune system in humans and animals? What role does the age of a person (child, adult, 
elderly), the sex of a person,°!° and conditions/diseases (pregnancy, obesity, diabetes) play in 
influenza virus replication? What are the complicating factors (coinfection with other 
viral/bacterial agents, environmental changes) in an influenza virus infection? And last but 
not least, we need to address the question of host genetics in influenza virus infection and in 
virus infections in general. Which genetic makeup (polymorphisms and gene expression 
profiles) determines susceptibility to (and recovery from) influenza virus infection in humans 
and animals? 


These efforts will need to be accompanied by the development of reliable rapid 
diagnostic tests and safe, broadly effective antivirals. As we begin to obtain a better 
understanding of the host factors involved in influenza virus replication, we have the 
opportunity to start using these host factors as new antiviral drug targets. Potentially, this 
approach can lead to the development of broad-spectrum antivirals that can be used to treat 
influenza and other viral diseases. Since the isolation and characterization of broadly 
protective monoclonal antibodies directed against conserved portions of the HA, it is now 
possible to design novel immunogens that may serve as vaccine constructs. Such universal 
influenza vaccines may eliminate the need for annual revaccinations against influenza and 
provide protection against intrasubtype variants (antigenic drift) and against strains belonging 
to different subtypes (antigenic shift). In a new pandemic outbreak, the availability of such 
tools will be imperative. We might even consider eradicating influenza B with an effective 


universal influenza B virus vaccine since humans are the only reservoir for the virus. It is 
likely that answers to these challenges will come from a vigorous basic science enterprise, 
which has brought us a long way in the past several decades of influenza virus research. 
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INTRODUCTION 


Influenza viruses (family Orthomyxoviridae) cause highly contagious respiratory disease 
with potentially fatal outcomes. Symptoms include fever, headache, cough, sore throat, nasal 
congestion, sneezing, and body aches. Influenza viruses also cause local epidemics or 
pandemics (worldwide outbreaks) with significant infection rates. Although the economic 
burden of influenza is most prominent during pandemics, the combined annual costs of 
seasonal epidemics due to sick days, emergency room visits, and medications are significant. 
With the realization that avian influenza viruses can be directly transmitted to humans (Fig. 
15.1), influenza viruses are now considered a major, global health threat. 


FIGURE 15.1 Influenza A virus reservoir. Wild aquatic birds are the main 
reservoir of influenza A viruses. Virus transmission has been reported from wild 
waterfowl to poultry, sea mammals, pigs, horses, and humans. Viruses are also 
transmitted between pigs and humans and from poultry to humans. Equine 
influenza viruses have been transmitted to dogs. Cats can be infected by avian, 
human, or canine viruses. 


Technologies such as reverse genetics!’ have allowed the routine manipulation of 
influenza viral genomes. In addition, a number of other technologies and approaches— 
including large-scale sequencing of viral genomes (through conventional Sanger sequencing 
and next-generation sequencing); improved computational tools for sequence analysis; small 
interfering RNA (siRNA)—mediated screens; transcriptomics, proteomics, metabolomics, and 
lipidomics studies; gene knockout technologies including CRISPR/Cas9-mediated gene 
knockout; and much-improved approaches for the production of human monoclonal 
antibodies—are being used to study the viral and cellular factors that control influenza virus 
replication, interspecies transmission, pathogenesis, and host immune responses to viral 
infections. Despite recent advances, much still needs to be learned about the molecular 
determinants of these events. 


NOMENCLATURE 


Influenza viruses belong to the Orthomyxoviridae family. This family comprises seven 
genera: Alphainfluenzavirus with the species Influenza A virus; Betainfluenzavirus with the 
species Influenza B virus; Deltainfluenzavirus with the species Influenza D_ virus; 
Gammainfluenzavirus with the species Influenza C virus; Isavirus with the species Salmon 
isavirus; Quaranjavirus with the species Johnston Atoll quaranjavirus and Quaranfil 
quaranjavirus; and Thogotovirus with the species Dhori thogotovirus and Thogoto 
thogotovirus (see the International Committee on Taxonomy of Viruses Web site: 
http://www. ictvonline.org). Deltainfluenzavirus, Isavirus, Quaranjavirus, and Thogotovirus 
do not circulate in humans and will not be discussed in this chapter. Influenza A viruses are 
further classified into subtypes based on the antigenicity of their hemagglutinin (HA) and 
neuraminidase (NA) proteins; currently, 18 HA subtypes (H1—H18) and 11 NA subtypes 
(N1—N11) are known. The present nomenclature system includes type of virus, host of origin 
(except for humans), geographic site of isolation, strain number, and year of isolation, 
followed by the antigenic description of the HA and NA subtypes in parenthesis: for viruses 
isolated before 2000, the year should be given as two digits; for viruses isolated in 2000 or 
later, the year should be given as four digits. For example, A/swine/Iowa/15/30 (H1N1) 
describes an influenza A virus isolated from a pig in Iowa in 1930 with a strain number of 15 
and an H1N1 subtype. Antigenic subtypes have not been identified for influenza B and C 
viruses. Orthomyxoviruses of different genera do not cross-react antigenically. 


Seroarcheology 


Retrospective seroepidemiologic analysis, or seroarcheology, has provided information about 
influenza virus outbreaks that preceded the virologic techniques currently used to 
unequivocally identify infectious agents. Early studies suggested that the pandemic of 1889 
to 1891 was caused by a virus of the H2N2 subtype, whereas that of 1900 had been attributed 
to an H3N8 strain. More recent reevaluation of the data indicates that the 1889 to 1891 
pandemic was caused by an H3-like virus and there is no compelling evidence that links the 
H2 subtype to a pandemic other than that of 1957 (see The Pandemic of 1957— Asian 
Influenza section). The latter conclusion is substantiated by the lack of protection among 
those who were at least 80 years old during the 1957 pandemic. Seroarcheology has also 
linked the 1918/1919 pandemic to an H1 virus, a finding that has been confirmed by 
sequence determination of influenza viral RNA (vRNA) from the lung tissues of victims!!” 
(see also The Pandemic of 1918/1919—Spanish Influenza [H1N1] section). Studies using 
antibodies to the NA protein suggest that in the late 1800s, viruses of the N8 subtype were 
circulating and were later replaced by N1 and N2 subtype viruses. Thus, during the 1900s, 
only a limited number of virus subtypes (H1N1, H2N2, H3N2, H3N8) were established in 
humans. Reassortant H1N2 viruses emerged in humans in 2001 and circulated in 2002 and 
2003 but have not been isolated from humans since early 2004. 


Virus Isolation 


In 1930, the first swine influenza virus, A/swine/lowa/30, was isolated, but it was not until 
1933 that the first human virus was isolated by Wilson Smith, Sir Christopher Andrewes, and 
Sir Patrick Laidlaw of the National Institute for Medical Research in London, England. These 
investigators inoculated ferrets intranasally with human nasopharyngeal washes from an 
influenza patient. The animals exhibited an influenza-like disease, and the virus was 
transmitted to cage mates. One of their junior colleagues (later Sir Charles Stuart-Harris) 
became infected by these experimentally infected animals, and the virus was subsequently 
isolated from him. Because it was the first human influenza virus, it was named influenza A 
virus. In 1940, an antigenically distinct virus was isolated and named type B virus 
(B/Lee/40). The first influenza C virus was isolated in 1947. “Fowl plague” was first 
described in 1878 as a disease that affected chickens in Italy. The causative agent was 
isolated in 1902 (A/chicken/Brescia/1902 [H7N7]); however, it was not until 1955 that 
Schafer recognized fowl plague virus as an influenza virus. 


Virus Propagation 


Influenza viruses were first propagated in embryonated hens’ eggs, which continue to be the 
most widely used system for vaccine production, although cell culture systems are now also 
in use (see later discussion). Avian and equine strains of influenza A viruses can be isolated 
from the allantoic cavity of 10- to 11-day-old embryonated eggs after 2 to 3 days of 
incubation at 33°C to 37°C. Human influenza A and B viruses have also been isolated from 
clinical samples inoculated into the allantoic or amniotic cavity of eggs and incubation at 
33°C to 34°C. However, recent human influenza viruses of the H3N2 subtype are difficult to 
isolate from embryonated eggs because of mutations in HA that alter the receptor-binding 
specificity. Influenza virus growth in embryonated eggs leads to the selection of antigenic 
variants that are characterized by mutations in the HA protein? (see also Host Cell—Mediated 
Selection of Antigenic Variants section). Influenza C viruses amplify in the amniotic, but not 
allantoic, cavity of eggs and are usually grown for 5 days in 7- to 8-day-old embryonated 
eggs. 

Influenza viruses can also be propagated in cell culture. Madin-Darby canine kidney 
(MDCK) cells support the efficient replication of many influenza A and B viruses and are 
used to isolate viruses from human samples. Recent human H3N2 viruses do not efficiently 
grow in MDCK cells and are often amplified in modified MDCK cells overexpressing 
Siaa2,6Gal (i.e., human-type receptors; see Receptor Specificity of Influenza Viruses 
section). Although many influenza viruses can grow in African green monkey kidney (Vero) 
cells, they do so less efficiently than in MDCK cells. Cell culture systems based on MDCK, 
Vero, and PER.C6 (human primary embryonic retinoblast) cells have been developed for 
influenza virus vaccine production, and MDCK and Vero cell—based vaccines are approved 
in Europe for use in humans; MDCK cell—based vaccines are now also approved in the 
United States. Influenza viruses also replicate in a number of primary cell cultures, including 
monkey, calf, hamster, and chicken kidney cells, as well as in chicken embryo fibroblasts and 


primary human epithelial cells. With the exception of primary human airway epithelium and 
kidney cells, most cell culture systems require the addition of trypsin to cleave the HA 
protein of human viruses (except highly pathogenic H5 and H7 viruses), a prerequisite for 
efficient replication (see HA Cleavage section). 


Replication of influenza viruses in eggs or cell culture is measured by using conventional 
plaque assays, hemagglutination assays that measure the viruses’ ability to agglutinate 
erythrocytes (note that recent human H3N2 viruses have lost the ability to agglutinate 
commonly used erythrocyte species), or molecular biology techniques, such as reverse 
transcriptase (RT)—polymerase chain reaction (PCR). 


EVOLUTION OF INFLUENZA VIRUSES 


Influenza viruses evolve via a complex process that involves the accumulation of mutations 
over time and the rearrangement of VRNA segments in cells infected with two (or more) 
different viruses (known as “reassortment”). In wild aquatic birds, avian influenza viruses 
evolve slowly; while mutations occur, most are not sustained in viral populations because 
they do not provide an evolutionary advantage. The exceptions are avian viruses in terrestrial 
poultry, including highly pathogenic H5 viruses, which evolve rapidly (see Infections of 
Humans with H5 Viruses of the A/goose/Guangdong/1/1996 Lineage section). In contrast to 
most avian influenza viruses, human influenza viruses show detectable net evolution over 
time. 


Evolutionary Rates of Influenza A Viruses 


The mutation rate (i.e., the rate at which mutations occur during viral replication) is higher 
for RNA viruses than for DNA viruses. For influenza viruses, the reported mutation rates 
range from approximately 10° to approximately 10 substitutions per nucleotide site per 
cell infection (s/n/c). Not all mutations occur at the same frequency: for example, transitions 
are detected more frequently than transversions, and G-to-A mutations occur more frequently 
than other transitions. These differences in mutation rates affect the probability with which 
particular amino acid changes can be expected. In contrast to the mutation rate, the 
evolutionary rate describes the rate at which mutations are fixed in a population. The 
evolutionary rate is affected by multiple factors including the mutation rate; the fitness effect 
of mutations (mutations can be deleterious, neutral, or beneficial); clonal interference (i.e., 
the competition among different lineages with beneficial mutations); epistatic effects (in 
which the effect of one mutation is dependent on another mutation); and population and 
within-host dynamics (including population sizes and host immune selective pressure). For 
influenza viruses, the reported evolutionary rates range from approximately 5 x 10 to 
approximately 8 x 10°? substitutions per nucleotide site per year (s/n/y).!°° 


At the amino acid level, viruses from wild aquatic birds evolve slower than those from 
terrestrial poultry, swine, or humans.!°° The fact that in wild aquatic birds, most avian 


influenza A viruses seem to evolve slowly suggests that they are well adapted to their hosts. 
Thus, although mutations may occur with similar frequency to that in other hosts, they do not 
result in many amino acid changes. Among avian influenza A viruses, the evolutionary rates 
are highest for the HA, NA, and NS1 proteins, possibly reflecting their immunogenic or 
immunomodulatory functions. 


Proteins of mammalian and terrestrial poultry viruses continuously accumulate amino 
acid substitutions. For human influenza A viruses, the evolutionary rates differ among the 
proteins, likely reflecting differences in the selective pressure of the host. For example, the 
HA protein has a higher evolutionary rate than the other viral proteins, reflecting host 
immune pressure acting on HA. This is further supported by the finding that the HA head 
region (in which the antigenic epitopes are located) has a higher evolutionary rate than that of 
the HA stalk region; moreover, the antigenic epitopes exhibit a higher rate of nonsynonymous 
nucleotide changes than do other regions of HA. The human M1 and M2 proteins, encoded 
by overlapping reading frames, are under different selective pressures: for the M1 protein, a 
higher percentage of changes is silent than for the M2 protein. The M1 protein thus appears 
to be well adapted to its mammalian hosts, whereas the M2 protein is under stronger selective 
pressure. The biologic reason for the selective pressure on the M2 protein is unknown. The 
two proteins encoded by the NS vRNA segment also differ in their evolutionary rates, with 
NS1 showing more variation between alleles than NS2. High evolutionary rates have been 
reported during the establishment of new virus lineages, for example, the introduction of 
avian H1N1 influenza viruses into European pigs in 1977, the emergence of highly 
pathogenic avian H5N2 influenza viruses in poultry in Mexico in 1993/1994, and the 
emergence of highly pathogenic avian H5N1 influenza viruses in Hong Kong in 1997, which 
may reflect preferential selection of mutants that provide an advantage in a new host. 


Host-Specific Lineages, and Geographic Segregation of 
Influenza A Viruses 


Extensive phylogenetic analyses have revealed host-specific virus lineages for several viral 
genes.!>° The phylogenetic trees of the PB2, PA, NP, M1/M2, and NS1/NS2 genes (which 
encode the viral polymerase subunits PB2 and PA, the nucleoprotein NP, the matrix protein 
M1, the ion channel protein M2, the interferon-antagonist protein NS1, and the nuclear 
export protein NS2 or NEP; see Chapter 14 for more information) are similar in that they can 
be divided into two major branches consisting of avian and avian-like swine, or classic swine 
and human influenza viruses, respectively. 


The phylogenetic tree of the PB1 gene (which encodes one of the viral polymerase 
subunits) differs from those of other influenza virus genes. The PB1 genes of human H1N1 
viruses cluster with classic swine viruses, whereas the PB1 genes of human H2N2 and H3N2 
viruses form a different sublineage that reflects the introduction in 1957 and 1968 of avian 
virus PB1 genes into human influenza viruses.°”'!*° The genes other than the HA and NA of 
equine H7N7 viruses do not cluster with avian, human, or swine influenza viruses, 
suggesting their early separation into a separate lineage. 


The phylogenetic tree of the NS1 gene is divided into two alleles: A and B. All 
mammalian virus NS1 genes belong to allele A, whereas avian influenza virus NS1 genes 
can belong to allele A or B. 


The H1 HA genes can be separated into a branch consisting of avian and avian-like swine 
influenza viruses versus a branch consisting of human and classic swine viruses. The 
phylogenetic tree of the H3 HA gene consists of two major branches: one branch splits into 
two major sub-branches that represent equine/canine and North American avian virus 
isolates. The second branch can be separated into Eurasian avian viruses and human and 
swine H3 HAs that separated from the avian viruses in the 1960s. The human H3 gene has 
evolved in a single lineage since its introduction into the human population in 1968. 


The phylogenetic tree of N1 NA genes shows two major branches that separate into 
human and classic swine, or Eurasian swine and avian N1 NA genes, respectively. The 
phylogenetic tree of the N2 NA gene can be divided into a North American avian clade, and a 
second clade that evolved into Eurasian avian and human virus genes at the beginning of the 
last century. 


The bat influenza virus PB2, PB1, PA, NP, M1/M2, and NS1/NS2 genes are ancestral to 
those of other influenza A viruses.!*!!4* The bat influenza virus HA genes are more closely 
related to Group 1 HAs (i.e., H1, H2, H5, H6, H8, H9, H11, H12, H13, and H16 HAs) than to 
Group 2 HAs (i.e., H3, H4, H7, H10, H14, and H15 HAs). The bat influenza virus NA 
genes are ancestral to the known influenza A and B virus NAs.!4)!* 


These analyses also reveal that influenza virus genes can be separated by their 
geographic origin, with a North American and a Eurasian gene pool. These gene pools appear 
to evolve largely independently, although reassortment between North American and 
Eurasian viruses has been reported. 


Host-Specific Amino Acids 


Recent large-scale sequencing efforts have generated thousands of full-genome influenza 
viral sequences  (https://www.ncbi.nlm.nih.gov/genomes/FLU/Database/nph-select.cgi? 
go=database; www.fludb.org; www.gisaid.org). The comparison of viral proteins derived 
from different host species and virus lineages has revealed signature amino acids at specific 
positions that distinguish viruses of different host origins and/or from different lineages. In 
particular, comparative studies have identified a number of mammalian-adapting signature 
amino acids in highly pathogenic avian H5 influenza viruses, H7N9 influenza viruses of low 
or high pathogenicity, the pandemic 1918 virus, and A(H1N1)pdm09 viruses that may play a 
role in adaptation to humans. For some of these signature amino acids, a role in pathogenicity 
has been demonstrated (see Molecular Determinants of Host-Range Restriction and 
Pathogenesis section). 


Computational analyses of viral sequences have also identified differences in mutation 
patterns and codon usage between human and avian influenza viruses. Such approaches may 
improve our understanding of influenza virus evolution. 


Quasispecies 


The high error rate of the replication complex of RNA viruses results in the generation of 
different genetic variants within a host organism, referred to as quasispecies. In the event of 
host or environmental pressure (including innate and adaptive immune responses and 
selective pressure resulting from a host change or antiviral pressure), a quasispecies may 
become the dominant virus population. In the past, the detection of quasispecies was 
cumbersome due to the detection limits of conventional sequencing techniques. However, 
with robust deep-sequencing platforms, minor sequence variants can now be detected more 
easily. These techniques are used to assess the levels of minor variants encoding mammalian- 
adapting amino acid changes, mutations that confer resistance to antivirals, antigenic escape 
variants, and so forth. The increasing number of datasets on viral quasispecies may facilitate 
our understanding of mutational patterns, selective pressures, and evolutionary trends. 


Evolution in Influenza B and C Viruses 


Significant differences in evolutionary rates exist for influenza A, B, and C viruses. Type B 
viruses, and especially type C viruses, evolve more slowly than do influenza A viruses. Type 
B and C viruses seem to be near or at an evolutionary equilibrium in humans; in contrast, the 
genes of type A human viruses were introduced from birds and have not reached an 
equilibrium in humans. Influenza A viruses in humans evolve along single lineages, which 
suggests evolution by clonal selection and limited cocirculation of sublineages. Cocirculation 
of sublineages has been shown over only limited periods. In contrast, the evolution of 
influenza B and C viruses is characterized by the cocirculation of antigenically and 
genetically distinct lineages over extended periods of time. For influenza B viruses, two 
lineages—B/Victoria (represented by B/Victoria/2/87) and B/Yamagata (represented by 
B/Yamagata/16/88)—have been cocirculating for about 25 years with changing patterns of 
prevalence and geographic distribution. 


INFLUENZA VIRUS GENETICS 


Reassortment 


Reassortment is the rearrangement of VRNA segments in cells infected with two (or more) 
different influenza viruses (Fig. 15.2). Reassortment between 2 viruses can theoretically 
result in 256 (2°) different VRNA constellations (i.e., the 2 parental genotypes and 254 new 
VRNA combinations). Reassortment occurs for influenza A, B, and C viruses but has not 
been observed among the different types of influenza viruses. 


FIGURE 15.2 Reassortment. Coinfection of cells with 2 different influenza A 


viruses can theoretically result in 256 different genotypes (28, ie., the two 
parental genotypes and 254 new genotypes). Reassortment is a major mechanism 
for the generation of pandemic influenza viruses, as demonstrated in 1957, 1968, 
and 2009. 


The importance of reassortment to the generation of new influenza virus strains is 
highlighted by the last three pandemics, which resulted from reassortment?°/19>-!23.130 (see 
The Pandemic of 1957—Asian Influenza [H2N2]; The Pandemic of 1968—Hong Kong 
Influenza [H3N2]; and The H1N1 Pandemic in 2009 sections). In addition, the highly 
pathogenic H5 viruses currently circulating in Southeast Asia and other parts of the world 
arose from multiple reassortment events among avian influenza viruses!*“°7*.8*; these 
viruses continue to undergo reassortment, including reassortment between the HA and NA 
VRNA segments of different subtypes (see Infections of Humans with H5 Viruses of the 
A/goose/Guangdong/1/1996 Lineage section). Similarly, the H7N9 viruses that emerged in 
China in 2013 resulted from reassortment among avian influenza viruses®’ and have 
undergone additional reassortment since their emergence (see Infections of Humans with 
Low and Highly Pathogenic H7N9 Viruses section). 


In addition to reassortment events that create new pandemics, reassortment has also 
resulted in multiple novel influenza virus lineages in pigs and poultry. For human influenza 
viruses, intrasubtypic reassortment may be more important than previously thought and may 
have led to the epidemics observed with reassorted H1N1 viruses in 1947 and 1951, 
reassorted H2N2 viruses in 1967, and reassorted H3N2 viruses in 1997 and 2003. 


In experimental settings, multiple reassortants can be generated between highly 
pathogenic avian H5N1 and human H3N2 or A(H1N1)pdm09 viruses; between 
A(H1N1)pdm09 and seasonal H1N1 or avian H9N2 viruses; between human H3N2 and 
genetically distant equine H7N7 viruses; and between avian H7N3 and A(H1N1)pdm09 
viruses. However, not all VRNA segment combinations can be generated experimentally, and 
others may not be compatible in nature. Experimentally generated reassortant viruses have 
also been used to assess the virulence determinants of the 1918 pandemic virus and to study 
the determinants of influenza H5, H7, and H9 virus transmissibility in mammals. 


Recombination 


For negative-sense RNA viruses, homologous recombination is uncommon; however, 
recombination by “template switching” can occur and lead to increased biologic fitness of the 
virus. For example, the insertion of 54 nucleotides of 28S ribosomal RNA into the 
A/turkey/Oregon/71 HA gene increased HA _ cleavability.°° Similarly, an 
A/seal/Massachusetts/1/80 variant contained a 60-nucleotide insertion (derived from the NP 
gene) in its HA gene, which also enhanced HA cleavability. Avian influenza viruses of low 


pathogenicity have converted to high pathogenicity following the insertion of 21 nucleotides 
of the M segment or 30 nucleotides of the NP segment into the HA segment. Serial egg 
passages of an A/WSN/33 virus containing a 24-amino-acid deletion in the NA stalk led to 
variants that replicated efficiently in eggs. The NA stalk of these variants contained 
sequences that originated from the PB1, PB2, and NP genes. In another example, a virus 
contained an NP gene that likely resulted from intracistronic recombination between two NP 
segments. In this case, it is unclear whether the recombination event provided a selective 
advantage to the virus. 


Defective Interfering (DI) Viral RNAs and Particles 


DI vRNAs possess large internal deletions in a viral genome segment, while the terminal 
regions of the vVRNAs (which contain the viral promoters for replication and transcription) 
remain intact. The internal deletions result from replication errors in which the viral 
polymerase complex falls off the template and reinitiates replication at a downstream site. DI 
VRNAs have been reported for all influenza vVRNAs but occur most frequently for the three 
largest VRNAs that encode the polymerase proteins. Due to their reduced length, DI VRNAs 
are replicated faster than the parent vRNA, resulting in “interference” with the replication of 
the parent VRNA. DI vRNAs can be packaged into virus particles; these DI particles are 
“defective” because they lack a full viral genome and cannot initiate a new round of 
replication and progeny virus generation. DI vRNAs are frequently detected under 
experimental conditions but are also found in clinical samples. Their role in the viral life 
cycle is not understood, although they may stimulate innate immune responses. 


Reverse Genetics 


Highly efficient systems are now in place for the artificial generation of influenza A,?9! B, 
and C viruses and of Thogotovirus. These systems rely on the intracellular synthesis of 
influenza vVRNAs by a cellular enzyme, RNA polymerase I, that transcribes ribosomal RNA 
in the nucleus of eukaryotic cells. The influenza viral segments are encoded by cDNAs 
flanked by the RNA polymerase I promoter and the RNA polymerase I terminator or a 
ribozyme sequence. RNA polymerase I transcription in transfected cells results in the 
efficient synthesis of RNA transcripts with defined 5’ ends, whereas the integrity of the 3’ 
ends is achieved by using the nucleotide-specific RNA polymerase I terminator or a self- 
cleaving ribozyme. To generate influenza viruses, cells are transfected with RNA polymerase 
I plasmids to provide all eight VRNAs, as well as with up to four plasmids for the expression 
of the polymerase and NP proteins that are required to initiate viral replication. These 
systems have revolutionized influenza virus research in that they allow researchers to study 
the functions of viral proteins in the viral life cycle, as well as their roles in pathogenesis and 
hostrange restriction. Moreover, these systems are now used to generate recombinant 
influenza viruses expressing fluorescent proteins that can be used to monitor the infection 
process in live animals, thus providing novel insights into influenza target cells and the 
dynamics of virus spread. 


Most importantly, reverse genetics systems are now invaluable tools for the generation of 
influenza virus vaccines and vaccine vectors. In fact, reverse genetics has permitted the 
generation of inactivated and live vaccine strains for H5 and H7 viruses that could not have 
been produced by conventional approaches because highly pathogenic viruses kill chicken 
embryo, resulting in low vaccine yield; this hurdle was overcome with genetically modified 
vaccine strains of low pathogenicity in eggs. In addition, reverse genetics systems have 
opened the door for conceptually novel vaccine candidates including vaccines with chimeric 
or headless HAs or single-cycle replication viruses (see Vaccines section). 


INFLUENZA IN HUMANS—PAST PANDEMICS 


Pandemics are outbreaks that impact large geographic areas and large portions of the 
population in a short period of time. Pandemics are the most dramatic manifestation of 
influenza, attacking 20% to 40% of the world population and causing significant mortality. 
Influenza pandemics have occurred in 10- to 40-year intervals, although reliable records only 
date back to the 1918/1919 pandemic (Fig. 15.3). The cumulative death toll of epidemics in 
interpandemic periods, although less dramatic, parallels those of pandemics. 


——a 
1977 s 
H1N1 
4950 Russian 
fan — €ian} 


Eurasian avian-like 


~ 2009 


a 


Triple reassortant 


FIGURE 15.3 Evolution of influenza A viruses circulating in humans. An 
avian H1N1 virus caused the Spanish influenza in 1918. Its descendants 
circulated until the mid-1950s and reemerged in 1977, causing the Russian 
influenza. Viruses of this lineage continued to circulate in human populations 


until 2009. The 1957 pandemic was caused by an H2N2 virus that acquired its 
HA, NA, and PB1 vRNA segments from an avian H2N2 virus. A similar 
reassortment event in 1968 resulted in the introduction of avian virus HA and 
PB1 vRNA segments into the human population, causing the 1968 pandemic. 
H3N2 viruses circulate in humans to this day. In 2009, reassortment of triple 
reassortant swine viruses and Eurasian avian—like swine viruses (which donated 
the NA and M vRNA segments) resulted in the A(H1N1)pdm09 virus, which 
replaced the then-circulating H1N1 viruses. Sporadically, humans are infected by 
avian influenza viruses of the H5, H7, or H9N2 subtypes. 


The Pandemic of 1918/1919—Spanish Influenza (H1N1) 


The pandemic of 1918/1919 remains unprecedented in its severity. It killed more people than 
World War I and reduced life expectancy in the United States by 10 years. AIDS has killed 
25 million people in its first 25 years—the Spanish influenza killed an equal number in 25 
weeks (from September 1918—March 1919). This pandemic occurred in three waves. In the 
spring of 1918, a mild respiratory disease started at Fort Funston, Kansas (now Fort Riley), 
attributed to a soldier who had been cleaning pig pens. There is no mention of the presence of 
poultry in the camp at that time. The disease spread among soldiers from Fort Funston along 
the rail lines to other military bases and cities in the United States and on troopships to 
Europe. This first wave was highly contagious but caused few deaths and received limited 
attention in most parts of the world. In Spain, a neutral country without news censorship, the 
outbreak was covered extensively by news media and was soon referred to as the “Spanish 
influenza.” In late August, a second wave with a higher mortality rate started, probably in 
Western France, from where it spread around the world; this wave peaked between 
September and November. During that time, death tolls reached more than 10,000 people per 
week in some US cities. About one-third of the US population became sick, and the mortality 
rate was estimated to be over 2.5%, compared to less than 0.1% in typical influenza 
outbreaks. These figures reflect the impact of the pandemic on the developed world; death 
rates are believed to have been significantly higher in African and Asian countries. In some 
isolated populations, the mortality rate reached 70%, likely because of the lack of previous 
exposure to influenza virus. A third wave of similar impact to that of the second wave struck 
in late 1918/early 1919. 


Typically, the onset of symptoms was sudden, with high fever, severe headache and 
myalgia, cough, pharyngitis, and coryza. Pathologic findings were mostly restricted to the 
respiratory tract; death was often due to secondary bacterial pneumonia and respiratory 
failure. There was no evidence of systemic viral infection. Most patients died of secondary 
bacterial pneumonia, but some showed massive acute pulmonary hemorrhage or pulmonary 
edema, indicating the extreme virulence of the virus. The high rate of bacterial complications 
may be attributed to the lack of antibiotics at that time. 


Age-specific morbidity was similar to that of other pandemics, with children younger 
than 15 years experiencing the highest infection rates. The mortality pattern, however, 
differed significantly from that of other influenza virus outbreaks. In typical influenza 
outbreaks, the highest death rates are observed in very young children and in the elderly. In 
1918 and 1919, many deaths occurred among young, otherwise healthy adults. The death rate 
for the 15- to 35-year-old age group was 20 times higher in 1918 than in previous years, and 
persons younger than 65 years accounted for more than 99% of excess deaths. In particular, 
people born in 1889, the year of the outbreak of the then most recent pandemic (which, based 
on seroarcheological studies, was caused by an H3 virus), suffered from a high mortality rate. 
These findings suggested that prior exposures to influenza viruses shaped the immune 
response to infection with the 1918 pandemic virus. 


The origin of the 1918/1919 virus remains an enigma. In 1927, E. Jordan published a 
comprehensive review of the origin of the pandemic. He found no evidence that the disease 
had originated in China. He also evaluated two reports that described local outbreaks of 
respiratory infections associated with high mortality and heliotrope cyanosis, which was 
observed during the 1918/1919 outbreak, in army camps in Etaples in Northern France in the 
winter of 1916 and in Aldershot barracks in March 1917. He dismissed both reports because 
the disease did not spread but disappeared after short episodes. The most likely origin of the 
pandemic was Haskell County, Kansas, where Dr. L. Miner noticed an outbreak of influenza 
in early February 1918 that differed from other influenza outbreaks in that it attacked young, 
healthy adults, who developed pneumonia that often led to sudden death. Dr. Miner’s 
observations were published in Public Health Reports (now Morbidity and Mortality Weekly 
Report) and appear to be the first reference to the 1918/1919 pandemic. Men from Haskell 
County reported to Fort Funston for military training between February 26 and March 2, 
1918. On March 4, the first soldier at the camp was reported ill; within a 3-week period, 
more than 1,100 soldiers at the camp required hospitalization. 


Seroarcheology suggested that the causative agent was an HI1N1 virus. This was 
confirmed by Taubenberger et al., who recovered vRNA from formalin-fixed, paraffin- 
embedded tissues from two soldiers who died in 1918 and from an Inuit female of unknown 
age whose body was exhumed from a mass grave in the permafrost of Alaska.!!7-!99 RT-PCR 
amplification of the VRNAs provided viral gene sequences. Phylogenetic analyses revealed 
that 1918 Spanish influenza virus proteins contain both “avian-like” and “human-like” 
signature amino acids (see Host-Specific Amino Acids section). Further analysis suggested 
that the 1918 virus genes were not directly transmitted from an avian species but likely 
circulated in a mammalian host for several years before causing the pandemic outbreak in 
1918. Another study suggested that reassortment between human and avian influenza viruses 
created the 1918 pandemic virus. 


Reconstitution of the 1918 Spanish influenza virus by use of reverse genetics 
demonstrated its high pathogenicity in mice, ferrets, and nonhuman primates.’*!4?-!“4 In 
nonhuman primates, the virus caused severe respiratory disease with extensive edema and 
hemorrhagic exudates, similar to reports of human infections. Rapid recruitment of 
macrophages and neutrophils was observed in the lungs of infected mice, in line with 


findings of altered immune responses in infected mice and nonhuman primates. In both 
animal models, infection with 1918 virus resulted in dysregulated host responses to viral 
infection. In contrast to its high virulence in humans, mice, ferrets, and nonhuman primates, 
the 1918 virus is of low pathogenicity in pigs, guinea pigs, chickens, and mallard ducks. In 
one study, VRNA segments of naturally occurring viruses were identified that differed by a 
small number of mutations from those of the 1918 pandemic virus. A virus composed of 
these naturally occurring, “1918-like” avian VRNA segments was more pathogenic in mice 
and ferrets than a low pathogenic avian influenza virus. Consecutive passages in ferrets 
yielded an “1918-like” avian virus with seven amino acid mutations in HA and the 
polymerase complex that together conferred respiratory droplet transmissibility in ferrets. 
This study demonstrated that viruses with “1918-like” genes still circulate in nature. 


Studies with reassortant and mutant 1918 viruses indicated a role in virulence for several 
viral proteins (see later discussion and Molecular Determinants of Host-Range Restriction 
and Pathogenesis section), in particular, HA and the polymerase proteins. Both HA and PB2 
are critical for 1918 virus transmissibility in ferrets.'4” Reassortants possessing the 1918 HA, 
or HA and NA, vRNA segments are highly pathogenic in mice. Moreover, reassortant viruses 
containing the 1918 HA gene induce high levels of macrophage-derived cytokines and 
chemokines, which stimulate inflammatory cell infiltration and hemorrhage—hallmarks of 
Spanish influenza infection. 


The amino acids at HA positions 190 and 225 determine the receptor-binding specificity 
of H1 HA proteins (see Receptor Specificity of Influenza Viruses section). The reconstituted 
A/South Carolina/1/1918 (SC18) virus encodes aspartic acid (i.e., “human-type”) amino 
acids at both positions, conferring binding to Siaa2,6Gal and respiratory droplet transmission 
in ferrets. The reconstituted A/New York/1/1918 virus possesses HA-190D, but HA-225G 
(i.e., the “avian-type” residue), resulting in dual binding to Siaaw2,6Gal and Siaa2,3Gal and 
less efficient respiratory droplet transmission in ferrets compared with the SC18 isolate. An 
artificially generated mutant 1918 virus encoding the “avian-type” residues (HA-190E and 
HA-225G) no longer bound to human-type receptors and did not transmit among ferrets, 
although the mutant virus maintained its lethal phenotype in infected animals.'“* Autopsy 
samples of people who succumbed to the 1918 pandemic revealed that samples from the 
spring of 1918 predominately encoded HA-225G (i.e., the “avian-type” amino acid), whereas 
most samples from the fall of 1918 encoded HA-225D (i.e., the “human-type” amino acid); 
however, the distribution of viral antigen in respiratory tissues was not significantly different 
between autopsy samples harboring the HA-225G or HA-225D variants. The HA variants 
may reflect adaptation to humans, or they may reflect adaptation to specific cell types, as 
shown with the A(H1N1)pdm09 HA-225G variants found in human lungs. 


The NS1 protein is an interferon antagonist and, as such, is considered a determinant of 
pathogenicity. The 1918 virus NS1 gene blocks the expression of interferon (IFN)-regulated 
genes more efficiently than does the parental A/WSN/33, and the PDZ ligand domain motif 
of the 1918 NS1 protein (formed by the four C-terminal amino acids of this protein; see The 
NS1 Protein section) increased the virulence in the background of A/WSN/33 virus. In 
addition, the PB1-F2 protein (see The PB1-F2 Protein section) of the 1918 virus contributes 


to virulence. Further studies using recombinant viruses found no significant contributions of 
the 1918 M and NP vRNA segments to viral pathogenicity. 


The Pandemic of 1957—Asian Influenza (H2N2) 


This pandemic originated in the Southern Chinese province of Guizhou in February 1957 and 
spread to Hunan Province and to Singapore and Hong Kong in March and April, respectively. 
In May 1957, the causative agent of the outbreak, an influenza A virus of the H2N2 subtype, 
was isolated in Japan. A first wave struck the United States and United Kingdom in October 
1957 and was followed by a second wave in January 1958. The infection rate was highest in 
5- to 19-year-olds, in whom it exceeded 50%. Both waves were characterized by heightened 
mortality, with about 70,000 deaths in the United States and more than 1 million deaths 
worldwide. 


Genetic and biochemical analyses indicated that the 1957 pandemic virus originated from 
reassortment between human and avian viruses (Fig. 15.3). It contained H2 HA and N2 NA 
genes of avian virus origin.'** Because the pandemic virus did not appear to be 
extraordinarily pathogenic, the increased mortality is attributed to the lack of preexisting 
immunity among humans to the new surface glycoproteins of this virus. In addition to avian 
virus HA and NA genes, the 1957 pandemic virus also possessed a PB1 gene of avian virus 
origin.°” The contribution of this gene segment to the pathogenicity of the 1957 pandemic 
virus is unknown. 


Influenza viruses of the H2 subtype continue to be isolated from avian species and were 
isolated from pigs in 2006. A risk assessment of greater than 20 avian H2N2 viruses collected 
over 6 decades demonstrated binding to avian-type receptors (see Receptor Specificity of 
Influenza Viruses section), a lack of markers of adaptation to mammals, and antigenic 
properties similar to those of the prototype pandemic H2N2 virus. However, several viruses 
replicated in mice and/or ferrets, and three were transmitted to ferret cage mates. Since 
vaccination against H2N2 viruses was discontinued in the late 1960s, only individuals 50 
years of age or older have protective antibodies against this subtype, suggesting that a new 
pandemic by an H2 virus would cause appreciable excess morbidity and mortality in a large 
section of the population. However, avian H2N2 viruses have evolved slowly, so the 
pandemic H2N2 vaccine from 1957 still protects mice against recently circulating avian or 
swine H2 strains; this vaccine may therefore provide a first line of defense in the event of an 
H2N2 pandemic. 


The Pandemic of 1968—Hong Kong Influenza (H3N2) 


Eleven years after their emergence, viruses of the H2N2 subtype were completely replaced 
by those of the H3N2 subtype (Fig. 15.3). The first signs of a new pandemic emerged in 
Southern Asia in the summer of 1968. A virus of the H3N2 subtype was isolated in Hong 
Kong in July 1968, which soon spread around the world. The attack rates reached 40% and 
were highest in 10- to 14-year-olds. The excess mortality was estimated to be 33,800 in the 
United States. 


The 1968 pandemic virus contained an avian virus HA protein of the H3 subtype! that 
shared less than 30% sequence homology with its predecessor. However, preexisting 
antibodies to the N2 protein in human populations likely accounted for the moderate severity 
of the outbreak. In addition to an avian H3 gene, the 1968 pandemic strain also acquired an 
avian virus PB1 gene,°’ as did the 1957 pandemic strain. It is unknown whether the 
introduction of an avian virus PB1 gene into the human population contributed to the 
pathogenicity of the 1968 pandemic virus. The HA and PB1 genes originated from viruses of 
the Eurasian avian lineage, consistent with epidemiologic findings that Asia was the likely 
origin of the pandemic. Since the pandemic in 1968, H3N2 viruses have continued to 
circulate in humans and are now referred to as “seasonal” or “human” H3N2 influenza 
viruses. 


The Reemergence of H1N1 Viruses in 1977—Russian 
Influenza 


The first signs of a new influenza virus outbreak were noted in Tianjin, China, in May 1977. 
From November 1977 through the end of 1978, young adults around the world suffered from 
an influenza virus outbreak in the Union of Soviet Socialist Republics and in China. The 
United States experienced a similar outbreak in mid-January 1978, and outbreaks in other 
countries occurred during the following winter. Among school-age children, the attack rates 
were more than 50%. Morbidity was almost exclusively limited to persons younger than 25 
years, suggesting that older individuals were protected by preexisting immunity. This 
assumption was proven when the causative agent was identified as an influenza H1N1 virus 
(A/USSR/77) closely related to strains that had circulated in the early 1950s (Fig. 15.3). This 
close relationship and the lack of mutations that are typically acquired during replication 
argued against maintenance of the virus in a nonhuman species. It is now believed that 
accidental release of this virus or a vaccine trial with an insufficiently attenuated live virus 
started the pandemic. In contrast to 1968, when the newly emerging H3N2 viruses replaced 
the circulating H2N2 viruses, replacement of H3N2 viruses did not occur in 1977 with the 
reemergence of H1N1 viruses. Instead, both H1N1 and H3N2 viruses continue to circulate to 
this day. 


The H1N1 Pandemic in 2009 [A(H1N1)pdm09] 


The first reports of an influenza-like outbreak in a small Mexican town can be traced back to 
mid-February 2009. In mid-April, genetically similar swine-origin H1N1 influenza A viruses 
were detected in several specimens collected in Southern California and Mexico.*%!°° The 
novel virus spread rapidly among humans across different continents, prompting the World 
Health Organization (WHO) to declare Phase 6 (pandemic phase, which is characterized by 
community-level outbreaks with human-to-human spread in at least two countries in more 
than one WHO region) on June 12, 2009. The WHO suggested the name A(H1N1)pdm09 for 
the new virus. This outbreak marked the first pandemic in more than four decades. Viruses of 
the H1N1 subtype have circulated in humans since 1977; hence, pandemics are not limited to 


viruses with novel HA subtypes (i.e., those not recently circulating in humans) but can be 
caused by viruses possessing HA subtypes that are circulating in human populations, as long 
as the novel HA is antigenically distantly enough from its predecessor to escape human 
immune responses. 


The pandemic virus spread rapidly and replaced the H1N1 viruses previously circulating 
in humans. The Southern Hemisphere (where the influenza season lasts from May— 
September) experienced significant pandemic influenza activity from May to mid-July of 
2009; the United States experienced a first wave in May and June and a second wave that 
started in late August and peaked during the 2nd week of October. The Centers for Disease 
Control and Prevention (CDC) estimated that between 151,700 and 575,400 people died 
worldwide from A(H1N1)pdm09 infections during its ist year of circulation 
(https://www.cdc.gov/flu/pandemic-resources/basics/past-pandemics.html). Morbidity and 
mortality rates differed significantly between age groups.*° In contrast to seasonal influenza 
epidemics, the elderly experienced a low infection but high case fatality rate. The low 
infection rate among the elderly can be explained by serum cross-reactivity between 
A(H1N1)pdm09 viruses and close descendants of the pandemic 1918 virus,°?°? which is a 
consequence of shared antigenic epitopes between the HA proteins of these two viruses. 
Those aged 5 to 59 years accounted for the highest absolute numbers of deaths and cases of 
pneumonia, in contrast to seasonal outbreaks. Epidemiologic data identified several factors 
associated with an increased risk of severe disease, including pregnancy (particularly in the 
last trimester), underlying chronic conditions, and obesity. 


Human infections with A(H1N1)pdm09 viruses typically caused mild upper respiratory 
tract illnesses with fever, cough, sore throat, shortness of breath, headache, and 
rhinorrhea.7®19>-!09 Tn addition, gastrointestinal symptoms (which are unusual with seasonal 
influenza infections) were reported in some cases. In some patients, respiratory and 
multiorgan failure occurred, leading to death. These severe infections caused diffuse alveolar 
damage, hemorrhagic interstitial pneumonitis, and peribronchiolar and_ perivascular 
lymphocytic infiltrates (Fig. 15.4), similar to human infections with avian H5N1 viruses (see 
Infections of Humans with H5 Viruses of the A/goose/Guangdong/1/1996 Lineage section). 
These findings are in line with animal infection studies that demonstrated more severe lung 
lesions and higher lung virus titers in mice, ferrets, and nonhuman primates infected with 
A(H1N1)pdm09 virus compared with seasonal influenza virus infections.°%®°!°! In 
nonhuman primates, viral antigen was detected in type 1 and 2 pneumocytes, as has been 
reported for some human cases of A(H1N1)pdm09 infection and for nonhuman primates 
infected with avian H5N1 influenza virus. Efficient replication in type 1 and 2 pneumocytes 
in the infected lung (which likely contributes to the observed alveolar damage) may thus be a 
hallmark of severe influenza virus infections. In many human A(H1N1)pdm09 cases, 
bacterial coinfections were detected (Fig. 15.4), a finding that has rekindled interest in the 
contribution of bacterial infections to influenza-related morbidity and mortality. 
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demonstrate intra-alveolar hemorrhage (A) with type 2 pneumocyte hyperplasia 
(B) and organizing fibrosis (C). Viral antigens are primarily observed in type 1 
and type 2 pneumocytes (D,E). Histopathology studies also revealed bacterial 
coinfections, as shown for Streptococcus pneumoniae antigens (F) and gram- 
positive cocci (G) in the same serial section and for group A Streptococcus 
antigens (H) and gram-positive cocci (I) in the same serial section. (From Shieh 
WJ, Blau DM, Denison AM, et al. 2009 pandemic influenza A (H1N1): 
pathology and pathogenesis of 100 fatal cases in the United States. Am J Pathol 
2010;177:166—175, with permission.) 


Sequence and phylogenetic analyses revealed that the A(H1N1)pdm09 virus possesses 
PB2 and PA vRNA segments of North American avian virus origin; a PB1 vRNA segment of 
human H3N2 virus origin; HA (H1), NP, and NS vRNA segments of classic swine virus 
origin; and NA (N1) and M vRNA segments of Eurasian avian virus origin®?!-!°° (Fig. 
15.3). In line with its presumed porcine origin, the virus replicates efficiently, but without 
symptoms, in experimentally infected miniature pigs and transmits efficiently among pigs. 
Other studies have demonstrated efficient transmission of A(H1N1)pdm09 viruses in ferrets. 
In nature, A(H1N1)pdm09 viruses have also infected turkeys, cats, dogs, and ferrets. The 
widespread circulation of A(H1N1)pdm09 viruses may lead to reassortment with other 
human, swine, or avian influenza viruses. In fact, the pandemic virus has infected pigs, and 
reassortment with swine influenza viruses has been reported. Experimental studies 
demonstrated ready reassortment of A(H1N1)pdm09 viruses with avian HSN1, avian HON2, 
or contemporary human influenza viruses; some of these reassortants showed increased 
replicative ability compared with the A(H1N1)pdm09 parental viruses. 


In the United States and Europe, the first vaccines to the novel virus were approved in 
September 2009 (after the first and second waves of the pandemic had already swept through 
many communities). A(H1N1)pdm09 viruses have now become seasonal influenza viruses 
and are part of annual trivalent and quadrivalent influenza vaccines (see also Vaccines 
section). 


INFLUENZA IN HUMANS—EPIDEMIOLOGY 


Since 1977, seasonal H1N1 and H3N2 viruses have been circulating together with influenza 
B viruses; in 2009, the seasonal H1N1 viruses were largely replaced by A(H1N1)pdm09 
viruses. The prevalence of these groups of viruses varies geographically and temporally, 
making influenza virus epidemiology complex. 


Several studies have assessed the global circulation patterns of influenza viruses; some 
analyses indicate that human H3N2 and H1N1 epidemic strains originate from Southeast 
Asia, from where they are seeded into temperate regions. Temporally overlapping epidemics 


in Southeast Asia result in continuous virus circulation. Even though influenza viruses 
circulate in tropical regions throughout the year, seasonality has been observed in these areas, 
although it is less pronounced than in temperate climates. In the temperate regions of North 
America and Europe, multiple variants may circulate during the early epidemic period, which 
are replaced by a dominant variant at the peak of an epidemic. 


The epidemiology of human influenza viruses is defined by their constant antigenic 
variation to escape the host immune response. Unlike most other respiratory viruses, 
influenza viruses possess two different mechanisms that allow them to reinfect humans and 
cause disease—antigenic drift and antigenic shift. 


Antigenic Drift 


Antigenic drift describes gradual antigenic changes in the HA and/or NA proteins as a result 
of the accumulation of point mutations in the antigenic epitopes. In humans, antigenic drift 
variants result from the positive selection of mutants by neutralizing antibodies circulating in 
the infected individual. These variants can no longer be neutralized by antibodies to the 
“parental” strains. Antigenic drift variants cause epidemics and require the update of the 
vaccine strain; they typically prevail for 1 to 5 years before being replaced by a different 
variant. Antigenic drift has also been observed among influenza viruses in terrestrial poultry, 
pigs, and horses, although to a lesser extent than in humans. 


Antigenic Drift of the HA Protein 


The HA protein is the major antigenic component of the virus. Its function and structure are 
described in more detail in Chapter 14. The rate of antigenic drift of human H3 virus HAs 
has been faster than that of human H1 virus HAs, necessitating the update of the H3 vaccine 
component 19 times since 1968, whereas the H1 component has been replaced only nine 
times. The HA of A(H1N1)pdm09 viruses has undergone limited antigenic drift since its 
emergence, with one vaccine strain update in 2017. 


Three major categories of HA epitopes have been identified as the following: (a) epitopes 
in the HA head with high sequence variability, which are immunodominant and primarily 
responsible for antigenic drift; (b) highly conserved epitopes in the HA stalk region, which 
do not play a role in antigenic drift but, instead, are attractive targets for the development of 
“universal” vaccines that elicit broadly protective antibodies that interact with HAs of 
various subtypes (see Vaccines section); and (c) conserved epitopes in the HA head, which 
are targeted by antibodies that confer various levels of cross protection (although not 
necessarily heterosubtypic cross protection). 


For H3 HA, five immunodominant antigenic domains with high sequence variability 
have been identified’!'°*5715® (Fig. 15.5A): site A is formed by a protruding loop (amino 
acids 140-146); site B is formed by another loop (amino acids 155-160) and an a-helix 
(amino acids 188-198) and is situated at the membrane distal end of HA; site C is located at 
the base of the globular domain in the antiparallel sheet of HA1; site D is situated near the 
trimeric interface of the globular head domains; and site E lies near the bottom of the 


globular distal domain between sites C and A. Based on limited experimental and 
computational modeling data, the immunodominant antigenic epitopes of H7 HAs are likely 
similar to those of H3 HAs, reflecting the phylogenetic relationship between these two 
subtypes. 


FIGURE 15.5 Crystallographic structures of influenza A virus H3 and H1 
HA proteins. A: Crystallographic structure of the trimeric complex of influenza 
A virus H3 HA protein (Protein Data Bank #1HGD) showing the locations of the 
five antigenic epitopes: antigenic site A (amino acids 122, 124, 126, 130-133, 
135, 137, 138, 140, 142-146, 150, 152, 168), red; antigenic site B (amino acids 
128, 129, 155-160, 163-165, 186-190, 196-198), green; antigenic site C (amino 
acids 44—48, 50, 51, 53, 54, 273, 275, 276, 278-280, 294, 297, 299, 300, 304, 


305, 307-312), blue; antigenic site D (amino acids 96, 102, 103, 117, 121, 167, 
170-177, 179, 182, 201, 203, 207-209, 212-219, 226-230, 238, 240, 242, 244, 
246-248), yellow; and antigenic site E (amino acids 57, 59, 62, 63, 67, 75, 78, 
80-83, 91, 92, 94, 109, 260-262, 265), purple. B: Crystallographic structure of 
the HA protein of A(H1N1)pdm09 virus. Shown is the trimeric complex with the 
antigenic sites Ca (amino acids 140-145, 169-173, 206-208, 224, 225, 238-— 
240), orange; Cb (amino acids 79-84), dark blue; Sa (amino acids 128, 129, 
156-160, 162-167), red; and Sb (amino acids 187-198), light blue. (B: 
Reproduced from Xu R, Ekiert DC, Krause JC, et al. Structural basis of 
preexisting immunity to the 2009 H1N1 pandemic influenza virus. Science 
2010;328:357—360, with permission.) 


For H1 viruses, the immunodominant antigenic sites are designated Cal, Ca2, Cb, Sa, 
and Sb*? (Fig. 15.5B). Some overlap exists among these sites. For H5 HAs, several x-ray 
crystallographic structures, some with monoclonal antibodies bound, have been resolved. 
Depending on the virus and antibodies used for the analysis, three to five immunodominant 
antigenic sites that confer neutralization have been identified, some of which overlap with 
antigenic sites in H3 or H1 HA proteins. 


Numerous studies have analyzed antigenic drift in nature. In the laboratory, antigenic 
drift has historically been mimicked by virus propagation in the presence of monoclonal 
antibodies to a single site, with a low frequency of variant selection. Over the past decade, 
novel molecular virology methods have been established in which reverse genetics-generated 
mutants have been tested for their antigenic properties. In other approaches, virus libraries 
comprising millions of mutant viruses with arbitrary or specific mutations at random or 
preselected amino acid positions have been generated and incubated with ferret sera and/or 
human sera to select potential antigenic escape variants. The selected variants are then tested 
for their antigenic properties by using hemagglutination-inhibition (HI) and/or focus 
reduction assays (FRA). The visualization and analysis of the resulting data can be achieved 
through antigenic cartography, a computational method based on HI or FRA data that 
provides an interpretation of antigenic clusters and their relationships, as well as the extent 
and directionality of the antigenic drift!*? (Fig. 15.6). Antigenic cartography is now routinely 
used by the WHO for the selection of vaccine strains. 


FIGURE 15.6 Antigenic cartography. The map shows seasonal H3N2 viruses 
from 1968 to 2003. Each open circle represents an antiserum used for analysis. 
Each colored circle represents an H3N2 strain tested by using the 
hemagglutination-inhibition assay against the selected antisera. The distances 
between strains and antisera are relative to their antigenic distances (in HI units). 
The spacing between the grid lines is equivalent to a twofold dilution of 
antiserum in the HI assay. Typically, fourfold changes in HI titers (i.e., two 
gridlines in the map) require an update of the vaccine. The different colors 
represent the antigenic clusters to which the strains belong (HK68, Hong Kong 
1968; EN72, England 1972; VI75, Victoria 1975; TX77, Texas 1977; BK79, 
Bangkok 1979; SI87, Sichuan 1987; BE89, Beijing 1989; BE92, Beijing 1992; 
WUSS5, Wuhan 1995; SY97, Sydney 1997; FUO2, Fujian 2002). (From Smith DJ, 
Lapedes AS, de Jong JC, et al. Mapping the antigenic and genetic evolution of 
influenza virus. Science 2004;305:371—376, with permission.) 


The characterization of antigenic escape mutants has established that antigenic drift of 
human H3N2 viruses occurs in clusters: while nucleotide changes occur continually, clusters 
of antigenically similar variants exist for several years until they are replaced by a new 
cluster, founded by an antigenic variant that necessitates an update of the vaccine strain.!*9 
Hence, the genetic evolution of H3 HA genes is continuing, whereas their antigenic evolution 
is punctuated. Moreover, the major antigenic changes of human H3N2 viruses can be mapped 
to seven amino acid positions (in the known antigenic epitopes) located around the receptor- 
binding pocket.’* Antigenic cluster changes that necessitate a replacement of the vaccine 
Strain often result from single amino acid changes. Due to existing immunity in human 
populations, human H3 HAs evolve “away” from currently and previously circulating 
viruses. Thus, overall, human H3 HAs evolve in a single direction. A similar pattern of 
antigenic cluster transitions likely also exists for human H1 viruses. 


H5 HA proteins of the lineage that emerged in Hong Kong in 1996 have also diversified 
into multiple antigenically and genetically distinguishable clades and subclades (see 
Infections of Humans with H5 Viruses of the A/goose/Guangdong/1/1996 Lineage section). 
Amino acid changes responsible for antigenic differences appear to be located around the 
receptor-binding site, similar to the antigenic cluster transitions described for human H3 
HAs. Antigenic changes have also occurred among the H7N9 viruses that emerged in China 
in 2013 (see Infection of Humans with Low and Highly Pathogenic H7N9 Viruses). Based on 
limited data, the amino acids responsible for these changes appear to be located in the 
vicinity of the receptor-binding site. 


Antigenic Drift of the NA Protein 


The function and structure of this protein are discussed in detail in Chapter 14. In addition to 
HA, antigenic drift has also been reported for NA and correlated with amino acid differences 
in the molecule.‘”!7! Studies with monoclonal antibodies and amino acid sequence analyses 
have revealed several antigenic sites. The NA of most influenza A virus subtypes and of 
influenza B viruses has been crystallized, and several structures are available for 
NA/antibody complexes. Two major antigenic sites of NA are located on the upper surface of 
the molecule, where they flank the sialic acid—binding site. A possible third antigenic site 
resides on the side of the head; some antibodies binding to this site provide protection via 
antibody-dependent cellular cytotoxicity (ADCC). A more detailed structural analysis of the 
Fab fragment of a monoclonal antibody to N9 NA showed that five peptide loops, located at 
the rim of the enzyme active site, constitute the epitope. The second epitope, characterized 
with monoclonal antibodies to N8 NA, is located at the interface of two adjacent monomers 
in the tetrameric NA protein and involves peptide loops on both monomers. Antibodies with 
this epitope bind only to NA tetramers. Another antibody makes contacts with two monomers 
of the A(H1N1)pdm09 N1 NA. Overall, our understanding of NA antigenic sites and 
epitopes remains limited. 


The antigenic drift rates of human influenza virus NA proteins are lower than those of 
human influenza virus HA proteins. Antigenic changes can be conferred by single amino acid 
changes in NA, as has been reported for HA (see Antigenic Drift of the HA Protein section). 
Antigenic changes in HA and NA appear to occur independently from one another. 


Antigenic Shift 


Antigenic shift involves major antigenic changes in which an HA and/or NA that is 
antigenically distinct from the circulating variant is introduced into the human population. 
Infections with such viruses result in high infection rates in immunologically naive 
populations, leading to pandemics. Typically, antigenic shift is caused by an HA of a new 
subtype, that is, one that did not circulate in humans prior to the pandemic; in addition, an 
NA of a novel subtype may be introduced into human populations. The H1N1 pandemic in 
2009 was a notable exception because it was caused by a virus of the H1N1 subtype, even 
though viruses of this subtype had been circulating in humans since 1977. 


Since the beginning of the last century, five antigenic shifts have occurred: in 1918, with 
the appearance of the H1N1 viruses that caused the Spanish influenza; in 1957, when the 
H1N1 subtype was replaced with H2N2 viruses, causing the Asian influenza; in 1968, when 
H3N2 viruses replaced the H2N2 subtype, leading to the 1968 pandemic; in 1977, when 
H1N1 viruses similar to those circulating in humans in the 1950s reappeared and caused the 
Russian influenza; and in 2009, when a novel, antigenically distinct H1N1 virus caused a 
pandemic that largely replaced seasonal H1N1 viruses (see The H1N1 Pandemic in 2009 
section). These new subtypes emerged suddenly and at irregular and unpredictable intervals. 


Transmission Among Humans 


Influenza viruses are transmitted from person-to-person via the respiratory tract, which could 


include small particle aerosols (<10 um mass diameter) suspended in the air, larger particles 
or droplets, and indirect transmission via contaminated surfaces and fomites. The relative 
contributions of each of these routes have not been completely determined and could vary 
depending on the specific virus and levels of immunity in both the host and the recipient. 


Small particle aerosols are generated by infected humans, and influenza genome can be 
detected in these small particles by PCR techniques. A significant portion of fine particle 
aerosols contain infectious virus,!°? and experimental studies in humans have shown that 
varying small amounts (~5 infectious particles) may be sufficient to infect humans by the 
aerosol route. Aerosol transmission has also been demonstrated in animal models in which 
infected and exposed ferrets or guinea pigs are separated by several meters, with transmission 
occurring in the direction of airflow. 


Airborne transmission has also been implicated in outbreaks where an airborne route of 
transmission appears to be the most plausible explanation for the characteristics of the 
outbreak. The most often cited such outbreak occurred in a commercial airliner that was 
delayed for approximately 4% hours with a poorly functioning ventilation system. The risk of 
transmission of influenza A from the index case to other passengers was related to the 
amount of time passengers spent on the aircraft, and not on their seating proximity to the 
index case. Since most of the passengers did not have direct contact with the index case, 
airborne transmission appears to be likely.!°° In hospital outbreaks, UV light and air handling 
procedures have been associated with decreased risks of transmission. In addition, in a study 
of zanamivir prophylaxis of influenza in families,°* subjects who received short-term 
prophylaxis with inhaled zanamivir were protected compared to placebo recipients, but 
recipients of zanamivir administered by nasal spray were not. 


In most of these scenarios, there were alternative explanations for the observations that 
could at least partially explain the epidemic behavior without requiring aerosol transmission, 
and the real role of aerosol transmission remains controversial. Several studies have 
attempted to evaluate the role of face masks in infection prevention in hospitals. In one large, 
randomized trial, nursing staff who were randomly assigned to wear N-95 respirators had the 
same rate of influenza as staff assigned to wear simple surgical masks while caring for 
patients with influenza.®° This study suggests that airborne transmission does not play a 
major role at least in nosocomial influenza, although it has been pointed out that cases in the 
N-95 group could have been acquired outside the hospital and that compliance with these 
masks is frequently poor. In contrast, hand hygiene and simple surgical masks were reported 
to be modestly effective in the prevention of influenza transmission in households suggesting 
that in this setting, droplet spread was the predominant modality. 


Seasonality 


Influenza epidemiology is characterized by marked seasonality. In the Northern Hemisphere, 
epidemics generally peak between January and April but may flare up as early as December 
or as late as May, while in the Southern Hemisphere, seasonal epidemics typically occur 
between May and September. Seasonal periodicity is also observed in tropical climates, with 


increased activity during periods of low absolute humidity, although influenza can occur 
throughout the year and seasonal fluctuations are not as marked. The reasons for these 
seasonal changes are not entirely clear but might be the result of more favorable 
environmental conditions for virus survival. Using a statistical model called convergent cross 
mapping, temperature and absolute humidity were shown to be important drivers of seasonal 
epidemicity.*° Studies in animal models have also supported a role for conditions of cold 
temperature and dry humidity in facilitating transmission. 


Seasonality may also be associated with behavioral changes that may increase 
transmission, such as indoor crowding or school attendance. Possibly for this reason, the 
effects of weather variability may be greater in young children. Modeling studies based on 
medical claims data have suggested that winter holidays delay seasonal epidemic peaks and 
shift disease visits toward adults. 


In contrast to seasonal influenza, novel influenza viruses can emerge at any time of the 
year. The occurrence of pandemics outside of the usual window of seasonality may be related 
to inherently greater transmissibility, allowing them to spread even under conditions that 
would not be favorable for transmission of seasonal influenza viruses. 


Influenza Disease Burden 


The impact of seasonal influenza on public health is generally measured in terms of excess 
deaths, hospitalizations, and illness associated with detectable influenza activity in the 
community, as compared to an expected seasonal baseline during periods of time when 
influenza is not present. As rapid and accurate diagnostic has become more widely available, 
these assessments have become more specifically based on testing results. It is important to 
recognize that in addition to these, influenza also causes prolonged negative impact on 
activities of daily living, absences from work or school, and significant resulting economic 
impact. 


Mortality 


The increase in mortality during pandemics and epidemics is a hallmark of influenza virus 
infection. Levels of excess mortality vary considerably from season to season depending on 
the extent of influenza activity and the specific types and subtypes of viruses circulating. In 
general, years with predominant H3N2 activity tend to be associated with the highest levels 
of excess mortality, partly because this subtype tends to be especially impactful in older 
populations. Years with predominant H1N1 or influenza B circulation are also associated 
with excess mortality but at substantially lower levels. Recent estimates of excess mortality 
associated with seasonal influenza in the United States are shown in Figure 15.7. As many as 
51,000 deaths annually in the United States can be attributed to influenza.'“° It is recognized 
that because not all influenza deaths are necessarily noted on death certificates as pneumonia 
or influenza related, these are generally underestimates of the overall impact. After correcting 
for under-reporting by assessing the fraction of cases with diagnostic testing, it has been 
estimated that there were between 155,000 and 624,000 hospitalizations, 18,000 and 95,000 


ICU admissions, and 5,000 to 27,000 deaths per year in the United States attributable to 
influenza.!! 
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FIGURE 15.7 Influenza-related mortality is higher in years with 
predominant H3N2 viruses. Estimates of influenza-related mortality assessed 


Estimated influenza related mortality, US 


using a mathematical model!!° as reported on the Centers for Disease Control 
and Prevention Web __ site  (https://www.cdc.gov/flu/about/burden/past- 
seasons.html). The pie charts show the relative proportion of detected H3, H1, 
and B viruses in national surveillance conducted during that influenza season 
(https://www.cdc.gov/flu/weekly/fluviewinteractive.htm). 


Years in which pandemic influenza viruses emerge are usually associated with levels of 
excess mortality above those seen in seasonal influenza, because of general lack of immunity 
to these viruses. For example, excess mortality was estimated to be between 20 and 50 
million deaths for the 1918 H1N1 pandemic worldwide, 70,000 excess deaths associated with 
the H2N2 pandemic of 1957, and 33,800 deaths associated with the H3N2 pandemic of 1968. 
In contrast, the recent emergence of the pandemic H1N1 virus in 2009 is estimated to have 
been associated with 12,470 deaths in the United States. However, a large proportion of 
deaths in the 2009 pandemic occurred in younger individuals, so that when evaluated in 
terms of years of life lost, this pandemic had significant impact. Although individual 
pandemics are associated with the largest numbers of excess deaths, the repetitive nature of 


seasonal epidemics results in a greater total overall mortality burden. 


During seasonal epidemics, excess mortality tends to be highest in those older than 65 
years, who account for approximately 90% of such excess mortalities, largely due to the 
presence of age-related concurrent medical conditions that increase the risk of influenza 
deaths. However, very different patterns of mortality may be seen during pandemics, where 
older age groups may be partially protected because of earlier exposures to antigenically 
related viruses, a phenomenon termed “antigenic recycling.°°” For example, the highest 
mortality during the 1918 pandemic occurred in young adults, while older adults appeared to 
have been partially protected by exposure to previous H1N1 viruses circulating 50 years 
earlier. Similarly, older adults were relatively spared from the A(H1N1)pdm09 outbreak 
because of exposure to antigenically related viruses that circulated in the 1930s. 


Morbidity 


Mortality is only the most severe manifestation of influenza impact, and similar techniques 
can be used to estimate excess morbidity due to influenza epidemics. Influenza virus is 
estimated to cause about 50 million illnesses annually in the United States. Much of the 
impact of influenza is related to the malaise and consequent disability that it produces, even 
in young, healthy individuals. It has been estimated that a typical case of influenza, on 
average, is associated with 5 to 6 days of restricted activity, 3 to 4 days of bed disability, and 
about 3 days lost from work or school. Direct medical costs of illness account for only about 
20% or the total expenses of a case of influenza, with a major proportion of the economic 
impact due to loss of productivity. Direct costs include hospitalizations, medical fees, drugs, 
and testing and were estimated in 1986 to be about $1 billion annually, while indirect costs 
such as loss of productivity reached $2 to $4 billion annually. 


The impact of seasonal influenza is generally highest in identified high-risk groups such 
as young children and elders. Children younger than 2 years of age and the elderly have the 
highest hospitalization rates, reaching 1 per 270 for those older than 65 years, compared to 1 
per 2,900 for the 1- to 44-year-old age group. Among children, 14% to 16% of those seeking 
medical care for acute respiratory illness or fever are infected with influenza virus.'! 


Surveillance 


Surveillance efforts in humans are coordinated by the WHO through the Global Influenza 
Surveillance and Response System (GISRS). The system currently includes 6 Collaborating 
Centres (in Atlanta, Memphis, Beijing, London, Melbourne, and Tokyo), greater than 100 
National Influenza Centres in greater than 100 countries, and several H5 Reference 
Laboratories and Essential Regulatory Laboratories. The National Influenza Centres collect 
samples each year from patients with influenza-like illness and submit representative samples 
per year to the Collaborating Centres for antigenic and genetic characterization. These data 
are used to monitor antigenic drift and resistance to antiviral compounds. Based on 
surveillance, antigenic, and genetic data, vaccine viruses are recommended by the WHO each 
February and September for the Northern and Southern Hemispheres, respectively. 


Ongoing summaries of influenza activity in the United States, including the percent of 
influenza-like illness visits among all medical visits, proportions of positive diagnostic tests, 
genetic and antigenic characterization of selected viruses, and frequency of antiviral 
resistance, are maintained by the CDC and similar data worldwide by the WHO. In addition, 
these organizations collaborate to conduct intensive surveillance of zoonotic influenza 
viruses that could represent pandemic threats. 


TRANSMISSION OF AVIAN AND SWINE 
INFLUENZA VIRUSES TO HUMANS 


Infections of Humans’ with HS _ Viruses’ of the 
A/goose/Guangdong/1/1996 Lineage 


Outbreaks of highly pathogenic avian influenza (HPAI) occurred mainly in poultry until the 
emergence of HPAI H5 viruses of the A/goose/Guangdong/1/1996 lineage (H5/Gs/Gd) in 
1996. Viruses of this lineage have infected many wild bird species, numerous mammalian 
species, and more than 860 people with a case fatality rate of approximately 53%. 


H5 Virus Outbreaks of the A/goose/Guangdong/1/1996 Lineage 
Between 1996 and 2008 


H5/Gs/Gd viruses were isolated from sick domestic geese in 1996 in Guangdong Province, 
followed by outbreaks in poultry in Hong Kong in 1997. The causative agent was identified 
as an H5N1 reassortant virus with an HA VRNA segment from an A/goose/Guangdong/1/96— 
like virus, an NA vRNA segment from another avian N1 virus, and the remaining six VRNA 
segments (i.e., PB2, PB1, PA, NP, M, and NS) from other avian viruses. The outbreaks in 
poultry were accompanied by the first transmissions of wholly avian influenza viruses to 
humans with fatal outcomes: in May 1997 in Hong Kong, a 3-year-old boy was infected with 
an H5N1 virus of the H5/Gs/Gd lineage and succumbed to the infection.!!°!°° In November 
and December 1997, 17 additional cases were reported, 5 of which had fatal outcomes. The 
slaughter of poultry in Hong Kong in late December 1997/early January 1998 eliminated 
H5/Gs/Gd viruses from the Hong Kong poultry markets at the time, but these viruses 
reappeared in poultry in Hong Kong in 2001. Waterfowl is usually resistant to HPAI viruses; 
however, in late 2002, waterfowl in Hong Kong succumbed to H5/Gs/Gd influenza virus 
infections. In February 2003, two Hong Kong residents were infected with H5/Gs/Gd virus, 
one of whom died. 


In April/May 2005, more than 6,000 wild birds died from H5/Gs/Gd virus infection at the 
Qinghai Lake Nature Reserve in Gangcha County, Qinghai Province, China.'*®? Although 


viruses of several genotypes were detected during the outbreak, one genotype was dominant. 
H5/Gs/Gd viruses closely related to the Qinghai Lake isolates have since spread through 


Russia, into Europe, the Middle East, and several African countries, most likely through 
migratory birds. 


H5 Virus Outbreaks of the A/goose/Guangdong/1/1996 Lineage 
Since 2008 


Since their reemergence in 2003, the H5/Gs/Gd viruses have undergone substantial evolution 
in their HA. A classification and nomenclature scheme based on the H5 HA nucleotide 
sequence has been established to describe the phylogenetic relationships of the H5/Gs/Gd 
viruses: currently 10 different clades (clades 0-9) are recognized, many of which have 
second-, third-, or fourth-tier subclades. Until 2008, frequent reassortment resulted in 
multiple genotypes that differed in the constellation of the internal VRNA segments; however, 
the HA/NA constellation was stable. This changed when H5N1/Gs/Gd viruses reassorted 
with different avian influenza viruses, resulting in viruses of the HSN2, H5N5, and HSN8 
subtypes in 2008 to 2011 and the emergence of H5N6 viruses in 2013. These novel 
reassortant viruses possessed an HA of clade 2.3.4.4, which has since become dominant in 
several parts of the world; by 2012/2013, these viruses had further diversified into four 
genetically distinct groups (A—D). 


The group A viruses caused an H5N8 virus outbreak in South Korea in 2014, and 
descendants of these viruses were detected in North America in late 2014, marking the first 
isolation of H5/Gs/Gd viruses on the American continent. These viruses underwent 
reassortment with North American avian viruses, resulting in novel H5/Gs/Gd viruses with 
NAs of different subtypes. Newly emerged North American H5N2 viruses of the H5/Gs/Gd 
lineage caused multiple outbreaks in commercial poultry operations in North America in the 
spring and summer of 2015 and were eradicated through rigorous control measures and the 
culling of approximately 48 million birds. No human infections were reported. Sister 
subgroups of the viruses that were introduced into North America caused outbreaks in South 
Korea during the following years and were introduced into Europe where they were primarily 
isolated from wild birds in 2014 to 2015. Group B viruses of the H5N8 subtype emerged in 
China in 2013 and caused outbreaks in the Republic of Korea. Descendants of these viruses 
moved westward and were isolated in Siberia, Europe, the Middle East, and Africa in the 
winter of 2016 to 2017. These novel H5N8 viruses caused multiple outbreaks in poultry 
farms in Europe, and more than 1,200 infected wild birds were reported in Germany alone. 
Group C viruses of the HSN6 subtype have been detected in China since 2013 and have 
spread to other Asian countries, but not to other continents. The HSN6 group C viruses have 
now replaced H5N1 as the most dominant subtype of H5/Gs/Gd viruses in Southern China. 
In contrast to HSN2 and H5N8 viruses, the HSN6 viruses have caused human infections!®!; 
to date, 28 confirmed cases (with most, but not all, viruses belonging to group C) with 
several fatalities have been reported. In addition, group C viruses have been isolated from 
pigs and cats. The infection of mammals with H5N6 group C viruses may be explained by 
the ability of the viruses to bind to human-type receptors, in addition to avian-type receptors. 
Consistent with this finding, these viruses bind to and replicate in ex vivo human organoids 


and transmit to cohoused ferrets (see Infections of Humans with H5 Viruses of the 
A/goose/Guangdong/1/1996 Lineage section). Group D viruses (mostly of the H5N6 
subtype) were detected in China and Vietnam in 2013 to 2014. 


As of September 2018, the majority of circulating H5/Gs/Gd viruses belonged to clade 
2.3.4.4 with H5N8 viruses dominating in Europe and H5N6 viruses dominating in Southern 
China. In addition, viruses of clade 2.3.2.1a were circulating in parts of Asia, and viruses of 
clade 2.3.2.1c were circulating in parts of both Asia (including Indonesia) and Africa. In 
total, more than 70 countries have reported H5/Gs/Gd outbreaks to date. 


Host Range of H5 Viruses of the A/goose/Guangdong/1/1996 
Lineage 


Since their emergence, H5/Gs/Gd viruses have become enzootic in poultry populations in 
different parts of the world. While HPAI outbreaks are typically limited to terrestrial poultry, 
the H5/Gs/Gd viruses have been isolated from a number of different wild birds including 
water birds (order Anseriformes) such as ducks, geese, and swans; shorebirds (order 
Charadriiformes) such as gulls and waders; small songbirds (order Passeriformes) such as 
sparrows and crows; large wading birds (order Ciconiiformes) such as herons, storks, and 
egrets; several Ratites species including ostriches, emu, and rhea; and species of several other 
bird orders. In addition, these viruses have been isolated from carnivores including dogs, 
cats, tigers, leopards, a stone marten, Owston civets, and raccoon dogs. Moreover, H5N1 and 
H5SN6 viruses have been isolated from pigs on several occasions. No HPAI H5 infections 
have yet been reported in horses. 


Virulence and_ Transmissibility of H5 Viruses of the 
A/goose/Guangdong/1/1996 Lineage 


H5/Gs/Gd viruses have been extensively studied in primary human cells and in several 
animal models including mice, ferrets, guinea pigs, and nonhuman primates. In alveolar 
epithelial cells and macrophages, as well as in the lungs of infected mice, ferrets, and 
nonhuman primates, H5/Gs/Gd viruses typically elicit higher levels of proinflammatory 
cytokines than are observed upon infection with contemporary human viruses. In these 
animal models, the H5/Gs/Gd viruses are highly pathogenic and cause diffuse alveolar 
damage with massive infiltration of immune cells and infection of pneumocytes. In 
nonhuman primates, H5/Gs/Gd viruses cause severe pneumonia although the infections are 
usually not lethal. Two European H5N8 group B viruses were highly virulent in ducks and in 
mice but caused mild, nonlethal disease in ferrets. 


The infection of more than 860 people with HS5N1 and HS5SN6 viruses (no human 
infections have been reported with H5N2 and H5N8 viruses) has raised concern over a 
potential HS pandemic. However, there are no reports of sustained human-to-human 
transmission of H5/Gs/Gd viruses. A number of studies have tested the transmissibility of 
H5/Gs/Gd viruses in ferrets, the most widely accepted mammalian model for influenza virus 


transmission studies. To date, no natural H5/Gs/Gd virus has been found to transmit among 
ferrets via respiratory droplets; however, several studies reported transmission of HSN6 
viruses to cohoused ferrets (contact transmission). Several groups also tested the respiratory 
droplet transmissibility in ferrets of human/avian reassortant viruses bearing an H5 HA or of 
H5 viruses with mutations in HA known to increase the affinity for human-type receptors; no 
respiratory droplet transmission was detected in these studies. However, four 
studies!®°2°.164 in 2012/2013 established that H5/Gs/Gd viruses can acquire respiratory 
droplet transmissibility in ferrets or guinea pigs. Although these studies used different 
H5/Gs/Gd_ viruses and different approaches (including reassortment, site-directed 
mutagenesis to introduce mammalian-adapting amino acid changes, and/or sequential 
passages in ferrets to acquire mutations that facilitate replication in mammals), common 
properties emerged that appear to be essential for respiratory droplet transmissibility in 
ferrets: HA binding to human-type receptors (see Receptor Specificity of Influenza Viruses); 
lack of a glycosylation site in HA, resulting in increased binding to human-type receptors; 
HA thermostability and fusogenicity at a relatively low pH; and highly efficient replication in 
mammalian cells, typically conferred by mutations in the PB2 polymerase protein (see The 
Replication Complex section). 


Human Infections with H5 Viruses of _ the 
A/goose/Guangdong/1/1996 Lineage 


As of January 21, 2019, 860 confirmed human infections have been reported since 2003 with 
HSN1/Gs/Gd viruses, resulting in 454 fatalities 
(https://www.who.int/influenza/human_animal_interface/2019_01_21_tableH5N1.pdf?ua=1). 
The largest numbers of human infections with HSN1 viruses have occurred in Indonesia, 
Vietnam, Egypt, and China. In Egypt in 2015, 136 people were infected with HSN1/Gs/Gd 
viruses; of those, 39 succumbed to their infections. The reasons for the large number of 
human H5N1 infections in Egypt in 2015 are not known. Since 2016, only a few human 
H5SN1 infections have occurred, and they were limited to Egypt and Indonesia. Highly 
pathogenic HSN6/Gs/Gd viruses emerged in 2013 in China and have since infected 28 
individuals, including several fatal cases. As stated earlier, there are no reports of sustained 
human-to-human transmissions of HSN1 or H5N6 viruses of the Gs/Gd lineage. 


Although H5/Gs/Gd viruses have not acquired the ability to spread efficiently among 
humans, isolated cases of human-to-human transmission may have occurred. However, most 
of these clusters involved family members living in the same household, and infection may 
have occurred through exposure to a common source (such as sick or dead poultry), rather 
than human-to-human transmission. Overall, transmission of H5/Gs/Gd viruses to humans 
appears to be rare and primarily associated with contact with sick or dead poultry, although 
other modes of infection (e.g., through virus-contaminated feces or water) have also been 
considered. 


During the 1997 and 2003 H5N1 outbreaks in Hong Kong, there was no evidence of 
systemic viral infection in infected individuals. However, after 2003, human infections with 


H5N1 viruses appear to be systemic*!: virus has been recovered from not only respiratory 


organs but also stool and cerebrospinal fluid (CSF), while viral sequences and/or antigens 
have been detected in brain neurons; in epithelial cells of the intestinal tract; in the heart, 
spleen, kidney, and liver; and in the placenta and fetus of a pregnant women infected with an 
HSN1 virus. The detection of viral sequences and antigen in the intestinal tract is consistent 
with the expression of avian-like virus receptors in the human gut, the ex vivo infection of gut 
tissue with an H5N1 virus, and reports of gastrointestinal symptoms. In H5N1 virus-infected 
patients, acute respiratory distress syndrome (ARDS) with diffuse alveolar damage is 
common.° Virus and/or antigen binding has been detected to nonciliated epithelial cells in the 
bronchioles and type 2 pneumocytes and macrophages in the alveoli.!*”!*° Type 2 
pneumocytes differentiate to type 1 pneumocytes, which are critical for gas exchange in the 
alveoli; the infection of type 2 pneumocytes may therefore result in more severe lung 
damage. The levels of proinflammatory cytokines are higher in individuals infected with 
HSN1 viruses than in those infected with seasonal influenza virus and higher in fatal than in 
nonfatal cases of H5N1 infection.*! The pathology in humans is in line with cell culture 
studies that demonstrate increased levels of proinflammatory cytokines upon H5N1 infection, 
animal infection studies that show increased pathology, viral targeting of type 2 
pneumocytes,!“® and stronger innate immune responses upon H5N1 virus infection compared 
to infection with control viruses. Collectively, the available data suggest that the high 
mortality in humans results from a combination of high virus loads and the induction of high 
levels of proinflammatory pathways, which may culminate in extensive alveolar damage. 
Based on a small number of human H5N6 cases that have been studied in detail, HSN6 virus 
infection is comparable to H5N1 infections. 


Some of the currently circulating HSN1 and H5N6 viruses are resistant to the antiviral 
drugs amantadine and rimantadine. Most H5N1 and H5N6 viruses are sensitive to the NA 
inhibitors (NAIs) oseltamivir and zanamivir; however, oseltamivir-resistant viruses have 
been isolated from H5N1 and H5N6 virus-infected patients treated with this drug. These 
viruses contain an amino acid substitution at position 274 or 294 (N2 NA numbering) of the 
NA protein. 


Infections of Humans with Low and Highly Pathogenic H7N9 
Viruses 


On March 31, 2013, Chinese authorities announced three fatal human infections with novel 
H7N9 influenza viruses.*’ This marked the beginning of the first outbreak of novel H7N9 
viruses in the spring of 2013, which was followed by a second outbreak in the winter of 
2013/2014. In the following years, waves of human H7N9 virus infections occurred every 
winter until 2016/2017, with the fifth wave in 2016/2017 causing more human infections 
than the previous four waves combined. In the winter of 2017/2018, only three human cases 
were reported, presumably due to the use of an H5/H7N9 bivalent vaccine in poultry (see 
below). The first wave of human H7N9 infections in 2013/2014 was limited to provinces in 
the southeastern part of China, but the geographic range of human H7N9 infections expanded 


in the following years to southern, central, and western provinces of China. 


To date, 1567 confirmed human infections with H7N9 viruses have occurred with a case 
fatality rate of 39%. Individuals with confirmed H7N9 virus infection typically develop a 
respiratory tract infection with fever and coughing, which may progress to severe pneumonia 
and ARDS, potentially with fatal outcome. In addition to the confirmed cases, a 10- to 100- 
fold higher number of asymptomatic or mild cases may have occurred. The case fatality rate 
of human H7N9 infections may therefore be lower than currently reported; however, 
appreciable numbers of unrecognized human H7N9 infections pose considerable challenges 
to the control of this virus. 


Epidemiologic studies established an association between human H7N9 infections and 
exposure to poultry, typically in live-bird markets. Demographic studies revealed that the 
average age of H7N9-infected individuals is higher than that of people infected with 
H5/Gs/Gd viruses and that males have accounted for two-thirds of the human H7N9 cases, in 
contrast to a more balanced sex ratio among H5-infected people. One possible explanation is 
that elderly males spend more time in live-bird markets than females or younger people of 
both sexes. Several studies reported antibodies to H7N9 viruses in up to approximately 15% 
of the sera collected from workers in live-bird markets, and H7N9 viruses have been isolated 
repeatedly in live-bird markets in different provinces of China since 2013. Closures of live- 
bird markets or mandatory rest and cleaning days in various cities reduced the influenza virus 
load in these live-bird markets but did not eliminate the novel H7N9 viruses from Chinese 
poultry populations. In 2017, a poultry vaccination campaign with a recombinant bivalent 
inactivated vaccine against HS5N1 (A/chicken/Guizhou/4/2013, clade 2.3.4.4) and H7N9 
(A/pigeon/Shanghai/S 1069/2013) viruses was implemented and reduced the seropositivity 
rate to the targeted virus in poultry by greater than 90%.'°° Importantly, only three human 
H7N9 cases have been reported since the implementation of the poultry vaccination 
campaign.!©* However, most poultry vaccines do not induce sterilizing immunity in the field, 
so the viruses targeted by the vaccine continued to circulate and evolve. It remains to be seen 
whether the inactivated HS5N1/H7N9 vaccine recently used in China will eradicate the 
targeted viruses from Chinese poultry populations. 


Soon after the first reports of fatal human H7N9 virus infections in China in 2013, the 
viral genomic sequences were determined and immediately made publicly available through 
GISAID, the Global Initiative on Sharing All Influenza Data (www.gisaid.org). Phylogenetic 
analyses suggested that the H7 HA segment originated from an H7N3 duck influenza virus, 
the N9 NA segment originated from an H7N9 virus from wild waterfowl, and the six 
remaining segments originated from H9N2 viruses circulating in poultry.°”°*! Since the 
emergence of the novel H7N9 viruses, reassortment has resulted in a number of 
constellations of the internal segments. Moreover, the HA genes of the H7N9 viruses have 
now evolved into two lineages, referred to as the “Yangtze River Delta” and “Pearl River 
Delta” lineages. 


The HA of the H7N9 viruses circulating in 2013 to 2016 does not encode a multibasic 
sequence at the HA cleavage site (see HA Cleavage section), a hallmark of highly pathogenic 


influenza viruses. Based on the currently used Office International des Epizooties (OIE) 
criteria for the classification of influenza viruses, the H7N9 viruses that circulated between 
2013 and 2016 are therefore low pathogenic avian influenza viruses (despite their appreciable 
mortality rate in humans). This is consistent with the lack of severe disease in H7N9-infected 
chickens and ducks. Prolonged circulation of low pathogenic H5 and H7 viruses in poultry 
can result in the emergence of highly pathogenic variants with multiple basic amino acids at 
the HA cleavage site (see HA Cleavage section). In fact, highly pathogenic H7N9 viruses 
emerged at the end of December 2016, and 32 human infections with highly pathogenic 
H7N9 viruses had been reported by September 2017. These viruses belong to the Yangtze 
River Delta lineage of H7N9 viruses and are characterized by an amino acid insertion of 
KRTA, resulting in the KRKRTAR/G or KGKRTAR/G sequence at the HA cleavage site (the 
backslash denotes the cleavage site between HA1 and HA2). 


The H7N9 viruses replicate efficiently in cultured mammalian cells. In mice and ferrets, 
they replicate in the respiratory tract of infected animals but typically do not cause severe 
disease or death.>!!8-!93 H7N9 viruses transmit to contact ferrets and, more importantly, to 
exposed ferrets via respiratory droplets; however, the transmission kinetics are delayed 
compared with seasonal human influenza viruses.*!!®'>° In contrast to H5/Gs/Gd viruses, 
H7N9 viruses therefore possess the intrinsic ability to transmit among mammals via 
respiratory droplets. A comparison of H7N9 viruses of low and high pathogenicity 
demonstrated that the highly pathogenic H7N9 virus was more pathogenic in mice and ferrets 
than the low pathogenic H7N9 isolate, killing some of the infected and exposed ferrets. 


The replicative ability and transmissibility of H7N9 viruses in mammals likely result 
from several mammalian-adapting features of these viruses. H7N9 viruses bind to both 
human-type and avian-type receptors (see Receptor Specificity of Influenza Viruses), a 
property likely conferred by the HA-226L (H3 HA numbering) and HA-186V residues 
known to increase the affinity for human-type receptors, which are encoded by most H7N9 
viruses. Interestingly, almost all highly pathogenic H7N9 viruses isolated to date encode HA- 
186V but possess the avian-type HA-226Q residue. In addition, the novel H7N9 viruses lack 
the glycosylation site at positions 158 to 160 of HA, which is important for the 
transmissibility of H5 viruses (see Glycosylation section). Moreover, most human (but not 
avian) H7N9 viruses encode PB2-627K or PB2-D701N, which facilitate the efficient 
replication of avian influenza viruses in mammals (see The Replication Complex section). 
During the fifth wave, the PB2-A588V mutation, which enhances the pathogenicity of avian 
influenza viruses in mice, was detected in most human H7N9 virus isolates. 


The novel H7N9 viruses encode the M2-S31N mutation, which confers resistance to 
adamantanes. However, the circulating H7N9 viruses are sensitive to NA inhibitors, and early 
initiation of treatment with NA inhibitors has been shown to be beneficial. Treatment of 
H7N9-infected patients with NA inhibitors may result in the emergence of mutants that are 
resistant to the drug used for treatment. In fact, treatment of an H7N9-infected patient with 
oseltamivir resulted in the emergence of a virus resistant to both oseltamivir and zanamivir. 


Infections of Humans with Other Avian Influenza Viruses 


Prior to 1997, the direct transmission of avian influenza viruses to humans was not 
considered a serious human health threat. This assumption was based on findings that avian 
viruses do not replicate efficiently in experimentally infected humans and that no severe 
cases of human infections had been reported during any outbreaks of HPAI. The differences 
in receptor-binding specificities between human and avian viruses (for details, see Molecular 
Determinants of Host-Range Restriction and Pathogenesis section) were believed to provide 
a host-range barrier that limited the transmission of avian viruses to humans. Until 1997, only 
four cases of direct avian-to-human transmission of influenza viruses had been described: (a) 
an HPAI virus of the H7N7 subtype isolated from a patient with hepatitis in 1959; (b) an 
H7N7 HPAI virus isolated from a laboratory worker who developed conjunctivitis; (c) an 
H7N7 virus of low pathogenicity isolated from a woman who developed conjunctivitis and 
was likely infected from ducks she kept; and (d) an H7N7 virus isolated from a person in 
contact with a harbor seal experimentally infected with an H7N7 virus. With the emergence 
of the A/goose/Guangdong/1/1996-like H5 viruses in 1996 (see Infections of Humans with 
HS Viruses of the A/goose/Guangdong/1/1996 Lineage section) and the novel H7N9 viruses 
in 2013 (see Infections of Human with Low and Highly Pathogenic H7N9 Viruses), the 
number of human infections with avian infections has increased considerably. 


The vast majority of human infections with avian influenza viruses have been caused by 
viruses of the H5 and H7 subtypes. Human infections with H5/Gs/Gd viruses are described in 
the Infections of Humans with H5 Viruses of the A/goose/Guangdong/1/1996 Lineage 
section. Likewise, human infections with the novel H7N9 viruses are described in the 
Infections of Human with Low and Highly Pathogenic H7N9 Viruses section. In addition, 
during an outbreak of HPAI H7N7 viruses in poultry in the Netherlands in February/March 
2003, 89 people were infected, 83 of whom developed conjunctivitis.2~-’° Most cases were 
mild and self-limiting, although a veterinarian developed acute respiratory distress and an 
ultimately fatal pneumonia. In three cases, human-to-human transmission was documented, 
and antibodies were detected in 59% of those who had contact with infected poultry workers. 
In November 2003, an H7N2 virus was isolated from an adult in New York who was 
hospitalized for upper and lower respiratory tract illness but eventually recovered. In 2004, 
two people developed conjunctivitis and mild respiratory symptoms after an outbreak of an 
HPAI H7N3 virus in poultry in Canada. Additional cases of human infection with avian 
influenza viruses were detected in the United Kingdom in 2006 and 2007, when H7N3 and 
H7N2 viruses caused conjunctivitis in one and four individuals, respectively, and in Mexico 
in 2013, when two poultry workers became infected with HPAI H7N3 viruses. In the winter 
of 2016/2017, a veterinarian who treated sick cats infected with novel H7N2 influenza 
viruses (see Influenza in Cats section) developed respiratory symptoms, and the novel feline 
H7N2 virus was isolated from the veterinarian. A low pathogenic avian H7N4 virus 
(A/Jiangsu/1/2018) was recently isolated from a person in China who was exposed to live 
poultry prior to the onset of symptoms. This individual was hospitalized with symptoms of 
severe pneumonia but recovered from the infection. 


In addition to H5 and H7 viruses, avian HON2 viruses have caused human infections (see 
Low Pathogenic H9ON2 Avian Influenza Viruses section). In 1998 and 1999, HON2 viruses 
transmitted from birds to pigs and humans. Five human infections were reported in Southern 
China, and, in March 1999, two children were infected in Hong Kong. Both presented with 
symptoms of typical influenza and recovered. The isolates were genetically similar to those 
from quail (A/quail/Hong Kong/G1/97 [H9N2]). In 2003, a young child in Hong Kong was 
infected with an H9N2 virus but recovered uneventfully. In Hong Kong in 2008 and 2009, 
genetically different HON2 viruses were isolated from two immunocompromised patients. 
Additional human infections with HON2 viruses have been reported in recent years, but the 
overall rate of reported human H9N2 viruses has not increased, perhaps because many of 
these infections are mild and not recognized as H9ON2 virus infections. 


In 2004, two cases of human infection with H10N7 virus were reported in Egypt 
(http://www.paho.org/english/ad/dpc/cd/eid-eer-07-may-2004.htm). In 2012, two Australian 
abattoir workers experienced conjunctivitis and mild respiratory systems after they processed 
chickens from a farm with an H10H7 poultry outbreak. Both workers tested positive for 
H10N7 virus. Influenza viruses of the H10N8 subtype caused three human infections in 
China in the winter of 2013/2014, two with fatal outcomes; the internal VRNA segments of 
these viruses originated from H9N2 influenza viruses (see Low Pathogenic H9N2 Avian 
Influenza Viruses section). A human H10N8 virus bound to avian- and human-type receptors, 
perhaps in part explaining its ability to replicate in humans. Moreover, an H10N8 virus 
isolated from an environmental sample replicated in mice without the need for prior 
adaptation and became lethal for mice after two passages. An avian H10N8 virus has also 
been isolated from dogs in live-bird markets in China. Collectively, these data indicate that 
H10N8 viruses are able to infect mammals. 


In Taiwan in 2013, the first known human infection with an H6N1 virus occurred. 
Collectively, the number of reported human infections with avian influenza viruses has 
increased, most likely as a consequence of increased public awareness, increased 
surveillance, and frequent exposure of humans to animals at the human—animal interface. 


Infections of Humans with Swine Influenza Viruses 


In general, human infections with swine influenza viruses cause mild illness; however, 
several fatal cases have been reported. The most prominent example of swine influenza virus 
transmission to humans is the H1N1 pandemic of 2009°%1°° (see The H1N1 Pandemic in 
2009 section) (Figs. 15.1 and 15.8). However, several other instances of human infection 
with swine influenza viruses have been reported. Human infections with H1N1 swine 
influenza viruses of different lineages occurred in North America, Europe, and Asia. Also, 
Eurasian reassortant human-like H3N2 swine viruses were transmitted to two children in The 
Netherlands in 1992/93 and to a child in Hong Kong in 1999. In North America in 2007, a 
number of people became infected with H1N1 viruses possessing an HA vRNA segment 
related to clade 1B.2 (see Influenza in Swine section) and internal VRNA segments derived 
from triple reassortant viruses (see The H1N1 Pandemic in 2009 section). North American 
H3N2 swine viruses (clade 3.1990.4; see Influenza in Swine section) with the M vRNA 


segment of HiN1ipdm09 caused more than 300 human infections in 2011 to 2013, which 
were linked to exposure to swine at agricultural fairs. Most of the infected individuals were 
small children, most likely because they lacked protective antibodies to the HA, which 
originated from human viruses circulating in the late 1990s. In subsequent years, the number 
of human infections with H3N2 swine viruses remained small but has increased again since 
2016; these post-2016 viruses differ in their HA gene from those that caused human 
infections in 2011 to 2013. 
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FIGURE 15.8 Phylogeny of swine H1 and H3 HA gene sequences. A: For 
swine H1 HA gene sequences, the phylogenetic tree was inferred by using 
maximum likelihood methods for 6296 H1 swine and 775 randomly sampled 
human and avian HA gene sequences demonstrating the three major lineages: 1A 
classical swine lineage, 1B human seasonal lineage, and 1C Eurasian avian 
lineage. 


B: For swine H3 HA gene sequences, 3507 swine HA gene sequences were combined with 
5548 randomly sampled human seasonal HA gene sequences collected from 1968 to present. 
“Other-human” indicates seasonal H3 HA gene sequences detected in swine without evidence 
of sustained transmission. Branch color represents clade designations of currently circulating 
swine viruses. Each tree is midpoint rooted for clarity; all branch lengths are drawn to scale, 
and the scale bar indicates the number of nucleotide substitutions per site. Phylogenetic trees 
were generated by Tavis Anderson and Amy Vincent, U.S. Department of Agriculture 
(USDA). (A was adapted from Anderson TK, Macken CA, Lewis NS, et al. A phylogeny- 
based global nomenclature system and automated annotation tool for H1 hemagglutinin 
genes from swine influenza A viruses. mSphere 2016;1(6), pii: e00275-16; covered under an 
open access license.) 


EPIZOOLOGY AND - PATHOGENESIS _ IN 
ANIMALS 


Influenza A viruses infect a variety of animals, including humans, birds, swine, horses, and 
dogs (Fig. 15.1). Occasionally, influenza viruses have been isolated from cats, tigers and 
leopards, stone martens and Owston civets, whales, seals, mink, and camels. Serologic 
evidence also suggests exposure of bats, several ruminant, reptile, and amphibian species to 
immunogens related to influenza viruses. 


Viruses of all known HA and NA subtypes are maintained in aquatic birds (with the 
exception of H17N10 and H18N11 viruses; see Influenza in Bats section),!°° generally 
without causing disease; therefore, aquatic birds are considered the natural reservoir of 
influenza A viruses. Nonpathogenic viruses of the H5 and H7 subtypes can evolve into 
highly pathogenic avian strains and cause significant losses to the poultry industry. Viruses of 
the H5, H7, and H9 subtypes have established lineages in terrestrial birds. Although human 
pandemics have been associated with viruses of the H1 to H3 subtypes, the ability of avian 
viruses of the H5, H7, and H9 subtypes to infect humans has flagged viruses of these 
subtypes as potential candidates for future influenza pandemics. Influenza B viruses typically 
replicate in humans but have been isolated from seals. Influenza C virus infects humans, 
swine, and dogs. 


Influenza in Birds 


The natural reservoir of influenza A viruses are the orders Anseriformes (ducks, geese, 
swans) and Charadriiformes (gulls, terns, shorebirds), although influenza A viruses have been 
isolated from at least 105 different avian species from 26 different families. Almost all HA 
and NA subtypes have been detected in dabbling ducks (Anas spp.), suggesting that these 
species are the major reservoir of influenza A viruses. In mallard ducks (Anas 
platyrhynchos), viruses of the HS, H3, H4, and H6 subtypes are isolated most frequently; the 
most prevalent subtypes are HSN1, H4N6, and H3N8. In addition, viruses of several HA 


subtypes (including H1, H2, H5, H7, and H9—-H12), in combination with several NA 
subtypes, have been detected in waders of the Charadriidae family, suggesting a role for these 
species in the perpetuation of influenza A viruses. Viruses of the H13 and H16 subtypes 
appear to circulate only in Laridae (gull and tern) species. For the NA gene, N3, N4, N6, and 
N8 subtypes predominate in ducks, whereas N2 and N9 are most frequently detected in 
chickens. Poultry play a critical role in the perpetuation of influenza A viruses; in fact, most 
HA and NA subtypes can be isolated from poultry in live-bird markets. 


Surveillance studies have demonstrated seasonal patterns in prevalence; the infection rate 
of mallard ducks reaches 60% before the autumn migration and declines to less than 10% in 
spring and summer. This pattern may represent the influx of immunologically naive juveniles 
every summer and/or the high population density in marshalling areas before the migration. 
In contrast, in North American shorebirds, the infection rate is highest in late spring and early 
summer. Since the prevalence of infection declines along the migration route and is relatively 
low at the wintering grounds of mallard ducks, geographic patterns in prevalence can be 
observed (i.e., infection rates are higher at the marshalling areas in the north than at the 
wintering grounds in the south). Moreover, the prevalence of virus subtypes in the same 
species changes from year to year. In particular, cyclic patterns exist in which high rates of 
prevalence for one subtype in a certain population may be followed by low detection rates in 
this population in subsequent seasons, perhaps due to herd immunity to viruses of the 
respective subtype. 


Reassortment plays a critical role in the evolution of avian influenza viruses with 
significant contributions of both intrasubtypic reassortment (i.e., reassortment between 
viruses of the same subtype) and intersubtypic reassortment (i.e., reassortment between 
viruses of different subtypes), as well as of reassortment between the North American and 
Eurasian gene pools, which evolve largely independently, as described earlier. 


Based on their pathogenicity in chickens, avian influenza viruses are classified as HPAI 
or low pathogenicity avian influenza (LPAI) viruses. LPAI viruses cause mild respiratory 
disease, depression, and/or a decrease in egg production. For outbreak control purposes, the 
OIE classifies an avian influenza virus as HPAI if it is “lethal for six, seven, or eight of eight 
4- to 8-week-old susceptible chickens within 10 days following intravenous inoculation with 
0.2 mL of a 1/10 dilution of a bacteria-free, infective allantoic fluid” (OIE Manual of 
Diagnostic Tests and Vaccines for Terrestrial Animals 2010; accessible at: 
http://www.oie.int/en/international-standard-setting/terrestrial-manual/access-online/), or if it 
has an intravenous pathogenicity index (IVPI) greater than 1.2 (the [VPI is the mean clinical 
score of ten 6-week-old chickens intravenously infected). 


The infection of aquatic birds with LPAI is typically asymptomatic, although even LPAI 
viruses can cause mild disease in mallards and swans. In ducks, avian viruses replicate in the 
epithelial cells in the intestinal tract and, to a substantially lesser extent, in cells of the 
respiratory tract. These viruses are resistant to the low pH environment they encounter during 
their passage through the digestive tract. Avian species shed influenza viruses in high 
concentrations in feces. The viruses are relatively stable in water and have been isolated from 
water samples of lakes where wild birds have nested or congregated before migration. 


Contaminated water and feces may, therefore, serve as major routes of transmission of LPAI 
among wild birds. By contrast, HPAI H5 viruses replicate efficiently in the upper respiratory 
tract of infected birds. 


Typically, outbreaks of HPAI occur in poultry; historically, the resulting disease was 
called “fowl plague.” Viruses that are highly pathogenic for chickens often cause high 
mortality in turkeys and Japanese quail but are usually nonpathogenic for ducks, geese, and 
other wild birds, with the exception of some of the recently circulating H5/Gs/Gd viruses 
(see Infections of Humans with H5 Viruses of the A/goose/Guangdong/1/1996 Lineage 
section). Infection of ducks with some H5/Gs/Gd viruses results in systemic infections with 
high virus titers in the respiratory organs; neurologic symptoms may also be observed. 
However, infected birds may die without clinical symptoms. In experimental infections of 
several bird species, H5/Gs/Gd viruses were not uniformly lethal, and infected animals shed 
appreciable amounts of viruses, which could facilitate virus spread. A characteristic feature 
of H5/Gs/Gd infection in ducks is that virus titers in oropharyngeal swabs are higher than 
those in cloacal swabs.!*° In chickens, influenza virus infections with HPAI viruses can result 
in mortality rates of up to 100%. Historically, outbreaks of HPAI were controlled by 
depopulation and vaccination. While these and other control measures continue to be 
implemented, H5/Gs/Gd viruses have become enzootic in poultry populations in different 
parts of the world. 


Most HPAI viruses have a series of basic amino acids at the HA cleavage site (see HA 
Cleavage section); however, exceptions exist in which viruses with multiple basic amino 
acids at this site are not highly pathogenic in chickens, or highly pathogenic viruses do not 
possess a conventional HA cleavage site. All HPAI viruses known to date belong to the H5 or 
H7 subtype; however, only a small proportion of all H5 and H7 viruses are highly 
pathogenic. 


Occasionally, avian influenza viruses infect mammalian species (see Transmission of 
Avian and Swine Influenza Viruses to Humans section). Most of these infections are self- 
limiting, and stable lineages have emerged rarely, such as in pigs in 1979 with the 
introduction of an avian H1N1 virus. In mammals, LPAI viruses cause bronchitis, 
bronchiolitis, and pneumonia. A major exception is the H7N9 virus that emerged in China in 
2013 (see Infections of Human with Low and Highly Pathogenic H7N9 Viruses section). 
Although most H7N9 viruses are of the low pathogenic type, they have infected 1567 people 
with a case fatality rate of 39%. 


In the last 5 years, more than 7,100 outbreaks of HPAI viruses in domestic birds in 68 
countries have been reported to the OIE (http://empres-i.fao.org/eipws3g/); most were caused 
by H5 viruses. 


Non-Gs/Gd Lineage HPAI H5N2 Virus Outbreaks 


Pennsylvania outbreak 
In April 1983, a low virulent H5N2 virus (A/chicken/Pennsylvania/1/83) emerged in 


chickens in Pennsylvania. By October, this virus had mutated into a highly pathogenic 
variant (A/chicken/Pennsylvania/1370/83) causing a mortality rate of more than 80% in 
chickens. The virus was eventually eradicated by the slaughter of more than 17 million birds. 
The avirulent predecessor was unusual in that it had multiple basic amino acids at the HA 
cleavage site. The virulent strain differed from its predecessor by only a few nucleotides 
including one that caused the loss of an HA glycosylation site, thereby exposing the multiple 
basic HA cleavage site to the ubiquitous cellular proteases furin and PC6. 


Mexican outbreak 


In May 1994, a mildly pathogenic H5N2 virus was isolated from Mexican chickens 
(A/chicken/Mexico/26654-1374/94). This virus was not eradicated by mass slaughter 
because it had already spread widely. Stepwise accumulation of mutations over several 
months yielded moderately (A/chicken/Puebla/8624-602/94) and highly 
(A/chicken/Queretaro/14588-19/95) pathogenic strains with a series of basic residues at the 
HA cleavage site. Vaccination was implemented in 1995 and by 2001, more than 1 billion 
doses of inactivated vaccine had been used. Between 1998 and 2001, 459 million doses of 
recombinant fowlpox-vector vaccine were also administered. Low pathogenic H5N2 strains 
continue to circulate, as do genetically related viruses in the neighboring countries of 
Guatemala and El Salvador. In 2005, an H5N2 virus with low pathogenicity emerged in 
chickens in Japan. This virus is a descendant of the virus responsible for the Mexican 
outbreak and is closely related to a virus isolated from Guatemala. The origin of the Japanese 
strain remains unknown. 


H7N1 Outbreaks 


In March 1999, an LPAI virus of the H7N1 subtype was isolated from a poultry farm in Italy. 
The virus was not eradicated and the infection spread, resulting, in December, in the 
emergence of a highly pathogenic isolate. More than 13 million birds were destroyed to 
control the outbreak. The reemergence of this LPAI in August 2000 was controlled by 
additional depopulation followed by a vaccination campaign from November 2000 to May 
2002. The vaccine was based on an inactivated H7N3 virus to allow differentiation of 
infected and vaccinated animals (DIVA). Vaccination in combination with intensive 
monitoring led to the eradication of this H7N1 virus. Outbreaks of HPAI viruses of the H7N1 
subtypes also occurred in ostriches in South Africa in 2012 and among wild water birds in 
Algeria in 2016. Both outbreaks were relatively small. 


H7N2 Outbreak 


Highly pathogenic H7N2 viruses killed more than 18,000 domestic chickens in a free- 
ranging and cage bird layer flock in Australia in 2013. 


H7N3 Outbreaks 


Several outbreaks of HPAI H7N3 viruses have occurred in poultry in Asia and in North and 
South America. During an outbreak in Canada in 2004, two workers developed symptoms of 
influenza virus infection. H7N3 viruses isolated from these individuals had increased affinity 
for human-type receptors (see Receptor Specificity of Influenza Viruses section). Both the 
Chilean and 2004 Canadian isolates arose from LPAI viruses through recombination events 
that inserted 10 amino acids from the NP protein (Chilean virus) or 7 amino acids from the 
M1 protein (Canadian virus) into the HA cleavage site. 


In June 2012, an _ outbreak of HPAI H7N3_ viruses’ (represented by 
A/chicken/Jalisco/CPA 1/2012) started in commercial poultry farms in the Mexican state of 
Jalisco (a major egg production area), resulting in the death through disease or culling of 
more than 22 million poultry. During a second wave in the first half of 2013, the HPAI 
viruses spread to industrial and backyard poultry in neighboring states. Another large 
outbreak occurred in 2016 that led to greater than 250,000 poultry being culled. 


Genetic and phylogenetic analysis revealed close similarity of the HPAI H7N3 Mexican 
viruses with North American avian viruses of different subtypes, suggesting that 
reassortment played a role in the generation of the Mexican H7H3 viruses. The HA gene of 
the Mexican HPAI H7N3 viruses possesses a 24-nucleotide insertion at the cleavage site, 
which was most likely derived from chicken 28S rRNA through nonhomologous 
recombination; this insertion encodes several basic amino acids. Interestingly, 
nonhomologous recombination of HA and 28S rRNA sequences had been reported 
previously, when sequential passages of A/turkey/Oregon/71 (H7N3) virus in embryonated 
chicken eggs resulted in the insertion of 54 nucleotides of 28S rRNA near the HA cleavage 
site.°° The virus with the 28S rRNA insertion no longer required exogenous trypsin for HA 
cleavage (see HA Cleavage section) and was more pathogenic in chickens than the parent 
virus. Two human infections with the Mexican HPAI H7N3 viruses occurred among poultry 
workers; both developed conjunctivitis. The virus isolated from one of the infected people 
(A/Mexico/INMDRE7218/2012) was lethal in mice. In ferrets infected with this virus, clinical 
signs of illness were observed; the virus replicated efficiently in the upper and lower 
respiratory tract and transmitted to naive contact animals in the same cage. 


H7N7 Outbreaks 


In 2003, an HPAI of the H7N7 subtype caused outbreaks in layer farms in The Netherlands, 
resulting in the death or culling of more than 30 million birds. Experimental infection of 
chickens confirmed the highly pathogenic phenotype of the virus. The outbreak spread to 
Belgium and Germany but was brought under control by mass slaughtering. In The 
Netherlands, the outbreak was associated with one fatal human case, a veterinarian who 
contracted the disease, and with conjunctivitis in 78 individuals who either directly handled 
affected poultry or had family members who did.**;”° These data suggest human-to-human 
transmission, and experimental infection of cats demonstrated that the virus isolated from the 
fatal case caused alveolar damage with infection of type 2 pneumocytes and nonciliated 
bronchial cells, comparable to infection with an H5/Gs/Gd virus. The virus isolated from the 


fatal case differed by 14 amino acids from a virus isolated from another individual with 
conjunctivitis; the acquisition of PB2-627K (a known determinant of pathogenicity in 
mammals; see The Replication Complex section*®'°’) was pivotal for increased 
pathogenicity and tissue tropism. Depopulation of infected poultry and the treatment of at- 
risk individuals with NAIs likely prevented further spread of this virus. 


In 2005, an outbreak of H7N7 HPAI occurred in chickens in the Democratic People’s 
Republic of Korea. More than 200,000 chickens died from influenza virus infection or were 
destroyed. Further outbreaks of H7N7 HPAI occurred in several European countries 
including Spain, the United Kingdom, Italy, and Germany between 2008 and 2016, resulting 
in small to moderate numbers of poultry that succumbed to infection or were culled. 


Non—Chinese Lineage H7N9 Outbreak 


The H7N9 viruses that emerged in China in 2013 and caused human infections are discussed 
in the Infections of Humans with Low and Highly Pathogenic H7N9 Viruses section. In 
March of 2017, an outbreak of HPAI H7N9 viruses occurred in poultry farms in Tennessee. 
At the same time, LPAI H7N9 viruses were isolated in a neighboring county and later also in 
the neighboring states of Alabama, Kentucky, and Georgia. More than 100,000 animals were 
culled to stop the further spread of the viruses. The sequences of the LPAI and HPAI viruses 
were very similar, except for an 8-amino-acid insertion at the HPAI HA cleavage site that 
matched the sequence of chicken 28S rRNA. Interestingly, this insertion was almost identical 
to that detected in the 2012 Mexican HPAI H7N3 viruses. The American LPAI and HPAI 
H7N9 viruses were closely related to an American teal virus (A/blue-winged 
teal/Wyoming/AH0099021/2016; H7N9) but differed from the H7N9 viruses that emerged in 
China in 2013. 


Low Pathogenic H9N2 Avian Influenza Viruses 


Since the mid-1990s, LPAI viruses of the H9N2 subtype have become enzootic in poultry 
populations in many countries in Asia, the Middle East, and North Africa. H9N2 influenza 
viruses are currently the most prevalent LPAI in poultry in the world. Chickens infected with 
HON2 viruses often experience respiratory distress with reduced egg production. In the field, 
mortality rates as high as 40% have been observed, which may be the consequence of 
coinfections with other pathogens. In contrast, H9N2 infections of specific pathogen-free 
chickens in laboratory settings are typically nonlethal with mild influenza-like symptoms. 
H9ON2 influenza viruses are rarely detected in wild birds. 


HON2 influenza viruses can be separated into North American and Eurasian lineages. In 
Eurasia, several lineages are circulating, often referred to as the Y280-like lineage (named 
after A/duck/Hong Kong/Y280/97), the Gi-like lineage (named after A/quail/Hong 
Kong/G1/97), the Korean or Y439-like lineage (named after A/duck/Hong Kong/Y439/97), 
the BJ/94—like lineage (named after A/chicken/Beijing/1/1994), and the F/98-like lineage 
(named after A/chicken/Shanghai/F/1998). Frequent reassortment has resulted in a large 
number of different genotypes within these lineages. 


Since their introduction into poultry, the host range and virulence of H9N2 viruses have 
increased. Overall, early HON2 virus isolates replicated less efficiently in poultry and were 
shed for shorter periods of time than more recent isolates. Since the early 2000s, many H9N2 
viruses of the Y280 and G1 lineages have acquired an HA-Q226L (H3 numbering) mutation, 
which increases binding to human-type receptors (see Receptor Specificity of Influenza 
Viruses). The ability to efficiently bind to human-type receptors may explain the expanded 
host range of these HON2 viruses, which have infected humans and other mammalian species 
including pigs, dogs, cats, weasels, and mink. In humans, H9ON2 infections are typically mild, 
and serosurveillance studies suggest many unreported cases. All human H9N2 virus 
infections have been caused by viruses of the Y280 and G1 lineages, most of which encoded 
the mammalian-adapting HA-Q226L change. Since the late 1990s, H9N2 viruses have been 
isolated repeatedly from pigs; serosurveillance studies detected seroconversion rates of, for 
example, 16% in pigs in Southern China in 2010 to 2012. However, experimental infection of 
pigs with H9ON2 viruses demonstrated that these viruses do not readily spread among pigs. 
HON2 viruses replicate in mice and ferrets without the need for prior adaptation, and their 
virulence in mice differs, ranging from respiratory to systemic infection (with fatal outcome). 
In ferrets, HON2 viruses replicate in the respiratory tract and transmit to cage mates. 
Importantly, six of nine H9ON2 viruses isolated from chickens in China in 2010 to 2013 
transmitted via respiratory droplets to exposed ferrets,’? demonstrating that these viruses 
possess the ability to transmit among mammals via the airborne route. 


Reassortment of H9ON2 viruses with other avian influenza viruses has resulted in a 
number of viruses with all or some of their internal VRNA segments from H9N2 viruses, 
including viruses that have infected humans such as H5N1, H5N6, H7N9, and H10N8 
viruses (see Transmission of Avian and Swine Influenza Viruses to Humans). The prevalence 
of HON2 viruses in poultry and the donation of H9N2 internal VRNA segments to various 
subtypes that have caused human infections identify H9N2 influenza viruses as an important 
component of the influenza virus ecology. 


Vaccines for Avian Influenza Viruses 


The increasing number of outbreaks caused by H5 and H7 viruses, the fact that H5, H7, and 
H9 viruses are now enzootic in poultry populations in parts of the world, and the increasing 
number of human infections with these viruses have spurred the development of avian 
vaccines and the vaccination of poultry flocks. Most approved vaccines for H5, H7, and H9 
viruses are based on inactivated whole-virus preparations, although some live recombinant 
vaccines based on Newcastle disease, fowl pox, and turkey herpesvirus are now available. 


Official vaccination programs against H5 viruses have been carried out in several Asian 
and African countries but have failed to eradicate H5 viruses in most of these countries. 
Possible reasons include limited adoption of vaccination campaigns, failure to induce 
sterilizing immunity that may result in undetected virus spread and evolution, and limited 
cross-reactivity with viruses of different clades. In September of 2017, China implemented a 
vaccination campaign with a recombinant bivalent vaccine directed against H5 and H7 
viruses. As a result, the isolation rate of H7N9 viruses from poultry dropped by greater than 


90%, and only three human H7N9 virus infections were reported between October 1, 2017, 
and September 30, 2018. 


Influenza in Swine 


The first isolation of an influenza A virus from pigs dates to 1930 (A/swine/Iowa/15/30 
[H1N1]). Swine influenza viruses are enzootic in swine populations around the world and 
cause a respiratory disease with high morbidity but low mortality in these animals. Signs of 
infection include inactivity, nasal discharge, coughing, fever, labored breathing, weight loss, 
and conjunctivitis. Infections are limited to the respiratory tract with tracheobronchial 
lesions. Avian and human viruses of several subtypes (or reassortants thereof) have caused 
local outbreaks or become enzootic in pigs. A novel H1N1 virus, which most likely 
originated from reassortment of different influenza viruses in pigs,??!°!°° caused the 2009 
H1N1 pandemic. 


Collectively, the prominent role for pigs in the emergence of novel influenza viruses is 
supported by several findings: (a) pigs are sporadically infected with certain human seasonal 
influenza viruses and to a lesser extent avian influenza viruses, and swine influenza viruses 
have transmitted to humans; (b) epithelial cells in pig trachea contain both human- and avian- 
type receptors (i.e., Siaa2,6Gal and Siaa2,3Gal, respectively); and (c) frequent reassortment 
(both intra- and intersubtypic) occurs among swine influenza viruses, and reassortment has 
also been detected between swine and human influenza viruses and infrequently occurs 
between swine and avian viruses. These observations support the “mixing vessel” hypothesis 
that simultaneous infections of pigs with swine, avian, and human influenza viruses may 
result in the generation of reassortants capable of causing pandemics. 


Over the last century, several major lineages of influenza A viruses of the H1 and H3 
subtypes have circulated in swine populations in several continents (Fig. 15.8). 


Swine H1 Viruses 


Based on the phylogenetic relationships of swine influenza virus HA nucleotide sequences, a 
nomenclature system has been implemented that groups H1 swine influenza viruses into 
three major lineages, termed 1A, 1B, and 1C (Table 15.1). The 1A viruses were formerly 
known as “classical swine lineage”; they are descendants of the 1918 H1N1 pandemic virus 
and have been isolated in swine populations in North America, Europe, and parts of Asia. 


1A (formerly known as 1A.1 Americas, Europe, Asia Descendants of 1918 pandemic virus; formerly called a-H1 
classical swine lineage) viruses; 3 subclades (1A.1.1-1.3) 


1A.2 North America, (Asia) Descendants of North American triple reassortant viruses; 
formerly called £-H1 viruses 


1A.3 Worldwide Descendants of North American triple reassortant viruses; 3 
subclades (1A.3.1-3.3); 1A.3.3 is further divided into 3 subclades: 
1A.3.3.2 HIN1pdm09 viruses with worldwide distribution, and 
the numerically dominant 1A.3.3.3, formerly called y-H1 viruses 


1B (formerly known as 1B.1 Europe Descendants of human seasonal H1 viruses introduced into 
human seasonal lineage) European pig populations in the 1990s; 2 subclades (1B.1.1-1.2); 
1B.1.2 is further divided into 3 subclades 


1B.2 Americas Descendants of human seasonal H1 viruses that were introduced 
into North American pig populations in the 2000s; 2 subclades 
(1B.2.1-2.2); 1B.2.1 and 1B.2.2 were formerly known as 52- and 
61-H1 viruses, respectively; 1B.2.2 is further divided into 2 


subclades 
1C (formerly known as 1C.1 Europe Descendants of avian influenza viruses introduced into European 
Eurasian avian lineage) pig populations in 1979 
1C.2 Europe, Asia, (North America) Descendants of avian influenza viruses introduced into European 


pig populations in the late 1990s; 3 subclades (1C.2.1-2.3); 
subclade 1C.2.3 viruses originated in Europe but are now mostly 
detected in Hong Kong and mainland China 


4Parenthesis indicates that only small proportions of viruses of the respective clade were detected in the indicated 
geographic location. 


In 1997 and 1998, H3N2 double human/swine reassortant and triple human/avian/swine 


reassortant viruses emerged in North America.'°° The double reassortant virus possessed 
human-like HA, NA, and PB1 genes, whereas the remaining genes were of classical swine 
virus origin, but this virus did not establish a stable lineage. The human/avian/swine triple 
reassortant viruses that contained HA, NA, and PB1 polymerase genes of human virus origin; 
PB2 and PA polymerase genes of avian virus origin; and NP, matrix (M), and nonstructural 
(NS) genes of classical H1N1 swine virus origin quickly became established throughout the 
North American swine population.'®° These viruses reassorted with enzootic classical H1N1 
swine viruses, resulting in the diversification of H1 genes into the 1A.1, 1A.2, and 1A.3 
subclades that have cocirculated in the United States and in parts of Asia. While reassortment 
has resulted in different HA/NA gene constellations, the constellation of the internal genes 
(i.e., PB2, PB1, PA, NP, M, and NS) was relatively stable for several years and became 
known as the TRIG (triple reassortant internal gene) cassette. The combination of the NA 
and M segments of a European avian—like swine virus with the remaining six segments from 
a triple reassortant virus resulted in the emergence of the H1N1pdm09 virus (subclade 
1A3.3.2) in 2009.°%:'9°-19° This virus caused a pandemic and has now established a stable 
lineage in humans. Multiple “reverse zoonosis” (anthroponosis) events have repeatedly 
reintroduced the HiN1ipdm09 virus from humans to pigs, where it has since reassorted with 
enzootic swine viruses. 


The 1B lineage (formerly known as “human seasonal lineage”) resulted from the 
introduction of human influenza viruses into pigs. Clade 1B.1 includes European human-like 
reassortant H1N2 viruses with an HA of human virus origin and the remaining genes from 


Eurasian reassortant human-like swine H3N2 viruses. The clade 1B.1 viruses have been 
limited to European swine populations. Clade 1B.2 viruses were detected globally in the 
early 2000s, with two separate introductions of human influenza viruses into pig populations 
in North America forming subclades 1B.2.1 and 1B.2.2. 


The 1C lineage viruses were colloquially known as “Eurasian avian lineage” swine 
viruses. The 1C.1 H1N1 clade was founded by transmission of avian H1 influenza viruses 
into pigs in Europe in the late 1970s. Viruses of this clade caused multiple outbreaks 
throughout European pig populations, diverged, and formed a new clade 1C.2 in the late 
1990s. Most 1C.2 viruses have been isolated in Europe, but viruses of the 1C.2.3 clade 
(which emerged in France in 1999) spread to Hong Kong and mainland China. 


Swine H3 Viruses 


Human H3N2 viruses have been transmitted to pigs multiple times in different locations and 
have founded several swine virus lineages. A new nomenclature for swine H3 similar to that 
developed for H1 viruses was proposed by the OIE and FAO influenza network (OFFLU) 
swine working group and is currently in development (T.K. Anderson, personal 
communication); it separates the currently circulating swine virus lineages based on the 
decade of their introduction into swine populations. For example, the human H3N2 viruses 
that were introduced into the European pig population in the early 1970s similar to A/Port 
Chalmers/1/73 are referred to as lineage 3.1970.1 (Table 15.2). In 1984, severe disease 
among Italian and French pigs was traced to a novel reassortant H3N2 strain that possessed 
human virus—like HA and NA genes from the 1970s introduction, but its internal genes were 
derived from Eurasian avian—like H1N1 swine viruses. This virus (referred to as Eurasian 
reassortant human-like swine H3N2 virus) soon became enzootic and replaced the human- 
like swine H3N2 viruses. 


TABLE 15.2 Overview of major, currently circulating H3 swine virus 


lineages 


_liaae 


1970s human-to-swine —-3.1970.1 Europe, Asia Formerly called A/Port Chalmers/1/73-like swine H3N2 


transmissions viruses 
1980s human-to-swine 3.1980.1 Taiwan 
transmissions 
1990s human-to-swine 3.1990.1 North America Descendants of triple reassortant H3N2 viruses 
transmissions 3.1990.2 Korea, United States, Mexico Descendants of triple reassortant H3N2 viruses (formerly 
called cluster |) 
3.1990.3 Asia 
3.1990.4 North America, (Korea, Descendants of triple reassortant H3N2 viruses (formerly 
Vietnam) called cluster IV); 6 subclades (3.1990.4.a-f; formerly called 
clusters IV-A through IV-F) 
3.1990.5 Brazil 
2000s human-to-swine 3.2000.1 Argentina 
transmissions 3.2000.2 Keig 
3.2000.3 Europe 
3.2000.4 China, Hong Kong, Vietnam 
2010s human-to-swine 3.2010.1 North America Formerly called US 2010 human-like 
HONE USECRG 3.2010.2 North America 


4Parenthesis indicates that only small proportions of viruses of the respective clade were detected in the indicated 
geographic location. 


Viruses of the H3 subtype did not circulate widely in North American swine populations 
until the late 1990s, although low rates of seropositive samples were reported. As discussed 
with the swine H1 viruses, this changed in 1997/1998 with the introduction of double and 
triple reassortant H3N2 influenza viruses into North American pig populations. The triple 
reassortant H3N2 viruses evolved into five HA clades and the major HA clade (3.1990.4) has 
further diversified into several subclades. Viruses from clade 3.1990.4 have also infected 
humans (see Infections of Humans with Swine Influenza Viruses section). In the 2000s and 
2010s, several independent introductions of human H3N2 viruses into pigs, followed by 
reassortment with enzootic swine viruses, resulted in new swine virus lineages in different 
continents. An introduction from the 2010/2011 influenza season led to a new stable lineage 
in the United States, 3.2010.1, that is now the dominant swine H3 lineage detected in this 


country and has caused a number of human infections.!!*!° 


Genetic Diversity of Swine Influenza Viruses 


In the 20th century, a limited number of swine influenza virus genotypes were known, some 
of which (such as the classical H1N1 viruses) circulated for several decades. Over the last 
few decades, changes in the epizoology of swine influenza viruses (such as increased swine 
movement), and increased surveillance in pigs, have resulted in the detection of multiple 
novel genotypes. As described above, multiple clades and subclades of H1 and H3 viruses 
are now (co)circulating in several parts of the world. In addition, NAs of several major 
genetic lineages are (co)circulating in swine populations worldwide. The remaining viral 
segments typically originate from classical H1-1A, the TRIG cassette, H1-1C Eurasian avian, 
or HiN1pdm09 viruses. 


Establishment of avian viruses in swine has been infrequent, although there is serologic 
and virologic evidence demonstrating that transmission events occur. In 1998, avian H9ON2 
viruses were first detected in swine in Hong Kong but did not establish a stable lineage. 
Based on their HA sequences, some of the swine H9N2 viruses may bind to human-type 
receptors. HPAI H5N1 viruses have been isolated from pigs in Asia on several occasions, 
although the prevalence of HPAI H5N1 viruses in pigs appears to be low. Moreover, H9N2 
viruses with HPAI H5N1-like sequences have been described, suggesting reassortment 
between H5N1 and H9N2 viruses. To date, no H7N9 influenza viruses (see Infections of 
Humans with Low and Highly Pathogenic H7N9 Viruses) have been isolated from pigs. 
Viruses of other subtypes including H2N3, H3N1, H3N3, H3N8, H4N6, H4N8, H5N2, 
H6N6, H7N2, and H11N6 have been isolated from pigs, but these viruses have not 
established stable lines in swine populations. 


Influenza in Horses 


Two different subtypes of influenza A viruses are recognized in horses: H7N7, historically 
referred to as equine-1, and H3N8, referred to as equine-2. Equine influenza is typically 
associated with fever, nasal discharge, dry hacking cough, loss of appetite, muscular 
soreness, and tracheobronchitis. The disease is usually more severe with equine-2 (i.e., 
H3N8) viruses and can include inflammation of the heart muscle. Secondary bacterial 
infections can be fatal. Equine H3N8 influenza virus was the parent of the canine H3N8 
influenza virus that emerged in 2004. Prior to the 20th century, equine and human or avian 
“influenza” epidemics were often temporally associated. Serum antibodies to influenza D 
virus have been detected in horses although as yet no virus isolation or clinical disease has 
been reported. Equine influenza viruses cause disease in experimentally infected mice and 
ferrets. 


The first equine influenza virus (A/equine/Prague/56 [H7N7]) was isolated in 1956 
during a widespread enzootic of respiratory disease among horses in Eastern Europe. The last 
confirmed outbreak of this subtype occurred in 1979. It is believed to be extinct; however 
anecdotal reports of equine H7N7 outbreaks in Egypt and India, and the sporadic detection of 
H7-specific antibodies in reportedly unvaccinated horses, suggest the possibility that the 
viruses still circulate in small geographic pockets or in a subclinical form since their last 
isolation. In 1963, an equine influenza virus of the H3N8 subtype (A/equine/Miami/63 
[H3N8]) was isolated in the United States and caused a major epidemic. It was later found to 
have been introduced into North American horses via the importation of horses from 
Argentina. Several studies suggested reassortment between the equine H7N7 and H3N8 
viruses while they were cocirculating. Another enzootic with an H3N8 virus occurred in 
China in 1989. This virus caused morbidity rates of up to 80% and mortality rates of up to 
20%. Based on sequence analysis, the virus was of avian origin and unrelated to the H3N8 
virus already established in horse populations. It remained confined to the Chinese horse 
population and was not isolated after the mid-1990s. 


Phylogenetic separation of Eurasian and American lineages has been observed in the 
equine H3 HA proteins since 1987; within the American lineage, three sublineages (South 


American/Argentinian, Kentucky, and Florida) are recognized. The Florida sublineage has 
evolved into two clades (Florida clade 1 and Florida clade 2); viruses of these two clades 
have caused the major recent equine influenza virus outbreaks in horses around the world 
since 2003. For the other viral gene segments, phylogenetic lineages have been described 
corresponding to the Florida clade 1 and clade 2 lineages in HA. 


Inactivated vaccines of the H3N8 subtype have been widely used. Studies suggest that 
the immunity conferred by inactivated vaccines is short-lived (<6 months in young horses); 
therefore, outbreaks of equine influenza can affect vaccinated horses as well. Outbreaks of 
equine H3N8 continue to occur throughout the world, probably supported by the 
international transportation of vaccinated horses, in which virus replicates in a subclinical 
form. For example, international transportation of vaccinated horses likely led to the 
introduction of equine influenza into Australia in 2007. Several equine influenza vaccines are 
now commercially available including inactivated vaccines (some of which are adjuvanted 
with immune-stimulating complexes); cold-adapted, temperature-sensitive, modified live 
equine influenza virus vaccine; and recombinant canarypox-vectored vaccine. Some of these 
vaccines do not provide sterilizing immunity, so the vaccinated horses continue to shed virus. 


Influenza in Dogs 


In 2004, outbreaks of respiratory disease occurred in racing greyhounds in Florida. The 
causative agent was an influenza A virus (A/canine/Florida/43/2004 [H3N8]) closely related 
to contemporary H3N8 equine viruses, suggesting interspecies transmission. The virus spread 
among the greyhound populations, indicating that the equine influenza viruses replicated in 
and transmitted among these dogs. This virus soon spread to other dog breeds but was largely 
maintained in large animal shelters in the United States, where the turnover of dogs and 
introduction of new susceptibles allowed the virus to be maintained for several years, 
although since 2016 the virus has only been detected at low levels and may have died out. 
The H3N8 viruses that circulated in horses and dogs in North America became genetically 
distinguishable and no additional interspecies transmission from horses to dogs or back to 
horses has been reported. Infection of individual dogs with an equine H3N8 virus was also 
reported in Australia in 2007, and a retrospective study showed that an outbreak of 
respiratory disease in English foxhounds in the United Kingdom in 2002 was also caused by 
an equine H3N8 virus. In experimental studies, horses infected with the canine virus 
seroconverted but showed little signs of disease. The infection of dogs with equine influenza 
viruses may be facilitated by the presence on canine respiratory epithelial cells of Siaa2,3Gal 
receptors, which are preferentially bound by equine influenza viruses. 


In 2006, an avian H3N2 influenza—derived virus was isolated in Korea from domestic 
dogs with respiratory symptoms. Experimental testing showed that this virus caused 
tracheobronchitis and bronchiolitis in dogs and was transmitted to contact animals. While it 
is not clear where this virus first emerged, it was widespread in China and also isolated from 
an outbreak in Thailand. The virus may be maintained in farmed dogs, but seroprevalence 
studies have also detected it in household dogs. In 2015, the canine H3N2 virus was 
introduced into the United States from Korea, and in 2017 and 2018, there were multiple 


epidemics that spread through many US states; these epidemics mostly stemmed from the 
new introductions of viruses from Asia, although there was some long-term transmission. 


Seroprevalence studies detected antibodies to human H1 and H3 viruses in dogs in 
China. Moreover, reassortants between canine H3N2 and human influenza viruses have been 
isolated from dogs. Several cases of canine infections with highly pathogenic H5 viruses 
have also been reported although without significant transmission, and experimental studies 
have confirmed the susceptibility of dogs to H5N1 viruses. Under experimental conditions, 
dogs are also susceptible to HON2 influenza viruses. Collectively, these data demonstrate the 
susceptibility of dogs to human and avian influenza viruses. Inactivated vaccines are 
available against the canine H3N2 and H3N8 viruses. 


Influenza in Cats 


Cats are susceptible to both human and avian influenza viruses. In Italy in 2009, an outbreak 
of A(H1N1)pdm09 viruses occurred in a colony of approximately 90 cats; half of the animals 
exhibited disease symptoms and 25 cats died. Serum samples were collected from 38 
animals; more than half were seropositive. Infections of cats with A(H1N1)pdm09 viruses 
have also been reported in the United States and Canada. 


In 2016, approximately 500 cats in large shelters in New York City became infected with 
an H7N2 low pathogenic influenza virus similar to viruses circulating in live-bird markets in 
the New York area in the late 1990s to the early 2000s. A veterinarian who treated sick cats 
became infected with the virus and experienced respiratory symptoms. A retrospective 
serosurvey demonstrated that 1 of 121 shelter workers tested was seropositive for H7N2 
influenza virus. The novel feline virus and the virus isolated from the infected veterinarian 
replicated in the respiratory organs of mice and ferrets but did not cause severe disease. The 
feline H7N2 virus transmitted via respiratory droplets to exposed ferrets; in an independent 
experiment carried out by a different research group, the H7N2 virus isolated from the 
veterinarian did not transmit to cohoused ferrets. 


In addition to the outbreaks described above, transmission of canine H3N2 viruses (see 
Influenza in Dogs section) to cats resulted in an outbreak in an animal shelter in Seoul, South 
Korea, with 100% morbidity and 40% mortality. Infections of cats with highly pathogenic H5 
viruses have been reported in China and South Korea; and zoo tigers died after eating poultry 
infected with highly pathogenic H5N1 viruses, with probable virus transmission among the 
tigers. The experimental infection of cats with two low pathogenic North American avian 
viruses resulted in virus replication in the respiratory tract of cats; no signs of disease were 
observed. Seroprevalence studies in various cat populations in North America showed low 
rates of exposure to highly pathogenic H5 viruses but appreciable rates of seropositivity to 
human influenza viruses. The susceptibility of cats to human and avian influenza viruses 
may, in part, be explained by the expression of both Siaa2,6Gal and Siaa2,3Gal in the 
respiratory tract of these animals. 


Influenza in Seals and Whales 


A significant epizootic in seals occurred in 1979 and 1980, when approximately 20% of the 
harbor seal (Phoca vitulina) population of the northeast coast of the United States died of a 
severe respiratory infection with consolidation of the lungs typical of primary viral 
pneumonia. Antigenic and genetic analyses revealed that the influenza virus isolated from the 
lungs and brains of dead animals (A/seal/Massachusetts/1/80 [H7N7]) was of avian origin. 
This virus replicated to high titers in ferrets, cats, and pigs and caused conjunctivitis in 
humans. From June 1982 to March 1983, harbor seals along the New England coastline again 
died of viral pneumonia, which was caused by an avian H4N5 virus that replicated in the 
intestinal tracts of ducks. Harbor seals along the New England coast experienced another 
outbreak of pneumonia in September through December of 2011, when more than 160 
animals died. The causative agent was an avian H3N§8 virus that possessed mammalian- 
adapting features, such as the ability to transmit among ferrets via respiratory droplets and 
the PB1-D701N mutation, which facilitates the replication of avian influenza viruses in 
mammals (see The Replication Complex section). In the second half of 2014, thousands of 
seals died along the coast of Sweden, Denmark, Germany, and The Netherlands due to 
infection with an H10N7 influenza virus (closely related to avian H10N7 viruses from wild 
birds) and secondary bacterial infections. Ferrets infected with the seal H10N7 virus 
displayed mild disease signs. Serology studies and direct virus isolation have also revealed 
infection of several seal species with different influenza A and B viruses. 


Influenza viruses of the H1i3N2 and H13N9 subtypes were isolated from the lungs and 
hilar nodes of a stranded pilot whale. It is not known whether the influenza virus infection 
caused or contributed to the stranding of this whale. In addition, H1N3 viruses have been 
isolated from lung and liver samples of whales from the South Pacific. 


Influenza in Mink 


Mink are naturally susceptible to infection with human and avian influenza viruses. Avian 
influenza viruses of the H10N4 subtype killed mink in Sweden and spread to contact 
animals. In 2006, respiratory problems were noticed among mink in mink farms in Canada; 
subsequently, an influenza A virus was isolated from one animal with clinical signs. Further 
analysis identified the virus as a swine triple reassortant H3N2 virus. Another outbreak in a 
mink farm in the United States in 2010 was caused by a reassortant H1N2 virus. Moreover, 
HPAI H5N1 viruses have been isolated from dead mink in China; these viruses were also 
pathogenic in experimentally infected mice. Seroprevalence studies indicate high levels of 
exposure to avian HON2 influenza viruses in Chinese mink populations. Two different HIN2 
influenza viruses isolated from a Chinese mink farm in 2014 were tested in mice: one virus 
caused weight loss and 20% mortality in experimentally infected mice, whereas the other 
virus did not cause disease in infected mice. The virulent H9N2 virus encoded PB2-701N, a 
mammalian-adapted marker (see The Replication Complex section). Seroprevalence studies 
also indicate exposure of free-ranging mink in Spain to influenza viruses. Influenza viruses 
of human, swine, avian, and equine origin replicate in experimentally infected mink, and 
transmission to cage mates has been observed for some of these viruses. 


Influenza in Bats 


In 2012 and 2013, two new influenza virus genomic sequences were identified in yellow- 
shouldered bats in Guatemala and in flat-faced fruit bats in Peru, respectively.!4!!4* Based on 
sequence and phylogenetic analyses, the viral sequences were provisionally designated as 
H17N10 and H18N11 subtypes, respectively. Serologic studies demonstrated antibodies to 
H17N10 and H18N11 viruses in bat populations; however, to date, no H17N10 or H18N11 
live virus has been isolated from bats. 


Initial attempts to generate live bat influenza viruses by employing reverse genetics 
failed. However, the in vitro characterization of bat influenza virus proteins and the 
characterization of reassortant viruses possessing one or several bat influenza virus genomic 
segments combined with the remaining genomic segments of conventional influenza viruses 
revealed that the polymerase complex of bat influenza viruses can catalyze the replication of 
VRNAs of conventional influenza A virus and that the bat influenza NS1 protein possesses 
RNA-binding and interferon-inhibiting activity similar to that of conventional influenza A 
viruses. The studies with reassortant viruses also revealed an incompatibility between 
conventional influenza A and bat influenza viruses at the level of VRNA packaging into new 
virions. The N10 and N11 NA proteins bear structural similarity with the NA proteins of 
conventional influenza A viruses, but the putative active site is wider than that of 
conventional NA proteins and lacks sialidase activity. Currently, the role of the bat influenza 
NA-like protein in the viral life cycle is not known. The H17 and H18 HA proteins are 
structurally similar to H1 to H16 HA proteins but lack the amino acids known to determine 
the receptor-binding specificity of conventional influenza A viruses. In fact, microarrays with 
hundreds of different glycans did not identify sialylglycopolymers that bind to the H17 and 
H18 HAs. The cellular receptor of bat influenza viruses may therefore differ from the sialic 
acids to which conventional influenza A viruses bind. In line with these findings, H17 and 
H1i8 HAs do not bind efficiently to MDCK cells, which are routinely used for the 
propagation of conventional influenza A viruses. However, the H17 and H18 HAs bind 
efficiently to MDCKII cells, which are derived from MDCK cells but differ from them in 
their passage history. With the identification of a cell line that supported H17 and H18 HA 
binding, both viruses were generated by reverse genetics. Further studies revealed that the bat 
influenza viruses infected MDCKII cells via the basolateral site, whereas conventional 
influenza A viruses infect polarized cells from the apical site. Recently, the MHC-IT HLA-DR 
complex has been identified as the cellular receptor of bat influenza viruses; this finding will 
open the door for additional studies on the host range of bat influenza viruses. 


Experimental Infections 


Mice 


Although mice are not naturally infected, they can be experimentally infected with influenza 
A or B viruses. Most human influenza viruses cause indiscernible infection of the upper and 
lower respiratory tract and do not cause lethal disease without adaptation, although 


A(H1N1)pdm09 viruses are more pathogenic than other human viruses.°® °° Recent human 
H3N2 and influenza B viruses do not replicate efficiently in mice. Most avian influenza 
viruses will replicate in respiratory organs (but not cause lethal infections) without prior 
adaptation, most likely because of the presence of Siaa2,3Gal receptors in murine respiratory 
tissues. Notable exceptions include the highly pathogenic HS and H7N9 viruses, which can 
cause lethal infections without prior adaptation. Most laboratory mouse strains are 
susceptible to infection with influenza A viruses and have been used widely to study the 
pathogenesis of and the immune response to influenza viruses. However, most laboratory 
strains lack the Mx gene, which plays a role in the innate host defense (see Mx Proteins 
section), and data obtained from laboratory strains may not therefore be strictly comparable 
to natural virus infections. Knockout mice are useful tools for deciphering the molecular 
basis of virus—host interactions. In addition, two genetically diverse groups of mice are now 
available to correlate phenotypes with genotypes. Based on eight genetically diverse founder 
strains, several carefully designed rounds of breeding between founder strains, and between 
their offspring, were carried out to increase the genetic diversity among these mice. 
Genetically diverse mice are available as Diversity Outbred (DO) or inbred (Collaborative 
Cross, CC) mice. These resources are now used to study the susceptibility of mice to various 
pathogens and the contribution of host genetics to the outcome of infection. 


Guinea Pigs 


Influenza virus propagation in guinea pigs was first reported in 1938 and then in the 1970s. 
Recently, guinea pigs have been established as a transmission model for influenza viruses. 
Human, swine, and avian influenza viruses can be isolated from the lungs and nasal 
turbinates of infected animals, suggesting efficient virus replication; however, signs of 
disease such as weight loss and increased temperature are largely lacking, and no mortality 
was observed upon infection with H5/Gs/Gd or pandemic 1918 virus. The nasal tract and 
trachea of guinea pigs possess both avian-type (Siaa2,3Gal) and human-type (Siaa2,6Gal; 
see Receptor Specificity of Influenza Viruses section) receptors, whereas the lungs contain 
predominately avian-type receptors. 


Syrian Hamsters 


Syrian hamsters are susceptible to infection with human influenza A and B viruses. 
Importantly, recent human H3N2 viruses, which are restricted in their growth in mice, 
replicate in Syrian hamsters without prior adaptation. Human H3N2 viruses replicated in the 
respiratory tract of animals and caused pathologic effects, although no clinical signs of 
influenza virus infection were observed. Human influenza H3N2, A(H1N1)pdm09, and 
influenza B viruses are transmitted to exposed hamsters via respiratory droplets. Lectin 
binding studies have shown that the distribution in the respiratory organs of Siaaw2,6Gal (i.e., 
human-type receptors, see Receptor Specificity of Influenza Viruses section) and Siaa2,3Gal 
(i.e., avian-type receptors) is identical to that of humans; that is, abundant human- and avian- 
type receptors were detected in the upper respiratory tract. In the lungs, human-type receptors 
were expressed on type 1 pneumocytes, whereas avian-type receptors were detected on type 


2 pneumocytes. 


Ferrets 


Ferrets infected with influenza A or B viruses develop a febrile rhinitis. Upon infection with 
human influenza viruses, the lesions are usually confined to the nasal mucosa, but infection 
of the lower respiratory tract has been demonstrated. The pathologic changes of bronchitis 
and pneumonia resemble those seen in humans, which makes ferrets a valuable animal model 
to study various aspects of influenza virus infection. Unlike mice, ferrets can also be used to 
study the transmissibility of influenza viruses. The high susceptibility of ferrets to human 
influenza viruses may be due to the predominance of Siaw2,6Gal receptors in their upper 
respiratory tract. The genome of domestic ferrets has now been sequenced, which may aid in 
the characterization of the host responses to influenza virus infection. 


Nonhuman Primates 


Nonhuman primates can experience natural infections with influenza viruses. The rates of 
seropositive animals can be substantial among captive primates, most likely resulting from 
exposure to infected humans. Experimental infections with influenza viruses have been 
conducted with various old-world (e.g., rhesus and cynomolgus macaques, African green, 
chimpanzees, baboons, gibbons) and new-world (e.g., squirrel monkeys, tamarins, 
marmosets, capuchins) primates; rhesus and cynomolgus macaques are the most frequently 
used nonhuman primate species for influenza virus infection studies. Nonhuman primates 
have been infected with various human influenza A and B viruses, pandemic 1918 virus (or 
reassortants thereof), several avian influenza viruses including highly pathogenic H5N1 and 
H7N7 viruses, and the H7N9 viruses that emerged in China in 2013. These studies assessed 
the pathogenicity of influenza viruses in nonhuman primates, the effect of antivirals, the 
protective efficacy of approved or experimental vaccines, and the host responses to infection. 
In addition, immunosuppression models have been established to mimic the effect of 
immunosuppression on influenza virus infections. In general, influenza virus replication is 
confined to the respiratory tract. Infections with seasonal human influenza viruses typically 
cause few, mild signs of disease, whereas infection with A(H1N1)pdm09 viruses can result in 
high fever. Infection with pandemic 1918 virus resulted in severe disease that required 
euthanasia. Primates infected with highly pathogenic H5N1 viruses typically develop fever 
and visible signs of disease, and subsets of animal succumb to the infection. The severity of 
H7N9 virus infection ranges between that of infection with H5N1 and seasonal human 
influenza viruses. 


MOLECULAR DETERMINANTS OF HOST- 
RANGE RESTRICTION AND PATHOGENESIS 


Four influenza virus proteins—HA, PB2, NS1, and PB1-F2—are known determinants of 


host-range restriction and pathogenicity. Other viral proteins also participate in these events. 


The HA Protein 


The HA protein is responsible for virus attachment and the subsequent fusion of viral and 
cellular membranes. It is synthesized as a single polypeptide chain (HAO) that undergoes 
post-translational cleavage by cellular proteases. This cleavage is essential for infectivity 
because it exposes the hydrophobic N-terminus of HA2, which mediates fusion between the 


viral envelope and the endosomal membrane.”” 


HA Cleavage 


HA is a critical determinant of the pathogenicity of avian influenza viruses, with a clear link 
between HA cleavability and virulence.°* The HA proteins of highly pathogenic H5 and H7 
viruses contain multiple basic amino acids at the cleavage site, which are recognized by 
ubiquitous proteases such as furin, PC6, mosaic serine protease large (MSPL), and 
transmembrane protease serine 13 (TMPRSS13). For this reason, these viruses can cause 
systemic infections in poultry. In cell culture, the HAs of these viruses do not need 
exogenous proteases to form plaques. In contrast, the HA proteins of low pathogenic avian 
and nonavian influenza A viruses, with the exception of H7N7 equine influenza viruses, 
contain a single arginine residue at the HA cleavage site and are cleaved in only a few organs. 
These viruses, therefore, produce localized infection of the respiratory and/or intestinal tract 
that is usually asymptomatic or mild. The tissue tropism of viruses is thus partly determined 
by the availability of host proteases to recognize and cleave the two types of amino acid 
sequences found at the HA cleavage site. The significance of HA cleavability for 
pathogenicity of avian influenza viruses is underscored by the finding that the acquisition of 
an amino acid sequence with multiple basic amino acids can convert low pathogenic strains 
to highly pathogenic strains, as occurred in Mexico in 1994 (H5N2), in Italy in 1999 (H7N1), 
in Chile in 2002 (H7N3), in Canada in 2004 (H7N3), in Mexico in 2012 (H7N3), and in 
China in 2016 (H7N9). Highly pathogenic viruses can also emerge if avirulent viruses with a 
multibasic cleavage site lose a nearby glycosylation site, so that the cleavage site becomes 
accessible to proteases; this scenario resulted in the emergence of HPAI H5N2 viruses in 
Pennsylvania in 1983. 


Two groups of proteases are responsible for HA cleavage. The first group recognizes a 
single arginine and cleaves all HAs. Members of this group include plasmin; blood-clotting 
factor X—like proteases; tryptase Clara; mast-cell tryptase; ectopic anionic trypsin I; tryptase 
TC30; miniplasmin; HAT (human airway trypsin—like protease); TMPRSS2 and TMPRSS4 
(transmembrane protease serine S1 members 2 and 4, respectively); matriptase (a type II 
transmembrane serine protease); kallikrein-related peptidases 1, 5, and 12 (KLK1, 5, and 12, 
respectively; which are secreted serine proteases); and bacterial proteases. In ovo, a protease 
similar to the blood-clotting factor Xa that is present in allantoic fluid cleaves HA, which 
explains why influenza viruses grow efficiently in eggs. Tryptase Clara is secreted from 
specialized respiratory epithelial cells in rats and mice; mast-cell tryptase is found in mast 


cells, whereas ectopic anionic trypsin I is present is stromal cells in the peribronchiolar 
region. Tryptase TC30 has been isolated from mammalian airways. Similarly, the type II 
transmembrane serine proteases HAT, TMPRSS2, TMPRSS4, and matriptase localize to 
human airways and support influenza virus replication in vitro and/or in vivo. In TMPRSS2 
knockout mice, H1 virus replication is substantially reduced, whereas smaller effects were 
observed for H3 viruses. Knockout of TMPRSS4 did not affect the body weight loss or 
survival of mice infected with an H3N2 virus. However, H3N2 virus titers and symptoms of 
disease were substantially reduced in double knockout mice lacking TMPRSS2 and 
TMPRSS4. The kallikrein-related peptidases 1, 5, and 12 are expressed in the human 
respiratory tract. These three peptidases differ in their preferred cleavage sequence: KLK1 
cleaves H1, H2, and H3 HAs; KLKS preferentially cleaves H1 and H3 HAs, whereas KLK12 
cleaves H1 and H2 HAs most efficiently. Miniplasmin is a trypsin-type serine protease in the 
epithelial cells of the bronchia that cleaves HA downstream of the consensus motif Gln(Glu)- 
X-Arg. Cleavage of HA by plasmin can be augmented by the ability of the A/WSN/33 
(H1N1) NA protein to sequester its protease precursor, plasminogen. Bacterial proteases can 
also activate HA, either directly or indirectly by activating plasminogen, a property that may 
explain the development of pneumonia after mixed infections with viruses and bacteria. 


The second group of proteases that cleaves HA proteins comprises the ubiquitous 
intracellular subtilisin-related endoprotease furin and PC6. These enzymes are calcium- 
dependent, have an acidic pH optimum, and are located in the Golgi and/or trans-Golgi 
network. Two other ubiquitous type If membrane serine proteases (mosaic serine protease 
large [MSPL] form and transmembrane protease serine 13 [TMPRSS13]) have been 
identified that do not require calcium for enzymatic activity and support the replication of an 
H5/Gs/Gd virus in cell culture. The cleavage efficiency of these ubiquitous proteases is 
determined by the sequence at the cleavage site and absence or presence of a nearby 
carbohydrate chain on the HA molecule. The sequence required for the cleavage of HPAI HA 
is Q-R/K-X-R/K-R (X, nonbasic amino acid) in the absence of a nearby carbohydrate chain. 
The presence of a nearby carbohydrate chain requires insertion of two additional residues, Q- 
X-X-R-X-R/K-R, or alteration of the conserved glutamine at position 5 or the proline at 
position 6, B(X)-X(B)-R/K-X-R/K-R (B, basic residue). 


Introduction of multibasic HA cleavage sites into low pathogenic avian H6N1 or H9N2 
viruses creates highly pathogenic variants. However, this finding is not universally 
applicable, as the introduction of multibasic HA cleavage sites into low pathogenic H5N1 or 
H3N8 viruses or into a human H3N2 virus did not create highly pathogenic viruses. Thus, a 
multibasic HA cleavage site seems to be necessary, but not always sufficient, for high 
pathogenicity. 


Sialic Acid Receptors 


Influenza viruses bind to sialic acids, that is, negatively charged 9-carbon sugars that 
typically occupy the terminal positions of glycoproteins or glycolipids. N-Acetylneuraminic 
acid (NeuAc) and N-glycolylneuraminic acid (NeuGc) are prevalent in many animal species, 
but notably humans and ferrets lack the latter. Influenza viruses differ in their recognition of 


these two sialic acid species. Most sialic acids are linked to galactose (Gal) or N- 
acetylgalactosamine (GalNAc) by @2,3- or a2,6-linkages (Siaa2,3/6Gal, Siaa2,3/6GalNAc) 
or to N-acetylglucosamine (GlcNAc) by a@2,6-linkages (Siaa2,6GIcNAc). 


Sialic acid receptors in humans 


Early studies demonstrated that epithelial cells in the human trachea contain Siaa2,6Gal 
sialyloligosaccharides on their cell surface but lack those with @2,3-linkages.*? Consequently, 
viruses with Siaa2,6Gal specificity (i.e., human viruses, which preferentially bind to 
Siaa2,6Gal), but not those with Siaa2,3Gal specificity (i.e., avian viruses, which 
preferentially bind to Siaw2,3Gal), bind to the epithelial cells lining the human trachea.?° 
Data obtained with in vitro differentiated human epithelial cells from tracheal/bronchial 
tissues, as well as data obtained with “natural shotgun glycomics” (in which the glycans 
released from glycoproteins and glycolipids are separated by multidimensional HPLC to 
assess the natural sialylglycopolymers of the respective tissue), revealed a more detailed 
influenza virus receptor environment: Siaa2,6Gal oligosaccharides are dominant on epithelial 
cells in nasal mucosa, paranasal sinuses, pharynx, trachea, and bronchi. Siaa2,3Gal 
oligosaccharides (in addition to Siaw2,6Gal) are found on nonciliated cuboidal bronchiolar 
cells at the junction between the respiratory bronchiole and alveolus and on type 2 
pneumocytes lining the alveolar wall (Fig. 15.9).'*”'*8 Nonciliated epithelial cells express 
more Siaa2,6Gal oligosaccharides than do ciliated cells, which contain predominantly 
Siaa2,3Gal.°! Collectively, these findings offer an explanation for the severe pneumonia 
observed after infection of humans with some avian influenza viruses and suggest that the 
limited human-to-human transmission of H5/Gs/Gd viruses likely reflects the restrictive 
replicative efficiency of these viruses in the upper portion of the respiratory tract, where 
transmission could occur via droplets generated by coughing and sneezing. Moreover, avian 
influenza viruses may be trapped by mucins secreted by goblet cells in the nasal passage, 
which are rich in glycans containing Siaw2,3Gal. Conversion to preferential recognition of 
the human-type receptor is required for efficient human-to-human transmission, an 
assumption supported by the finding that the earliest isolates of pandemic viruses 
preferentially recognized Siaa2,6Gal, rather than Siaa2,3Gal, sialyloligosaccharides.?* One 
study found higher amounts of Siaq@2,3Gal in the respiratory tract of children compared with 
adults, a finding that may suggest higher susceptibility of children to infection with avian 
influenza viruses. Another study reported predominant expression of Sia@2,3Gal in epithelial 
cells of the human eye, which may explain the conjunctivitis associated with H7 influenza 
virus infections. 
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FIGURE 15.9 Expression of human virus (Siaa2,6Gal) and avian virus 
(Siaa2,3Gal) receptors in human respiratory tissue. The indicated tissues 
were tested with Sambucus nigra lectin (green), indicating the presence of sialic 
acid linked to galactose by an a2,6-linkage (Siaa2,6Gal), or with Maackia 
amurensis lectin (red), indicating the presence of Siaa2,3Gal. Cells were 
counterstained with DAPI (4,6-diamidino-2-phenylindole; blue). In the nasal 
mucosa, paranaSal sinuses, pharynx, trachea, and bronchus, Siaa2,6Gal 
dominated. In the bronchiole and alveolus, both Siaa2,6Gal and Siaa2,3Gal were 
detected. The letters a-g refer to the respective area of the human respiratory 
tract. (From Shinya K, Ebina M, Yamada S, et al. Avian flu: influenza virus 
receptors in the human airway. Nature 2006;440:435-—436, with permission.) 


Sialic acid receptors in other mammals 


Epithelial cells in pig trachea contain both Siaa2,3Gal and Siaa2,6Gal (with the latter 
predominating), which may explain why this species can be infected by both avian and 
human influenza viruses. Moreover, NeuGc is found in pigs (but not in humans). For mice, 
one study reported the expression of both types of receptors in the trachea, lung, and other 
organs, whereas another study did not detect human-type receptors in these animals. Ferrets 
express predominantly Siaa2,6Gal on cells of the upper respiratory tract. In the alveoli, both 


Siaa2,3Gal and Siaa2,6Gal were detected. In Syrian hamsters, the distribution of Siaa2,3Gal 
and Siaa2,6Gal is similar to that in humans with, for example, Siaw2,3Gal being expressed 
on type 2 pneumocytes in the lungs. The nasal tract and trachea of guinea pigs possess avian- 
type (Siaa2,3Gal) and human-type (Siaaw2,6Gal) receptors, whereas the lungs contain 
predominately avian-type receptors. Equine viruses preferentially bind to Siaa2,3Gal 
sialyloligosaccharides, which predominate in horse trachea. These studies also demonstrated 
that epithelial cells in horse trachea express NeuGc in addition to NeuAc and that influenza 
viruses isolated from horses bind to oligosaccharides possessing NeuGc. Siaa2,3Gal is also 
found on epithelial cells in the respiratory tract of dogs and in the lungs of seals and whales. 


Sialic acid receptors in avian species 


The epithelial cells of duck intestine (where avian influenza viruses replicate) express 
predominantly Siaa2,3Gal,°’ although Siaw2,6Gal has also been detected. Likewise, both 
Siaa2,3Gal and Siaa2,6Gal have been detected in the respiratory tract of ducks, although 
Siaa2,3Gal predominates. The duck intestinal tract also possesses NeuGc, which appears to 
be absent in chickens. In the respiratory and intestinal tract of chickens, Siaw2,6Gal and 
Siaa2,3Gal are expressed. Similarly, both Siaaw2,3Gal and Siaa2,6Gal are expressed on 
tracheal and intestinal cells of quail, turkey, pheasant, and guinea fowl, that is, species that 
may play a role in the adaptation of avian influenza viruses to mammalian species (see Role 
of Terrestrial Poultry in the Emergence of New Influenza Viruses section). However, 
differences exist among poultry species in the relative abundances of influenza virus 
receptors in the different organs and cell types tested. Substantial amounts of Siaa2,6Gal 
were detected in the respiratory tract of pigeons, which are not known to play a significant 
role in influenza virus ecology. 


Receptor Specificity of Influenza Viruses 


The specificity of HA for the different sialyloligosaccharides is responsible for the host-range 
restriction of influenza virus. Human and classical H1N1 swine influenza viruses bind 
preferentially to Siaa2,6Gal, whereas most avian and equine viruses have higher affinity for 
Siaa2,3Gal_.1939,92,120 


Receptor specificity is determined by the amino acids that surround the receptor-binding 
site. For H2 and H3 HAs, glutamine at position 226 and glycine at position 228 (H3 
numbering; found in avian viruses) determine the specificity for Siaa2,3Gal oligosaccharides, 
whereas leucine and serine at these positions (found in human viruses) confer Siaa2,6Gal 
specificity!?,9*-!20!44 (Fig. 15.10). For H1 viruses, aspartate at positions 190 and 225 (H3 
numbering; found in human viruses) confers binding to Siaa2,6Gal, whereas aspartate and 
glycine at these positions (found in swine viruses) allow binding to both a@2,6 and a2,3 
linkages; glutamate and glycine at positions 190 and 225 (found in avian viruses) are 
responsible for the interaction with a2,3-linked sialic acids.°°’*°*-!54 In addition to these key 
residues, the amino acids at several other positions also affect receptor-binding properties. X- 
ray crystallographic structures of HA proteins in complex with receptor analogs are available 


for human H1 to H3 HAs, avian H1 to H3 and H5 HAs, swine H1 and H9 HAs, H7 HA, and 
an avian H10 HA isolated from a person infected with an H10N8 virus; these structures 
provide detailed insights into the role of individual HA amino acids in receptor binding. 
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FIGURE 15.10 Structural models of HA-glycan receptor complexes. A: 
Interaction of avian H2 HA receptor—binding site (magenta) with avian-type 
receptor (green). B: Interaction of human H2 HA receptor-binding site (gray) 
with human-type receptor (orange). (From Viswanathan K, Koh X, 
Chandrasekaran A, et al. Determinants of glycan receptor specificity of H2N2 
influenza A virus hemagglutinin. PLoS One 2010;5:e13768, with permission. ) 


With the use of synthetic sialylglycopolymers and glycan arrays that allow the 
simultaneous testing of hundreds of carbohydrates and glycoproteins, a more complex picture 
of influenza viral receptor specificities has emerged. These studies have been complemented 
by approaches to catalogue the sialylglycopolymers in the lungs and/or respiratory organs of 


pigs and humans, including surface plasmon resonance, mass spectrometry, and natural 
shotgun glycomics. Collectively, these studies revealed that binding of influenza viruses to 
their receptors is not only determined by the linkage between the sialic acid and the 
penultimate sugar residue (a@2,3 vs. a2,6) but also by the nature of the penultimate sugar (Gal, 
GalNAc, or GlcNAc), the length of the carbohydrate chain, and the inner core of the 
carbohydrate (such as the linkage between the second and third sugar residue, modifications 
such as sulfation, or other sugar residues such as fucose). Noteworthy differences exist 
between human and avian influenza viruses and among avian viruses. For example, viruses 
isolated from ducks, chickens, and gulls differ in their preference for the inner core structure 
of the receptor. Avian influenza viruses favor NeuAca2,3 attached to shorter carbohydrate 
chains over the same sialic acid attached to a longer chain; by contrast, human-adapted H1 
and H3 influenza viruses bind to a@2,6 linkages preferentially in the context of long 
oligosaccharides. Avian virus HAs bind to their receptors in a narrow cone-like topology, 
whereas human virus HAs bind in a more flexible umbrella-like topology. Moreover, bi- and 
multiantennary glycans are bound by some viruses, most likely by two HA molecules within 
the trimer, which could increase the binding avidity. As a consequence of the steric 
differences between Siaaw2,3Gal and Siaa2,6Gal linkages, biantennary binding is only 
possible with Siaa2,6Gal, and not with Siaa2,3Gal.° It has been speculated that biantennary 
binding could offset the reduced avidity of recent H3N2 viruses to Siaa2,6, resulting from 
antigenic drift mutations near the receptor-binding site, which have weakened the interaction 
between the virus and the cellular receptor. 


Receptor specificity of avian influenza viruses 


H5/Gs/Gd viruses bind efficiently to Siaa2,3Gal. Experimentally introduced mutations at 
position 190 or 225 (H3 numbering) that change the receptor-binding specificity of H1 HAs 
do not confer H5SN1 virus binding to Siaa2,6Gal; however, the introduction of human-type 
amino acids at positions 226 and 228 (H3 numbering) increase binding to Siaa2,6Gal while 
retaining substantial binding to Siaa2,3Gal.'°° The combination of the HA-Q226L and HA- 
G228S mutations with mutations detected in wild-type H5N1 viruses (such as HA-N186K or 
HA-S227N) results in even stronger binding to human-type receptors. 


H5/Gs/Gd viruses isolated from infected individuals typically retain specificity for 
Siaa2,3Gal. However, several H5/Gs/Gd viruses have been isolated that recognize 
Siaa2,6Gal and Siaaw2,3Gal. This change in binding properties can be linked to several 
specific amino acid changes in HA. 


All three ferret-transmissible H5 viruses described to date possess amino acid changes in 
HA that confer binding to Siaa2,6Gal. The experimentally introduced or in vitro selected sets 
of mutations differed (HA-N224K/HA-Q226L°°; HA-Q226L/HA-G228S°7; HA-Q196R/HA- 
Q226L/HA-G228S!"; all H3 numbering) but shared the HA-Q226L mutation, which 
increases Siaa2,6Gal binding for the HAs of other subtypes. Collectively, these findings 
indicate that the amino acid at position 226 of HA plays an important role in HA receptor— 
binding specificity. 


Most of the H7N9 influenza viruses that emerged in China in 2013 encode the HA- 
Q226L (H3 numbering) mutation that increases binding to Siaa2,6Gal; however, these 
viruses retained their ability to interact with Siaw2,3Gal. One of the human H7N9 virus 
isolates, A/Anhui/1/2013, was extensively tested for its receptor-binding specificity and 
found to bind to biantennary sialic acids (see above). Typically, the H7N9 viruses that 
emerged in China in 2013 bind to cells in the upper and lower respiratory tract of humans and 
to type 1 and 2 pneumocytes. Three mutations in an H7N9 virus—derived HA (HA-V186K/G, 
HA-K193T, and HA-G2288; all H3 numbering) switched the receptor-binding specificity 
from Siaa2,3Gal to Siaa2,6Gal, resulting in a receptor-binding profile very similar to that of 
the prototype H1N1pdm09 virus, A/California/04/2009. 


Poultry HON2 viruses isolated in China in 1999 possessed mutations at positions 190 and 
226 (H3 numbering) that conferred binding to Siaa2,6Gal. Several low pathogenic H7 
viruses isolated from avian species and humans in the United States in 2002 to 2003 and in 
Canada in 2004 showed increased binding to Siaa2,6Gal, although they retained their ability 
to bind to avian-type receptors. In contrast, two highly pathogenic H7N7 viruses isolated 
from humans during the poultry outbreak in The Netherlands in 2003 bound to Siaa2,3Gal. 


Receptor specificity of human influenza viruses 


The HA proteins of the pandemic 1918, 1957, and 1968 viruses originated from avian 
influenza viruses; nonetheless, the earliest available human isolates of these pandemic 
viruses already possessed Siaa2,6Gal receptor-binding specificity,!94!°7 indicative of strong 
selective pressure. However, early pandemic H3N2 viruses differ from more recent isolates 
in their amino acid sequence and their binding affinity for nonciliated cells. 


For the pandemic 1918 virus, two variants have been identified that differ at amino acids 
190 and 225 (H3 numbering): A/South Carolina/1/18 (possessing aspartate at positions 190 
and 225, as is typically found in human influenza viruses) binds to Siaa2,6Gal and transmits 
efficiently among ferrets, whereas A/New York/1/18 (possessing aspartate at position 190 but 
glycine at position 225) binds to both Siaa2,6Gal and Siaa2,3Gal and transmits with reduced 
efficiency compared with A/South Carolina/1/18.*'“4 Replacement of aspartate at positions 
190 and 225 with the avian-like amino acids at these position—that is, glutamate and glycine 
—abolishes binding to Siaa2,6Gal and transmission in ferrets.‘“4 The x-ray crystallographic 
structure of a 1918 HA protein in complex with receptor analogs demonstrates how this 
overall avian-like protein interacts with human-type receptors.°° 


The A(H1N1)pdm09 viruses possess aspartate at positions 190 and 225 (H3 numbering) 
and bind efficiently to Siaa2,6Gal,°* although one study reported dual recognition of both 
Siaa2,6Gal and Siaa2,3Gal. Molecular dynamic simulations of the H1 proteins of the 1918 
pandemic virus, a swine virus from 1930, a seasonal human H1N1 virus from 2005, and the 
A(H1N1)pdm09 virus showed that lysine at position 145 and glutamate at position 227 (H3 
numbering; found in the A(H1N1)pdm09 virus) increased the binding affinity for a human- 
type receptor and that aspartate 225 increased the number of hydrogen-bonding interactions 
compared with glycine at this position. An aspartate-to-glycine change at position 225 (H3 


numbering) has been found in some A(H1N1)pdm09 viruses and appears to correlate with 
more severe disease outcomes in humans.°? Few transmission events have been reported for 
this variant, suggesting that it does not transmit efficiently among humans. The aspartate-to- 
glycine change at position 225 arises during passage in eggs or adaptation to mice and 
increases virulence in mice. Experimental infection of pigs with a mixed population of 
viruses encoding glycine or glutamate at position 225 resulted in the selection of glutamate in 
viruses isolated from nasal secretions but glycine in viruses isolated from the lower 
respiratory tract. 


As stated above, the receptor-binding specificity of human H2N2 and H3N2 viruses is 
determined by the amino acid residues at positions HA-226 and HA-228, with HA- 
226Q/HA-228G conferring avian-type binding specificity, and HA-226L/HA-228S 
conferring human-type binding specificity (all H3 numbering). Glycan arrays in combination 
with x-ray crystallographic structures of 1957 pandemic H2 HA highlighted the significance 
of position 226 for H2 HA receptor-binding specificity. This was further supported by the 
finding that A/El Salvador/2/57, which possesses glutamine and glycine at positions 226 and 
228, respectively, preferentially binds avian-type receptors and transmits poorly among 
ferrets, whereas A/Albany/6/58, which possesses leucine and serine at position 226 and 228, 
respectively, recognizes human- and avian-type receptors and transmits efficiently in ferrets. 
Moreover, a mutational study demonstrated a critical role for the amino acids at positions 226 
and 228 in converting an avian H2N2 virus into one that binds human-type receptors. The 
amino acids at positions 137 and 193 also contributed to receptor-binding specificity. 


Human H3N2 viruses encode HA-226L/HA-228S, which confer binding to Siaa2,6Gal. 
Viruses isolated in the 2000s have reduced affinity for both human- and avian-type receptors, 
which may be a consequence of an HA-L226V mutation, followed a few years later by the 
HA-V226I mutation. Thus, the currently circulating human H3N2 viruses encode an 
isoleucine at position HA-226. In addition, mutations have occurred at the surrounding 
residues (i.e., positions 222, 225, and 193), and crystal structures demonstrated that these 
amino acid changes affect the interaction between HA and the receptor. The changes in 
receptor-binding affinity are paralleled by altered binding patterns to red blood cells: 
essentially, human H3N2 viruses first lost their ability to agglutinate chicken red blood cells, 
followed by a loss of agglutination of turkey red blood cells. Recent human H3N2 viruses do 
not efficiently agglutinate any of the red blood cell species routinely used for 
hemagglutination assays, greatly affecting the characterization of these viruses. 
Concomitantly, human H3N2 viruses lost their ability to replicate efficiently in embryonated 
chicken eggs, followed by a loss of efficient replication in commonly used MDCK cells. 
Recent human H3N2 viruses are now typically propagated in MDCK cells that have been 
modified to overexpress human-type receptors (see Virus Propagation section). 


Glycosylation 


Influenza virulence and host range are also affected by the number and location of 
oligosaccharide side chains, which are not conserved among strains or subtypes. HAs 
typically contain 5 to 11 glycosylation sites that affect receptor-binding affinity and/or 


specificity, antigenicity, innate immune responses, replication, fusion activity, virulence, and 
host range. For H1IN1 and H3N2 viruses, the numbers of N-glycosylation sites have 
increased since they were introduced into human populations, most likely to shield the HA 
from antibodies. Also, H5 and H7 viruses isolated from terrestrial birds have more HA 
glycosylation sites than viruses isolated from wild birds. Two of the H5 viruses that acquired 
respiratory droplet transmissibility in ferrets lost the glycosylation site at HA-158 to HA-160 
(H3 numbering) during passages in ferrets°*°°; the third ferret-transmissible H5 virus 
naturally lacks this glycosylation site. The lack of HA-158 to HA-160 glycosylation affected 
the receptor-binding specificity and was critical for respiratory transmissibility in ferrets. The 
H7N9 viruses that emerged in China in 2013 naturally lack the glycosylation site at HA-158 
to HA-160. HA glycosylation may also hamper the development of broadly protective 
influenza vaccines that elicit antibodies to conserved regions in the HA stalk. Several broadly 
reactive antibodies react with influenza viruses of group A, but not with viruses of group B, 
perhaps because of N-linked glycosylation at HA-38N in Group 2 HAs. 


The NA protein is also glycosylated, but the number of glycosylation sites on human N1 
and N2 NAs has remained relatively stable. For efficient virus replication, a functional 
balance between HA and NA is critical. 


Role of Terrestrial Poultry in the Emergence of New Influenza 
Viruses 


Terrestrial poultry, such as chickens and quail, are susceptible to infection with influenza 
viruses. Most influenza viruses circulating in wild birds are asymptomatic in poultry, but 
their continued circulation among terrestrial poultry can lead to viruses with increased 
virulence in these birds. 


Adaptation of waterfowl viruses in terrestrial poultry may lead to the emergence of 
viruses that are better able to replicate in humans or pigs than their original counterparts due 
to altered receptor specificity. Support for this hypothesis comes from the finding that viruses 
isolated from terrestrial poultry resemble human viruses in their low affinity for Siaa2,3Gal 
relative to viruses isolated from wild birds. In addition, many of the H9N2 and H7N9 viruses 
isolated from terrestrial poultry bind to human-type receptors to some extent. The H5N1 
viruses isolated from terrestrial poultry may possess an additional glycosylation site in HA 
that reduces the affinity for the receptor and a deletion in the NA stalk that reduces NA 
functionality and balances the functions of the HA and NA proteins. The presence of 
additional glycosylation sites and a deletion in the NA stalk are typical for human viruses and 
have also been found in different virus subtypes isolated from terrestrial poultry. Collectively, 
these data suggest that waterfowl viruses acquire certain mutations in terrestrial poultry, such 
as NA stalk deletions and additional HA glycosylation sites that may facilitate their 
transmission to humans or other mammals such as pigs. 


Host Cell—Mediated Selection of Antigenic Variants 


Historically, human influenza viruses have been isolated by virus amplification in the 
allantoic cavity of embryonated chicken eggs or by inoculation of samples into the amniotic 
cavity, followed by amplification in the allantoic cavity. In 1942, Burnet and Clarke first 
described “O” (original) and “D” (derived) variants that differed in their ability to agglutinate 
human or guinea pig erythrocytes after passage in eggs. The mutations acquired during egg 
passages typically cluster around the receptor-binding pocket of HA, resulting in reduced 
binding to Siaa2,6 and increased binding to Siaa2,3. This change in receptor-binding 
specificity likely reflects adaptation to the selective pressure in eggs with allantoic cells 
expressing Siaa2,3. 

Subsequent studies established that the egg-adapting mutations in HA may also affect the 
antigenicity of viruses.!** In fact, the low vaccine effectiveness of some H3N2 influenza 
vaccines has been linked to egg-adapting changes in HA. This is supported by findings that 
some vaccine recipients possess higher antibody titers to egg-adapted vaccine strains than to 
the circulating wild-type virus. Most influenza vaccine viruses are currently propagated in 
embryonated chicken eggs, requiring close monitoring of the potential antigenic effects of 
egg-adapting mutations in HA. Cell culture—based influenza vaccines are now available in 
several countries. Influenza virus amplification in these cell lines does not result in HA 
mutations that alter antigenicity; influenza vaccine production in cell culture may, therefore, 
be preferable to virus amplification in embryonated chicken eggs. 


The NS1 Protein 


The NS1 protein functions as an IFN antagonist that allows efficient virus replication in IFN- 
competent hosts,°° in addition to having roles in the splicing and nuclear export of viral 
mRNAs and the enhancement of viral mRNA translation. NS1 interferes with type I IFN 
(IFN-a, IFN-f) synthesis and with the activation of IFN-induced antiviral factors. These 
functions are described in the Innate Immune Responses section. 


The Replication Complex 


The influenza viral replication complex comprises the three polymerase proteins—PB2, PB1, 
and PA—and the nucleoprotein NP (for a more detailed description of the functions of these 
proteins, see Chapter 14). The PB2 protein recognizes and binds to type I cap structures of 
cellular mRNAs. It has emerged as an important determinant of virulence and host-range 
restriction. Early studies suggested that the PB2 segment, in particular the amino acid at 
position 627, was involved in host-range restriction.'°’ The significance of this finding in the 
context of interspecies transmission was not recognized, however, until 2001, when a 
substitution at position 627 of PB2 from glutamic acid (found in most avian isolates) to 
lysine (found in most human isolates with the exception of the A(H1N1)pdm09 viruses; see 
below) was shown to enhance the pathogenicity of an H5/Gs/Gd virus in mice.*® 


Multiple lines of evidence now suggest that PB2-627K is a major determinant of 
pathogenicity in mammals: (a) PB2-627K leads to increased virulence of H5/Gs/Gd 


viruses*®; (b) PB2-627K is critical for the respiratory droplet transmissibility of recombinant 
H5/Gs/Gd viruses in ferrets?*®°; (c) PB2-627K is selected during the replication of avian 
H5/Gs/Gd, avian H7N9, and avian H7N7 viruses in humans; (d) H5/Gs/Gd viruses with PB2- 
627K have been isolated from mammalian species including tigers and cats; (e) viruses 
possessing PB2-627K were isolated after the adaptation of avian influenza viruses to mice, 
including HPAI H5, H7N7, and H9ON2 viruses, and after virus replication in pigs; (f) PB2- 
627K has been found in viruses isolated from chickens and quail, suggesting that PB2-627K 
selection can occur in some avian species, which may facilitate the adaptation of avian 
influenza viruses to mammals (see Role of Terrestrial Poultry in the Emergence of New 
Influenza Viruses section); and (g) PB2-627K increases replicative ability in mammalian 
cells, particularly at the lower temperatures of the upper respiratory tract. Collectively, these 
findings suggest that PB2-627K provides a replicative advantage in mammals and is hence 
selected in these species. In particular, PB2-627K may facilitate PB2 adaptation to the 
mammalian form of ANP32A (acidic nuclear phosphoprotein 32 kDa); the differences 
between mammalian and avian ANP32A proteins were recently identified as a major host 
restriction factor of influenza viruses.°° However, PB2-627K also emerged in H5/Gs/Gd 
viruses isolated from wild waterfowl at Qinghai Lake in 2005!*® (see Infections of Humans 
with HS Viruses of the A/goose/Guangdong/1/1996 Lineage) and is maintained in 
descendants of the Qinghai Lake viruses to this day. 


Considering the significance of PB2-627K for influenza virus replication in humans, the 
finding of PB2-627E (i.e., the avian-type amino acid) in A(H1N1)pdm09 viruses was 
unexpected; however, the lack of PB2-627K is compensated for by a basic amino acid at 
position 591.°° In fact, PB2-627K does not provide a replicative advantage in the background 
of A(H1N1)pdm09 viruses. Structural analyses demonstrated that positions 591 and 627 are 
in close proximity and that a basic amino acid at position 591 alters both the shape and 
charges on the surface of the protein, which may affect the interaction of PB2 with other host 
and/or viral factors. 


A second amino acid in PB2—at position 701—was first identified as a virulence factor 
of H5/Gs/Gd viruses in mice’’ and is now known to facilitate viral adaptation to mammalian 
species. Replacement of aspartic acid (found in most avian influenza viruses) with asparagine 
at residue 701 enhances the binding of PB2 to the cellular nuclear import factor importin a 
and facilitates PB2 nuclear import and replicative ability in mammalian cells.°* This amino 
acid change was found upon adaptation of an avian H7N7 virus to mice; it also proved to be 
critical for virus transmission in guinea pigs. Like PB2-627K, PB2-701N is selected during 
the replication of H5/Gs/Gd and H7N9 viruses in humans but does not provide a replicative 
advantage to A(H1N1)pdm09 viruses. 


Replacement of the avian-type threonine residue at position 271 of PB2 with alanine (.e., 
the residue typically found in human influenza viruses) increases virus replication in 
mammalian cells and mice. The PB2 protein of the A(H1N1)pdm09 virus (which is of avian 
virus origin) encodes alanine at position 271, suggestive of mammalian adaptation. Another 
study found that the combination of three amino acid changes in PB2 (1147T/K339T/A588T) 


increased the replicative ability of a H5/Gs/Gd virus in mammalian cells and its virulence in 
mice to a level comparable to that of H5/Gs/Gd viruses encoding 627K. The percentage of 
H5/Gs/Gd viruses encoding the 147T/339T/588T residues in PB2 increased substantially 
between 2009 and 2012, and many of the circulating H5/Gs/Gd viruses now encode these 
residues. The residue at position 588 of PB2 has also been implicated in the mammalian 
adaptation of H7N9, HON2, and H10N8 viruses. 


The PB1 protein possesses conserved motifs found in all RNA-dependent RNA 
polymerases and is considered critical for the polymerase enzymatic function. In a 
minireplicon system, reporter gene expression was more efficient with avian than with 
human virus PB1 protein. Avian virus PB1 protein may therefore provide a replicative 
advantage over its human counterpart, an attractive hypothesis since both the 1957 and 1968 
pandemic strains contained avian PB1 vRNA segments (in combination with avian HA or HA 
and NA genes). Moreover, in reassortment studies between H5/Gs/Gd and human H3N2 
viruses, one of the most pathogenic reassortants possessed the avian PB1 vRNA segment. 
Reassortment studies also demonstrated a critical role for the pandemic 1918 PB1 vRNA 
segment in virulence in animal models. Studies with a recombinant H5N1 virus that acquired 
respiratory droplet transmissibility in ferrets (see Virulence and Transmissibility of H5 
Viruses of the A/goose/Guangdong/1/1996 Lineage section) identified an H99Y mutation in 
PB1, which emerged during virus passages in ferrets; this mutation increased the viral 
polymerase activity and was essential for respiratory droplet transmissibility in ferrets. 


The PA protein is an integral part of the influenza viral replication complex with a role in 
the cap-snatching process. Recent studies now also suggest a role for PA in the host 
adaptation of avian influenza viruses in mammals. For example, replacement of an avian 
virus PA vRNA segment with a human virus PA vRNA segment increased viral polymerase 
activity and mouse pathogenicity; a single mutation of T552S in PA was responsible for this 
effect. In another example, the PA vRNA segment of a A(H1N1)pdm09 virus conferred 
respiratory droplet transmissibility in guinea pigs to an H5N1 virus that otherwise lacked this 
ability. 


In addition to the polymerase genes, the NP gene plays a role in host-range restriction? 
(see Mx Proteins section). 


A large body of information has thus demonstrated that the composition of the replication 
complex affects viral pathogenicity. As a general trend, more efficient replication in 
minireplicon assays translates into increased pathogenicity in animal models. 


The PB1-F2 Protein 


PB1-F2 is a short protein of 87 to 90 amino acids that was discovered in 2001." It is 
expressed from the +1 reading frame of the PB1 gene of most avian and human influenza 
viruses; however, human H1N1 viruses isolated after 1950 encode a truncated version of 57 
amino acids. Most swine virus isolates (particularly classical H1N1 swine influenza viruses) 
do not encode a functional PB1-F2 peptide, due to several in-frame stop codons. These stop 
codons are also found in the reading frames of A(H1N1)pdm09 virus PB1-F2s, which likely 


originated from pigs; therefore, A(H1N1)pdm09 viruses do not encode a functional PB1-F2 
protein. Reconstitution of full-length PB1-F2 expression in the background of 
A(H1N1)pdm09 viruses had only minor effects on replicative ability and virulence in mice 
and ferrets, suggesting that PB1-F2 is not critical for the pathogenicity of ACH1N1)pdm09 
viruses. The role of PB1-F2 in viral pathogenicity is discussed in more detail in the Innate 
Immune Responses section. 


The NA Protein 


As stated earlier, the structure and function of NA are discussed in more detail in Chapter 15. 
The sialidase activity of the NA protein removes sialic acid from sialyloligosaccharides, 
thereby serving two functions: (1) the removal of sialic acid from HA, NA, and the cell 
surface, facilitating virus release, and (2) the removal of sialic acid from the mucin layer, 
which likely allows the virus to reach the surface of the epithelial cells. The NA protein also 
has a role in host-range restriction and pathogenicity. Multiple studies now indicate that the 
length of the NA stalk affects pathogenicity; in particular, deletions in the NA stalk have been 
observed after virus replication in eggs and in poultry. 


Notably, the NA activity of some avian viruses is more resistant to the low pH of the 
upper digestive tract than that of human- or swine-derived NA, a feature that may contribute 
to host-range restriction. Interestingly, low pH stability has also been reported for the NA 
protein of the pandemic 1918 virus. The NA protein of A/WSN/33 (H1N1) virus is critical 
for plaque formation in Madin-Darby bovine kidney cells and for neurovirulence; these two 
phenotypes are linked to the loss of a carbohydrate chain on NA and the presence of a C- 
terminal lysine residue. The lack of the carbohydrate chain at position 146 of NA (N2 
numbering) allows the NA protein to bind to and sequester plasminogen, a plasmin precursor. 
This function facilitates HA cleavage and, thereby, virus pathogenicity in mice. 


Like HA, the NA protein shows preference for certain types of sialyloligosaccharides 
according to the host species. Avian virus NAs cleave a2,3-linked, but not @2,6-linked, sialic 
acids. After their introduction into the human population, N2 NAs acquired the ability to 
cleave a@2,6-linked sialic acids in addition to a2,3-linked sialic acids; however, the enzymatic 
activity for a@2,6-linked sialic acids is significantly lower than that for a2,3-linked sialic 
acids. This acquired ability likely represents adaptation to the respective recognition pattern 
of the HA protein. NA substrate specificity is determined by the amino acid at position 275. 
Some NA proteins also have receptor-binding properties, a function encoded by amino acids 
outside the enzymatic site. 


Although not directly related to host-range restriction and pathogenesis, the NA protein 
has recently (re)gained increased attention as a viral antigen. When administered as purified 
protein, NA is as immunogenic as HA. However, upon natural infection, antibody responses 
to NA are typically weaker than those elicited by HA, most likely because of the larger 
amount of HA protein compared with NA protein on the virion surface. Current vaccine 
preparations do not possess standardized amounts of NA and elicit low levels of antibodies to 
NA; current live attenuated vaccines in particular do not elicit substantial amounts of 


antibodies to NA. However, the addition of recombinant NA protein to vaccine preparations 
increased the antibody titers to NA. Higher titers of NA-inhibiting antibodies correlate with 
higher vaccine effectiveness and reduced disease severity. In addition, NA antibodies can 
confer intrasubtypic protection. It is now generally accepted that HA- and NA-specific 
antibodies are independent correlates of protection against influenza. 


CLINICAL FEATURES AND PATHOGENESIS IN 
HUMANS 


Pattern of Virus Shedding 


Human influenza viruses replicate almost exclusively in superficial cells of the respiratory 
tract and are released from the apical surface of the cell, facilitating respiratory transmission. 
Alveolar macrophages and dendritic cells can also be infected and serve as antigen 
presenting cells for recognition by the adaptive immune system. Influenza virus replicates 
throughout the respiratory tract, with virus being recoverable from the upper and lower tracts 
of people naturally or experimentally infected with virus. As discussed earlier, the site of 
optimal growth in the respiratory tract for influenza viruses is in part determined by the 
distribution of the Siaa2,3Gal or Siaaw2,6Gal sialic acid receptors. 


A representative example of the pattern of virus shedding and cytokine responses of 
healthy adults experimentally infected by intranasal inoculation with influenza virus is shown 
in Figure 15.11.°° The patterns of virus shedding in naturally infected individuals have not 
been measured as precisely but follow the same general pattern. Virus is first detected just 
before the onset of illness (within 24 hours), rapidly rises to a peak of 3.0 to 7.0 log, tissue 


culture infectious doses 50 (TCID<,)/mL of nasal wash, remains elevated for 24 to 48 hours, 


and then rapidly decreases to low titers. Usually, virus is no longer detectable after 5 to 10 
days of virus shedding. However, because of the relative lack of immunity in the young, 
more prolonged shedding of higher titers of virus is seen in children. Children also appear to 
exhibit heterogeneous shedding, with the top 20% of shedders estimated to represent 90% of 
infectiousness. In children, virus can be found for up to 13 days after the onset of symptoms. 
The higher titers and more prolonged shedding in children contribute to the important role of 
this population in the spread of influenza. While virus is typically confined to the respiratory 
tract, genome can be detected by PCR in peripheral blood in immunocompromised patients 
and may be a marker for more severe outcomes. 


A Clinical and virologic response B_ Nasal cytokine response 
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FIGURE 15.11 Time course of virus shedding, symptoms, and cytokine 
responses of healthy seronegative adults after experimental nasal 
inoculation with wild-type A/Texas/36/91 virus. A: Level of virus recovered 
from nasal wash, clinical symptom scores, and nasal mucus weights. B: Nasal 
cytokine levels measured by enzyme-linked immunosorbent assay (ELISA). In 
both graphs, multiple measurements have been combined for illustration, so that 
the y-axes are relative values only. (Data from Hayden FG, Fritz R, Lobo MC, et 
al. Local and systemic cytokine responses during experimental human influenza 
A virus infection. Relation to symptom formation and host defense. J Clin Invest 
1998;101:643-649, with permission.) 


Pathology and Pathophysiology 


Influenza A virus induces changes throughout the respiratory tract, but the most clinically 
important pathology develops in the lower respiratory tract. Bronchoscopy of individuals 
with typical, uncomplicated acute influenza has revealed diffuse inflammation of the larynx, 
trachea, and bronchi, with mucosal injection and edema. Biopsy in these cases has revealed a 
range of histologic findings, from vacuolization of columnar cells with cell loss to extensive 
desquamation of the ciliated columnar epithelium down to the basal layer of cells. Individual 
cells show shrinkage, pyknotic nuclei, and a loss of cilia. Viral antigen can be demonstrated 
in epithelial cells. Generally, the tissue response becomes more prominent as one moves 
distally in the airway. Epithelial damage is accompanied by cellular infiltrates primarily 


composed of lymphocytes and histiocytes. In more severe primary viral pneumonia, there is 
an interstitial pneumonitis with marked hyperemia and broadening of the alveolar walls, with 
a predominantly mononuclear leukocyte infiltration and capillary dilation and thrombosis. 
Influenza virus-specific antigen is present in type 1 and 2 alveolar epithelial cells, as well as 
in intra-alveolar macrophages!~° (Fig. 15.4). 


Influenza infection causes the release of potent cytokines, such as type I interferons, 
tumor necrosis factor, and interleukins (ILs), by infected cells and responding lymphocytes. 
In fact, it has been suggested that an overly vigorous cytokine response to infection may 
contribute to the high fatality rate seen with HSN1 influenza?! (see Human Infections with 
HS Viruses of the A/goose/Guangdong/1/1996 Lineage section), sometimes referred to as a 
cytokine storm. On the other hand, defects in the cytokine response may increase the risk of 
severe influenza. Single nucleotide polymorphisms (SNPs) in the gene for interferon- 
inducible transmembrane 3 (IFITM3) have been associated with cytokine dysfunction and 
increased severity of seasonal influenza (see Effect of Host Genetics on Susceptibility to 
Infection and Disease Outcome section). Similar SNPs have also been identified as 
associated with increased severity of human H7N9. Carriers of the risk allele were shown to 
have decreased levels of CD8+ T cells in their airways during influenza infection, suggesting 
a critical function of this protein may be to promote immune cell persistence at mucosal 
sites.! Interferon deficiency related to mutations in IRF7 has also been contributory to severe 
influenza in a human child. Mutations in TLR3 and CD55 have also been associated with 
influenza hospitalizations or death. 


Therapies designed to reduce the cytokine response have been beneficial in severe 
influenza in animal models, although this has not been tested rigorously in humans. However, 
a recent meta-analysis suggests that steroid therapy of severe influenza in humans is 
associated with increased mortality.!'!? Commonly used statins also have anti-inflammatory 
properties, and an observational study has suggested that use prior or during hospitalization 
may be associated with decreased mortality. Because these drugs are very common, it has 
been suggested they may be useful in a pandemic response. 


Clinical Features 


Typical uncomplicated influenza often begins with an abrupt onset of symptoms after an 
incubation period of 1 to 2 days. The typical uncomplicated influenza syndrome is a 
tracheobronchitis with some involvement of small airways. The incubation period ranges 
from 1 to 5 days. The onset of illness is usually abrupt, with headache, chills, and dry cough, 
which are rapidly followed by high fever, myalgias, malaise, and anorexia, and many patients 
can pinpoint the hour of onset. The predominance of systemic symptoms is a major feature 
distinguishing influenza from other viral upper respiratory infections. Substernal tightness 
and soreness can accompany the cough. Fever is the most important physical finding. The 
temperature usually rises rapidly, concurrent with the development of systemic symptoms. 
Fever is usually continuous but may be intermittent. Typically, the duration of fever is 3 days, 
but it may last 4 to 8 days. 


Physical findings in influenza are focused on the respiratory tract. Nasal obstruction, 
rhinorrhea, sneezing, and pharyngeal inflammation without exudate are common. 
Conjunctival inflammation and excessive tearing may occur. Small cervical nodes can be felt 
in a minority of cases. Chest radiograph and auscultatory findings are usually normal, 
although occasionally patchy rales and rhonchi are heard. 


At the extremes of age, there are prominent differences in clinical presentation of 
influenza. Maximal temperatures tend to be higher among children, and cervical adenopathy 
is more frequent among children than among adults. Croup associated with influenza virus 
infection occurs only among children. Otitis media, croup, pneumonia, and myositis are also 
more frequent in children than in adults. Among older adults, fever remains a very frequent 
finding, although the height of the febrile response may be lower than among children and 
young adults. Pulmonary complications are far more frequent in older adults than in any 
other age group. 


Lower Respiratory Tract Complications 


Abnormalities of pulmonary function are frequently demonstrated in otherwise healthy, 
nonasthmatic young adults with uncomplicated (nonpneumonic) acute influenza. 
Demonstrated defects include diminished forced flow rates, increased total pulmonary 
resistance, and decreased density-dependent forced flow rates consistent with generalized 
increased resistance in airways less than 2 mm in diameter, as well as increased responses to 
bronchoprovocation. In addition, abnormalities of carbon monoxide diffusing capacity and 
increases in the alveolar—arterial oxygen gradient have been seen. Of note, pulmonary 
function defects can persist for weeks after clinical recovery. Individuals with acute influenza 
may be more susceptible to bronchoconstriction from air pollutants such as nitrates. 


Primary Viral Pneumonia 


The syndrome of primary influenza viral pneumonia was first well documented in the H2N2 
pandemic of 1957 to 1958. However, many of the deaths of young healthy adults in the 1918 
to 1919 outbreak may have been were the result of this syndrome. In outbreaks since 1918, 
primary influenza viral pneumonia has occurred predominantly among persons with 
cardiovascular disease, especially rheumatic heart disease with mitral stenosis,°© and to a 
lesser extent in others with chronic cardiovascular and pulmonary disorders and in 
pregnancy. The illness begins with a typical onset of influenza, followed by a rapid 
progression of fever, cough, dyspnea, and cyanosis. Physical examination and chest 
radiographs reveal bilateral findings consistent with the adult respiratory disease syndrome 
but no consolidation. Blood gas studies show marked hypoxia, gram stain of the sputum fails 
to reveal significant bacteria, and bacterial culture yields sparse growth of normal flora, 
whereas viral cultures yield high titers of influenza A virus. Such patients do not respond to 
antibiotics and mortality is high. At autopsy, findings consist of tracheitis, bronchitis, diffuse 
hemorrhagic pneumonia, hyaline membranes lining alveolar ducts and alveoli, and a paucity 
of inflammatory cells within the alveoli. 


The trachea and bronchi contain bloody fluid, and the mucosa is hyperemic.®° Tracheitis, 
bronchitis, and bronchiolitis are seen, with loss of normal ciliated epithelial cells. 
Submucosal hyperemia, focal hemorrhage, edema, and cellular infiltrate are present. The 
alveolar spaces contain varying numbers of neutrophils and mononuclear cells admixed with 
fibrin and edema fluid. The alveolar capillaries may be markedly hyperemic with intra- 
alveolar hemorrhage. Acellular hyaline membranes line many of the alveolar ducts and 
alveoli. 


Secondary Bacterial Pneumonia 


Secondary bacterial pneumonia is classically described as occurring as the patient is 
recovering from influenza. After a period of improvement lasting usually 4 to 14 days, fever 
recurs associated with symptoms and signs of bacterial pneumonia such as cough, sputum 
production, and lung consolidation. Secondary bacterial pneumonia was described following 
the 1957 H2N2°° and 1968 H3N2 pandemics,'** and available data suggests bacterial 
superinfections played a significant role in the mortality associated with the 1918 H1N1 
pandemic. Bacterial superinfections were also frequently observed with A(H1N1)pdm09 
infections, in particular with fatal cases!*° (Fig. 15.4). 


The two pathogens that are currently most commonly associated with influenza are 
Streptococcus pneumoniae and Staphylococcus aureus, which is otherwise an uncommon 
cause of community-acquired pneumonia. Community-acquired, methicillin-resistant S. 
aureus has been seen in children following influenza, and recent study suggests that addition 
of a second active antibiotic may be important in children with MRSA complicating 
infection. Haemophilus influenzae and group A streptococci have also been associated with 
influenza. 


Combined Viral—Bacterial Pneumonia 


Clinically, this syndrome may be indistinguishable from primary viral pneumonia, except that 
the symptoms of pneumonia appear somewhat after the influenza symptoms and chest 
radiographs are more likely to show pleural effusions. Virus has been recovered from the 
lungs and pleural fluid. The case fatality rate for combined viral—bacterial pneumonia is 10% 
to 12%. Coinfection with influenza and S. aureus can have a fatality rate of up to 42%. 


During an outbreak of influenza, many patients do not clearly fit into either of the 
aforementioned categories. The disease is not relentlessly progressive, and yet the fever 
pattern may not be biphasic. These patients may have primary viral, secondary bacterial, or 
mixed viral and bacterial infection of the lung. In addition, milder forms of influenza viral 
pneumonia involving only one lobe or segment have been described that do not invariably 
lead to death and that are more likely to be confused with pneumonia caused by Mycoplasma 
pneumoniae than to pneumonia produced by bacterial infection. Some studies have suggested 
that elevated levels of procalcitonin or C-reactive protein, as well as specific transcriptional 
profiles, can be helpful in distinguishing secondary bacterial from primary viral pneumonia. 


The pathophysiology of bacterial superinfection has been studied intensively,°? and a 
number of factors have been identified that could play a role. Uncomplicated influenza is 
associated with significant abnormalities in ciliary clearance mechanisms, resulting in 
reduced clearance of bacteria from epithelial surfaces. Alterations in polymorphonuclear 
neutrophils (PMNs) and mononuclear cells may also contribute to enhanced bacterial 
infection. In mouse models, the inflammatory response to influenza, particularly the type I 
interferon response, also contributes to the down-regulation of host antibacterial defense 
mechanisms. The cytokine IL-10 plays an important role in this regard. Influenza infection 
also reduces clearance by alveolar macrophages and weakens NK responses. In humans with 
H1N1 influenza, the development of pneumonia was associated with an early increase in 
regulatory T cells (Treg) in peripheral blood. All of these observations are consistent with the 
concept that the inflammatory response to influenza infection leads to disruption in the 
normal host defense against bacterial pathogens, although direct demonstration of this in 
humans is lacking. 


Some bacterial infections could also increase the pathogenicity of influenza virus. There 
are strains of S. aureus that secrete proteases capable of activating the infectivity of influenza 
virus by proteolytic cleavage of the HA. These strains play a synergistic role in experimental 
pneumonia in mice. Such protease-secreting bacterial strains could be an added pathogenic 
factor in combined viral—staphylococcal pneumonias in humans. An apparent increase in 
combined viral—bacterial pneumonias was being noted with the 2003 to 2004 influenza A 
H3N2 epidemic, perhaps coincident with the rapidly increasing impact of staphylococcal 


disease and emergence of methicillin-resistant S. aureus.°! 


Other Pulmonary Complications 


In addition to pneumonia, other pulmonary complications of influenza have been recognized. 
Bronchiolitis may also occur as a result of influenza A or B virus infection, but respiratory 
syncytial virus and parainfluenza virus type C are more important causes of bronchiolitis. 
Significant numbers of cases of croup occur in influenza A and B outbreaks. Croup 
associated with influenza A virus appears to be more severe but less frequent than that 
associated with parainfluenza virus types A or C or respiratory syncytial virus infections. 
Acute exacerbation of chronic bronchitis is a common complication of influenza and may 
result in a permanent loss of pulmonary function. Exacerbations of asthma and worsening 
pulmonary function in children with cystic fibrosis may also occur. 


Extrapulmonary Manifestations 


Myositis 


Myositis and myoglobinuria with tender leg muscles and elevated serum creatine 
phosphokinase (CPK) levels have been reported, mostly in children, but they can occur in 
adults as well. Symptoms may be sufficiently severe to interfere with walking. Although 
influenza virus has been recovered from muscle, the relation between the virus and myositis 


remains unclear. Onset of myositis occurs as respiratory illness wanes. The course is usually 
benign and reversible, and light microscopic changes of muscle necrosis and inflammatory 
cell infiltrates are seen. 


Cardiac Involvement 


Both myocarditis and pericarditis have been rarely associated with influenza A or B virus 
infection, although not observed at autopsy among those who died of primary influenza viral 
pneumonia. Myocardial infarction may also be triggered by influenza infection, possibly as 
an effect on platelet aggregation. Recent studies have showed a substantially increased risk of 
myocardial infarction in the 7 days following hospitalization for influenza.”° 


Reye Syndrome 


Reye syndrome is a rapidly progressive noninflammatory encephalopathy and _ fatty 
infiltration of the viscera, especially the liver, which results in severe hepatic dysfunction 
with elevated serum transaminase and ammonia levels. This syndrome is seen following 
respiratory, varicella, and gastrointestinal viral infections. The onset of the central nervous 
system (CNS) and hepatic symptoms usually begins as respiratory tract symptoms wane. The 
etiology and pathogenesis of this syndrome are unknown; however salicylate administration 
is a critical cofactor. There has been a dramatic decrease in Reye syndrome cases in the 
United States associated with reduced use of salicylates, which are now widely recognized to 
be contraindicated in influenza virus infection. Children who require continuous aspirin 
therapy are an important target group for influenza vaccination to reduce the risks of Reye 
syndrome. 


Central Nervous System Involvement 


A wide spectrum of CNS disease has been observed during influenza A and B virus 
infections in humans, ranging from irritability, drowsiness, boisterousness, and confusion to 
serious manifestations such as psychosis, delirium, and coma. Febrile convulsions leading to 
hospitalization occur in children with and without underlying CNS abnormalities. The 
pathogenesis of these CNS symptoms is unclear. Nonspecific metabolic effects such as 
hypoxia resulting from severe pulmonary infection may contribute to the CNS signs and 
symptoms. 


Encephalopathy can occur during influenza, typically at the height of illness and may be 
fatal. A subset of influenza encephalopathy has been described extensively in Japan and seen 
in other countries as an acute necrotizing encephalopathy with bilateral thalamic and 
cerebellar involvement.!°°!°® The syndrome of encephalitis lethargica followed by 
postinfluenzal encephalitic Parkinson disease was associated with the influenza epidemics of 
1918 and the epidemics that followed. Experiments in animals suggest that avian H5N1 
viruses can cause pathology similar to Parkinson disease. 


Guillain-Barré syndrome has been reported to occur after influenza A infection, as it has 


after numerous other infections. In addition, cases of transverse myelitis and encephalitis 
have occurred rarely. Most cases occur in children, but associated morbidity is higher in 
adults.1°6 


Toxic Shock Syndrome 


Toxic shock has occurred in previously healthy children and adults during outbreaks of 
influenza A or B, presumably because viral infection changed colonization and replication 
characteristics of the toxin-producing staphylococcus. 


Infection During Pregnancy 


The increased risk of influenza during pregnancy was dramatically demonstrated during the 
2009 pandemic. Previous studies had identified an increased risk of hospitalization associated 
with influenza epidemics during pregnancy, especially in the second and third trimester and 
in the immediate postpartum period. During the pandemic, women in each stage of 
pregnancy, or in the immediate postpartum period, were significantly over represented among 
those admitted to hospitals and ICUs. A recent meta-analysis has suggested that the overall 
risk of influenza related hospitalization was more than twice as great during pregnancy. The 
mechanism(s) by which pregnancy enhances the risk of influenza is not clear but might 
include the increased cardiovascular demands of pregnancy as well as hormonally mediated 
changes to the innate and adaptive immune response. Influenza virus itself has not been 
implicated as a cause of congenital defects and no consistent association between specific 
defects or malignancies and influenza epidemics has emerged. 


Infection in Immunosuppressed Patients 


Influenza has been noted to cause severe disease with an increased incidence of pneumonia 
in immunosuppressed children with cancer, particularly in bone marrow transplant recipients 
and leukemic patients. Relatively more immunosuppressed individuals early after 
transplantation appear to be at greater risk. Influenza virus shedding can be quite prolonged 
in immunosuppressed children, particularly those with HIV and low CD4+ counts. In 
general, T-cell defects appear to have a greater negative effect on recovery than do B-cell 
defects. Because of the prolonged, unchecked replication of influenza viruses in 
immunosuppressed individuals, resistance to antiviral drugs eventually occurs in many 
treated patients’© (see Resistance to Neuraminidase Inhibitors section). 


Influenza B and C Virus Infections 


Influenza B virus causes the same spectrum of disease as influenza A, but the frequency of 
serious influenza B virus infections requiring hospitalization is about fourfold less than that 
of influenza A virus. Generally, years with predominant influenza B circulation are 
associated with lower rates of pneumonia- and influenza-associated hospitalizations and 
deaths. However, in children, myositis, Reye syndrome, and gastrointestinal symptoms 


appear to occur more commonly with influenza B than A virus infection. 


Influenza C virus causes sporadic upper respiratory tract illness and is rarely associated 
with severe lower respiratory tract disease. By early adulthood, most individuals have 
antibody to influenza C virus, and most cases occur in children younger than 6 years of age. 
Although very young children may experience complications of bronchitis, bronchiolitis, and 
bronchopneumonia, overall influenza C virus is not a major cause of lower respiratory tract 
infection in children. 


Innate Immune Responses 


In vertebrates, innate immune responses are a vital first line of defense against microbes. 
Innate immune responses can broadly be divided into three steps: (1) microbe recognition by 
a pathogen recognition receptor (PRR), resulting in the production of type I IFN, 
chemokines, and cytokines; (2) activation of IFN-signaling pathways leading to the up- 
regulation of IFN-stimulated genes (ISGs), many of which have antimicrobial functions; and 
(3) the actions of cellular proteins with antimicrobial functions. Recent data also demonstrate 
high induction of IFN-A upon influenza virus infection, suggesting a role for type III IFN in 
innate immune responses to influenza virus infections. 


Microbes are recognized by PRRs, including toll-like receptors (TLRs), RIG-I-like 
receptors, and NOD-like receptors (NLRs). Recognition of pathogen-associated molecular 
patterns by PRRs results in the activation of signaling pathways that ultimately converge on 
the expression of antimicrobial genes. Influenza virus infection is sensed by TLR3 and 
TLR7, up-regulating their expression. RIG-I is activated by 5’-triphosphate groups on 
influenza vVRNAs, resulting in the stimulation of IRF3, IRF7, and NF-xB activity. The 
inflammasome, a complex of a NLR and the ASC adaptor protein, is also activated by 
influenza virus infection. Inflammasome activation leads to the cleavage and activation of 
procaspase-1, which in turn cleaves and activates certain cytokines, particularly IL-18 and 
IL-1p. 


Role of NS1 in the Modulation of Host Immune Responses to 
Viral Infection 


Influenza viruses have evolved mechanisms to counteract the induction of antiviral 
responses, primarily through their NS1 protein.°® NS1 interferes with antiviral responses 
through several mechanisms, including the following: 


1. NS1 suppresses RIG-I activation?*!°7,111,!"° by interacting with it directly, by 
interacting with the RIG-I ligands TRIM25 and Riplet, and by sequestering double- 
stranded RNA. 


2. NS1 expression prevents the activation of several transcription factors including IRF3, 
AP-1, and NF-KB, thus blocking IFN expression. 

3. NS1 also controls IFN levels by blocking the splicing and polyadenylation of cellular 
premRNAs (including IFN-6 mRNA). This function requires the interaction of NS1 


with the 30-kDa subunit of the cleavage and polyadenylation specificity factor (CPSF). 
Two amino acids in NS1, at positions 103 and 106, are critical for CPSF30 binding and 
affect virulence. 

4. NS1 directly binds to and blocks the antiviral factor protein kinase R (PKR), thereby 
preventing the phosphorylation of the translation initiation factor e[F2a, which is 
required for the translation of host proteins. 


5. NS1 also binds to 2’-5’-oligoadenylate synthetase (OAS) and thus interferes with RNA 
degradation mediated by the OAS/RNase L complex. 


6. NS1 interaction with NLRP3 prevents the activation of the inflammasome, hence 
preventing the activation of proinflammatory responses. 

7. NS1 activates the PI3K/Akt pathway, which plays a role in the transcriptional 
regulation of ISGs and in the regulation of TLR-mediated cytokine production. The 
PI3K/Akt pathway is activated by the NS1 proteins of influenza A, but not by those of 
influenza B viruses. 


8. The four C-terminal amino acids of some (but not all) NS1 proteins form a PDZ ligand 
domain motif, which is recognized by PDZ domain proteins. The amino acid sequence 
of the PDZ ligand domain motif can affect the virulence of influenza viruses, possibly 
because the proapoptotic function of some PDZ domain proteins is modulated by NS1 
binding. 

9. NS1 binds to several host proteins involved in the nuclear export of MRNA (including 
NXF1 and P15), a function that may contribute to the shutoff of host protein synthesis. 


10. The amino acid at position 92 of NS1 affects the pathogenicity of H5 viruses in pigs 
(with aspartic acid conferring low pathogenicity and glutamic acid conferring high 
pathogenicity); the underlying mechanism and the potential involvement of innate 
immune responses are currently unknown. 

11. Since 2000, most H5/Gs/Gd viruses possess a deletion of amino acids 80 to 84 in 
their NS1 proteins, which enhances virulence. Interestingly, H5/Gs/Gd viruses isolated 
in 2004 and 2005 in Thailand possessed both the 5-amino-acid deletion at positions 80 
to 84 and the D92E mutation. In virus-infected cells, the 5-amino-acid deletion and the 
D92E mutation affect responses to TNF-a and the induction of IFN, respectively. 


The PB1-F2 Protein 


Depending on the virus strain and the length of the PB1-F2 protein, PB1-F2 increases viral 
pathogenicity, inflammation, and the frequency and severity of bacterial coinfections in 
mice.''°° These phenotypic differences likely result from the currently known functions of 
PB1-F2 in the modulation of host immune responses and the induction of apoptosis. 


PB1-F2 modulates host immune responses by interacting with MAVS and other 
components of the RIG-I/MAVS signaling pathway, resulting in the inhibition of IRF3 and 
type I IFN induction. The PB1-F2/MAVS interaction may be regulated by CALCOCO2 
(calcium-binding and coiled-coil domain-containing protein 2), which was recently identified 


as a binding partner of PB1-F2. In addition, PB1-F2 interferes with the activation of NF-xB— 
dependent signaling pathways. 


PB1-F2 translocates into mitochondria via the Tom40 channel, the import channel of the 
mitochondrial outer membrane. PB1-F2 oligomers can form amyloid-like structures that 
disrupt membranes. Moreover, PB1-F2 interaction with the ANT3 (adenine nucleotide 
translocator 3) and VDAC1 (voltage-dependent anion channel 1) proteins induces the 
formation of membrane pores in mitochondrial membranes and subsequently changes 
mitochondrial permeability. The resulting induction of apoptosis, which is primarily observed 
in immune cells, may contribute to the increased virulence upon PB1-F2 expression. 
However, the induction of apoptosis may be strain specific and not the major function of 
PB1-F2. 


PB1-F2 enhances inflammatory responses, as demonstrated by an increased influx of 
inflammatory cells into the lungs of mice infected with an influenza virus expressing the 
PB1-F2 protein derived from the 1918 pandemic influenza virus.'® This PB1-F2 protein 
encodes serine at position 66, instead of the asparagine residue commonly found among 
human influenza viruses at this position. Serine at position 66 of PB1-F2 increases virus 
titers and pathogenicity, immunopathology, cytokine levels, and the severity of secondary 
bacterial pneumonia in mice, resulting in higher mortality. The virulence-enhancing effect of 
serine at this position has also been demonstrated for other influenza viruses, including 
H5/Gs/Gd viruses. 


The PA-X Protein 


The PA-X protein was discovered in 2012.°° It is encoded by the PA VRNA segment and 
shares its first 191 amino acids with the PA protein before a ribosomal frameshift shifts the 
open reading frame into the +1 frame relative to PA. Consequently, PA-X has a unique C- 
terminus of 61 amino acids (the majority of PA-X proteins) or 41 amino acids (~25% of the 
PA-X proteins including those of the A(H1N1)pdm09 viruses). Only approximately 2% of PA 
mRNA transcripts undergo the ribosomal frameshift, resulting in low amounts of PA-X in 
influenza virus—infected cells. 


The main function of PA-X is the degradation of host mRNAs, causing a shutoff of host 
protein expression. PA and PA-X share the endonuclease domain encoded in the N-terminal 
portion of PA (see The Replication Complex section); the endonucleolytic cleavage of host 
mRNAs contributes to the shutoff of host protein expression. However, the unique PA-X C- 
terminus in itself plays a major role in host RNA degradation, and several studies have 
implicated the first 15 and the last 20 amino acids of the unique PA-X C-terminus in this 
function. 


PA-X acts as a modulator of innate immune responses. Loss of PA-X expression typically 
leads to increased viral replicative ability and apoptosis in cultured cells, increased induction 
of proinflammatory cytokines in vitro and in vivo, and increased virulence in animal models, 
although exceptions have been noted. 


Host Defense Mechanisms 


In addition to the host defense mechanisms that are counteracted by NS1 (see previous 
section), several other host defense mechanisms against influenza virus infections exist. 


ISG15 


Interferon-stimulated gene 15 (ISG15) conjugation to its target proteins is believed to alter 
the normal (enzymatic) function of those proteins. ISG15" mice are more susceptible to 
infection with influenza A and B viruses than are control mice. Mechanistically, conjugation 
of ISG15 to NS1 appears to impair the dimerization of the NS1 RNA-binding domain; 
disrupt NS1 binding to dsRNA, U6 snRNA, and PKR; interfere with NS1-mediated 
disruption of antiviral gene expression; and inhibit NS1 association with importin a. In 
contrast to the influenza A virus NS1 protein, the influenza B virus NS1 protein blocks the 
antiviral activity of ISG15 by interfering with the E1 ligase for ISG15. 


Mx proteins 


Mx proteins are IFN-induced GTPases of the dynamin superfamily. They have been 
identified in several mammalian and avian species; most, but not all, inhibit influenza viruses 
(e.g., the Mx proteins of chickens and ducks lack antiviral activity against influenza viruses) 
(reviewed in Reference*’). Mx proteins confer resistance to influenza virus infections by 
interfering with viral replication. Murine Mx1 localizes to the nucleus and interferes with 
viral mRNA elongation, whereas the human Mx1 protein resides in the cytoplasm and blocks 
influenza virus replication through a mechanism that is not yet fully understood. Influenza 
viruses differ in their sensitivity to Mx proteins: in general, avian influenza viruses are more 
sensitive to inhibition by Mx proteins than are human influenza viruses. Mx1 binds to the 
influenza viral NP, and human influenza viruses have acquired mutations in NP that confer 
partial resistance to Mx1,°* which explains the lower sensitivity of human influenza viruses 
to Mx1 inhibition. Most conventional laboratory mice lack a functional Mx gene. This fact 
should be taken into account when interpreting data obtained with such mice. 


IFITM 


The host interferon—inducible transmembrane (IFITM) proteins 1 to 3 localize to the plasma 
membranes and the membranes of lysosomes and endocytic vesicles. They block the cell 
entry step of a variety of enveloped viruses (including influenza viruses) by inhibiting the 
fusion of the viral and cellular membranes; the underlying mechanism is not fully 
understood. 


MicroRNAs 


MicroRNAs (miRNAs) are short, noncoding RNAs that modulate gene expression in 
eukaryotes by binding to their target mRNAs and destabilizing them and/or blocking their 


translation. Several studies have now been conducted to catalogue the miRNAs that are 
differentially regulated upon influenza virus infection and whose levels may correlate with 
the severity of disease. miRNAs can affect pathogen infections by modulating innate immune 
responses and/or by targeting pathogen mRNAs directly. 


Several miRNAs bind to the influenza virus PB1 mRNA and regulate PB1 expression. 
Another miRNA targets the viral M1 mRNA. The expression levels of viral proteins can also 
be affected through indirect mechanisms: for example, one miRNA has been shown to affect 
the levels of two viral proteins by targeting the mRNA of a host protein (ARCN1) that plays 
a role in influenza virus entry and assembly. 


A number of miRNAs modulate influenza virus-induced innate immune responses by 
regulating the activation of RIG-I, NF-KB, IFN-a/B, MAPK3, and IRF3/IRF7, among others. 
For example, infection with influenza viruses results in the up-regulation of several miRNAs 
that bind to the 3’-untranslated region of RIG-I, thus suppressing the activation of type I and 
II IFN and of ISGs. Currently, the mechanisms by which influenza virus infection modulates 
the levels of miRNAs are not understood. 


Mitogen-activated protein kinase (MAPK) signaling pathways 


Stimulation of PRRs activates the mitogen-activated protein kinase (MAPK) signaling 
cascades, which activate the expression of multiple genes, including factors involved in 
inflammatory responses. Several MAPK pathways have been extensively studied for their 
role in innate immunity, including the extracellular signal-regulated kinases 1/2 
(ERK1/ERK2), the c-jun N-terminal kinase (JNK), and p38 pathways. These pathways are 
activated upon influenza virus infection and modulate viral infections through their roles in 
the expression of cytokines and chemokines. These effects differ depending on the influenza 
virus tested. 


Effect of host genetics on susceptibility to infection and disease 
outcome 


Genome-wide association studies (GWAS) based on the genomic data of groups of people 
have allowed the identification of single nucleotide polymorphisms (SNPs) that are 
associated with susceptibility to infection or the severity of disease. Alternatively, the 
genome of a single patient of interest (e.g., a person experiencing a severe infection) can be 
analyzed to identify rare mutations that may be correlated with the disease phenotype. These 
approaches have identified SNPs in IFITM3, IRF7 (IFN regulatory factor 7), and 
SFTPA/SFTPB (surfactant, pulmonary-associated proteins A and B) that are associated with 
the severity of influenza virus infections. SNPs in the carnitine palmitoyltransferase II 
(CPTII) gene are linked to influenza-associated encephalopathy. 


Adaptive Immune Responses 


Humoral Immunity 


Infection with influenza virus results in the development of antibody to the influenza virus 
envelope glycoproteins HA and NA, as well as to the structural M and NP proteins. Some 
individuals may develop antibody to the M2 protein as well. As measured by enzyme-linked 
immunosorbent assay (ELISA), serum IgM, IgA, and IgG antibody to the HA appear 
simultaneously within 2 weeks of inoculation of virus. The antibody response is more rapid 
after reinfection. The development of anti-NA antibodies parallels that of hemagglutinin- 
inhibiting (HI) antibodies. Peak antibody responses are seen at 4 to 7 weeks after infection 
and decline slowly thereafter; titers can still be detected years after infection even without 


reexposure.* 


Antibody to the HA can prevent attachment of the virus to the cell and neutralizes virus 
infectivity. A surrogate measurement of the neutralizing activity of serum is the 
hemagglutination-inhibition (HI) assay, in which sera is tested for the ability to prevent 
agglutination of red blood cells by a virus preparation. An increased risk of laboratory- 
documented influenza among those with the lowest titers of preexposure HI or neutralizing 
antibody is a consistent finding of most but not all studies. However, there is considerable 
uncertainty about the actual level of HA antibody that is the best predictor of protection, with 
estimates ranging from HI titers of 1:8 to 1:160 or higher.® Given the substantial variation 
from laboratory to laboratory in the estimation of the HI titer on the same set of samples, the 
inability to use an absolute value for protection is not unexpected. In addition, the amounts of 
antibody needed to mediate protection could vary by population, degree of exposure, age, 
and specific influenza type or subtype, although this has not been analyzed comprehensively. 
Most neutralizing antibodies are believed to bind conformational epitopes. 


Studies evaluating the B-cell response of patients infected with novel influenza viruses, 
such as H5N1 or primary infections with pandemic H1N1, have identified B cells directed 
against epitopes on the stalk of the HA molecule.®° The monoclonal antibodies produced by 
these B cells are typically highly cross-reactive among HA molecules within the same group, 
for example, group 1 specific antibodies reacting with H1, H2, and H5 viruses and group 2 
specific antibodies reacting with H3 and H7 viruses. Some levels of stalk-specific antibody 
are present in the sera of most adults, and the role of these antibodies in protection in humans 
has not been defined. However, there is considerable interest in exploiting this observation in 
the development of broadly cross protective influenza vaccines. 


Antibody to the NA can be measured by NA inhibition or ELISA. In contrast to anti-HA 
antibody, anti-NA antibody does not neutralize virus infectivity but instead reduces efficient 
release of virus from infected cells, resulting in decreased plaque size in in vitro assays and in 
reductions in the magnitude of virus shedding in infected animals. Observations on the 
relative protection of those with anti-N2 antibody during the 1968 pandemic,”’ as well as 
experimental challenge studies in humans, have shown that anti-NA antibody can be 
protective against disease and results in decreased virus shedding and severity of illness but 
that it is infection permissive. 


Antibody to other influenza viral proteins has also been evaluated for potential 
protection. Antibody to M2 reduces plaque size in vitro, and passive transfer studies in mice 
have also suggested that antibody to the M2 protein of influenza A viruses may be partially 
protective if present in large enough amounts. The mechanism of protection in vivo is related 
to mediation of ADCC.° Antibody to internal viral proteins such as M or NP is also elicited 
by infection, but they are non-neutralizing. Studies in mice have suggested that such non- 
neutralizing but cross-reactive antibody may mediate protection under some circumstances. 
The mechanism by which antibody to viral proteins that are not exposed on the surface can 
mediate protection is unclear. 


Infection with influenza virus is somewhat unique in that humans are repeatedly exposed 
throughout their lifetimes with influenza viruses that share many immunologic epitopes but 
differ in others. There is increasing evidence that the result of this repeated exposure is that 
the antibody response tends to be dominated by epitopes that are shared with the individuals’ 
original exposure to influenza virus. This phenomenon of imprinting by prior exposure 
continues throughout life and impacts the susceptibility to infection and the response to 
vaccination.”’ For example, it has been suggested that the differential age-related impact of 
H7N9 and H5N1 may be related to prior exposures to group A (H1N1 and H5N1) or group B 
(H3N2 and H7N9) viruses, such that older individuals with childhood exposure to H1 are 
relatively more susceptible to H7 than H5, with the opposite effect is seen in individuals 
whose first exposures may have been to H3 viruses.” 


Cellular Immunity 


The induction of cellular immune response to influenza virus infection has been studied 
intensively in murine models, and such studies suggest that B-cell, CD4+ T-cell, and CD8+ 
T-cell responses all can play a role in protection against disease and recovery from infection. 
A large number of HLA class I restricted (CD8+ T-cell) and HLA class II restricted (CD4+ T- 
cell) epitopes have been described, and in situations where those epitopes are relatively well 
conserved on proteins such as the polymerase, NP, and M proteins, the cellular responses are 
cross-reactive between subtypes, although not between types A and B. 


Cellular immune responses to influenza vaccination and infection have not been studied 
as extensively in humans, but B-cell (memory B-cell and antibody secreting cell), CD4+ T- 
cell, and CD8+ T-cell responses in peripheral blood have been described after infection or 
vaccination. It can be difficult to capture the peak of the response as detectable increases in 
antigen-specific cells may only be seen in peripheral blood on a few days after exposure. 
Generally, the peak cellular response occurs somewhere between 5 and 14 days depending on 
the status of the subject and the nature of the response. As seen in murine models, a major 
component of the cellular response is directed at conserved peptides to which the subject has 
already been exposed during previous infections or vaccinations. 


An important role of the cellular immune response in recovery from influenza infection 
in humans is strongly supported by the observation of prolonged illness and viral shedding in 
individuals who are lymphopenic as a result of disease or chemotherapy. However, it has 


been difficult to develop specific markers of T-cell immunity as correlates of protective 
immunity. Activated T cells, in the form of granzyme B-—positive T cells, have been 
associated with protection in older subjects.°* In the human challenge model, early studies 
identified virus-specific cytotoxic T cells as correlated with reductions in the duration and 
level of virus replication in adults.?° In a subsequent study done many years later by the same 
group, prechallenge CD4+ T cells, but not CD8+ T cells, correlated with relatively lower 
levels of viral shedding and symptoms following experimental infection.!°9 


In community surveillance of healthy adults during the pandemic of 2009, and in a 
setting of low baseline antibody to the pandemic virus, CD8+ T cells were strongly correlated 
with protection against severe illness.!°* Under similar circumstances, the presence of NP- 
specific, predominantly CD8+ T cells was correlated with less symptomatic influenza.?! In 
addition, an early CD8+ T-cell response is associated with successful recovery from severe 
H7N9 illness in humans.!°* The development of more sophisticated markers that can 
specifically identify reactive cells in peripheral blood will help to define the role of cellular 
immunity in protection, but the field remains limited by the lack of convenient access to 
compartments other than the peripheral blood in humans. 


Mucosal Antibody Response 


The majority of studies of mucosal responses to influenza in humans have concentrated on 
measurement of HA responses by ELISA or by neutralization tests, because nonspecific 
inhibitors of hemagglutination present in nasal mucus interfere with the standard HI test. 
These studies have demonstrated significant mucosal responses to infection with wild-type 
virus or live attenuated influenza vaccines. Both IgA and IgG are found in nasal secretions. 
Nasal HA-specific IgG is predominantly IgG,, and its levels correlate well with serum levels 


of HA-specific IgG,, suggesting that nasal IgG originates by passive diffusion from the 
systemic compartment. Nasal HA-specific IgA is predominantly polymeric and IgA,, 


suggesting local synthesis. Local IgA antibody stimulated by natural infection is detectable 
for 3 to 5 months after infection, and there is local IgA memory for influenza antigen. After 
secondary infection, local antibody is also primarily of the IgA isotype, those with a local 
IgA response also have a serum IgA response, and the magnitude of the serum IgA HA 
antibody response correlates with that of the local response. 


Studies in mice and ferrets have emphasized the importance of local IgA antibody in 
resistance to infection, particularly in protection of the upper respiratory tract. Polymeric IgA 
was shown to be specifically transported into the nasal secretions of mice and to protect 
against nasal challenge. Protection could be abrogated by intranasal administration of 
antiserum against IgA but not IgM or IgG. Local antibody has also been shown to play a role 
in protection against antigenic variants in mice. Studies in humans have also suggested that 
the resistance to reinfection induced by virus infection is mediated predominantly by local 
HA-specific IgA, whereas that induced by parenteral immunization with inactivated virus 
depends also on systemic IgG. Importantly, either mucosal or systemic antibody alone can be 


protective if present in high enough concentrations, and optimal protection occurs when both 
serum and nasal antibodies are present. 


DIAGNOSIS 


Clinical Diagnosis 


Most cases of influenza are diagnosed based on compatible clinical symptoms and seasonal 
epidemiology. That is, when the presence of influenza virus is confirmed in a region or 
community, healthy adults with acute influenza—like illness most commonly have influenza. 
In fact, several studies have shown that the accuracy of a clinical diagnosis in healthy adults 
in the setting of an influenza outbreak is as high as 80% to 90%. In an analysis of symptoms 
in young adults being assessed for entry into studies of influenza virus treatment, the best 
multivariate predictors of laboratory-confirmed influenza virus infection were cough and 
fever,?° with an increasing predictive value with increasing levels of fever. However, the 
predictive value of such a symptom complex may be less in older adults and in children. 


Virus Isolation 


Isolation of influenza virus in cell culture has traditionally been the definitive laboratory test 
to diagnose influenza infection. Virus can be isolated readily from nasal swab specimens, 
throat swab specimens, nasal washes, or combined nose and throat swab specimens or 
sputum samples. Over 90% of positive cultures can be detected within 3 days of inoculation 
and the remainder by 5 to 7 days. However, virus isolation requires specialized expertise and 
equipment and does not provide diagnosis within the timeframe of clinical decision-making. 
Thus, a wide variety of more rapid diagnostic approaches have been developed. Available 
diagnostic testing is updated frequently by the Centers for Disease Control and Prevention 
(CDC) on the Web site http://www.cdc.gov/flu/professionals/diagnosis/table-testing- 
methods.htm. 


Rapid Influenza Diagnostic Tests (RIDT) 


The most widely used rapid diagnostic tests are based on immunologic detection of viral 
antigen in respiratory secretions. In this approach, the sample is treated with a mucolytic 
agent and then tested with specific antibody that results in a color change or similar endpoint 
that is read visually. All of these rapid tests are relatively simple to perform and can provide 
results within 30 minutes, and many tests are eligible for Clinical Laboratory Improvement 
Amendments (CLIA) waiver and can be performed at the point of care (POC). The reported 
sensitivities of each test in comparison to cell culture have ranged between 40% and 80%, 
and they are somewhat dependent on the nature of the samples tested and the patients from 
whom they were derived. In general, sensitivities in adults and older adult patients tend to be 
lower than those reported in young children, who shed much larger quantities of virus in 
nasal secretions and therefore have much higher concentrations of antigen in their samples. 


Similarly, sensitivity is likely to be higher early in the course of illness, when viral shedding 
is maximal. Although all types of respiratory samples can be used in such tests, the 
sensitivity appears to be better with nasopharyngeal swabs and aspirates than with throat 
swabs or gargles. In some tests, the use of a digital readout can improve sensitivity compared 
to visual inspection. However, because of the relatively low sensitivities of these tests, their 
utility in clinical decision-making may be limited. 


Polymerase Chain Reaction—Based Tests 


PCR-based tests have the advantage of being potentially more sensitive than cell culture and 
allow detection in samples in which the virions have lost viability. In addition, it is possible 
to devise multiplex techniques so that a single test can detect a number of different agents, 
and many PCR methods allow rapid subtyping of the virus as well. For these reasons, real- 
time reverse transcriptase PCR (rtRI-PCR) has become the gold standard of influenza 
diagnostic testing and is generally available at clinical laboratories. Diagnostic sensitivities of 
the tests depend on the level of virus present in various specimens; generally, samples 
obtained by nasopharyngeal swabs have slightly higher sensitivity, similar to the findings 
with antigen detection tests. In some patients with lower respiratory tract disease, sputum 
samples or tracheal aspirates have been positive when nasal swabs were not. Swabs with 
wooden handles should be avoided for PCR diagnostic testing, as these can interfere with the 
chemistry of the assay. 


Clinical laboratory—based PCR diagnostics will typically require transport of the 
specimen from the POC to the laboratory and typically take 3 to 4 hours to complete. 
Although highly accurate, this may not be useful for patient management, particularly in an 
outpatient setting. Therefore, there has been considerable effort to develop simple, rapid 
nucleic acid—based detection methods that could be utilized at the POC. 


Rapid Nucleic Acid Amplification Tests (NAAT) 


An alternative method of nucleic acid detection is isothermal amplification, which does not 
require a thermal cycler. A variety of isothermal amplification techniques have been 
developed, with the most frequently used approach being loop-mediated isothermal 
amplification (LAMP). These assays are highly accurate, on a par with PCR-based tests, and 
are rapid, giving results in less than 30 minutes.* Because they are simple to operate, they can 
be approved for use at the POC, therefore greatly improving their potential utility. However, 
these assays are currently expensive and not generally designed to identify other respiratory 
viruses. 


Role of Viral Diagnosis in Clinical Decision-Making 


Most cases of influenza, occurring in otherwise healthy individuals with typical symptoms 
during the course of a recognized influenza epidemic, do not need specific viral 
confirmation. However, diagnostic testing should be used if the results of the test will 
influence subsequent clinical management. This would include decisions regarding the use of 


antiviral agents, the need for antibacterial drugs, and considerations for infection control 
(reviewed in Reference145)_ 


ANTIVIRALS 


Several antiviral compounds—the M2 ion channel inhibitors amantadine and rimantadine; 
the NA inhibitors oseltamivir, zanamivir, peramivir, and laninamivir; and the viral 
polymerase inhibitors baloxavir marboxil and favipiravir—are currently approved in one or 
several countries for use in humans (for restrictions on favipiravir use, see below). Most 
influenza A and B viruses currently circulating in humans are sensitive to the NA and 
polymerase inhibitors. The currently circulating human influenza A viruses are resistant to 
the ion channel inhibitors, which are also not effective against influenza B viruses. 
Accordingly, ion channel inhibitors are no longer recommended for use in humans. 


M2 Ion Channel Inhibitors 


Amantadine hydrochloride and rimantadine, an analog of amantadine, were licensed for 
prophylactic and therapeutic use against influenza A virus in humans in the United States in 
the 1960s. These compounds are active against all subtypes of influenza A virus, but not 
against influenza B or C viruses. Amantadine and rimantadine are adamantane derivatives. 
They inhibit virus replication by blocking the acid-activated ion channel formed by the 
virion-associated M2 protein.*? These compounds also inhibit the replication of viruses that 
have multiple basic amino acids at their HA cleavage site by inhibiting M2 ion channel 
activity in the trans-Golgi network, which prevents the premature low pH-induced 
conformational change of HAs cleaved by furin. 


Until 2004, amantadine and rimantadine were used for prophylaxis and to treat infections 
caused by seasonal influenza A viruses. Before 2004, the rates of drug resistance among 
seasonal influenza viruses were low, although adamantane-resistant variants had been 
isolated from infected individuals. However, from 2003 to 2005, the rate of adamantane- 
resistant seasonal H3N2 viruses increased to more than 90%, typically conferred by a Ser-to- 
Asn mutation at position 31 of M2. At that time, many seasonal H1N1 viruses remained 
sensitive to ion channel inhibitors. In 2009, the seasonal H1N1 viruses were largely replaced 
by the novel A(H1N1)pdm09 viruses, which are resistant to adamantanes. Hence, the H1N1 
and H3N2 viruses circulating in humans since 2009 are resistant to adamantanes, and the use 
of these compounds is no longer recommended. 


Resistance to adamantanes is conferred by mutations at position 26, 27, 30, 31, 34, or 38 
of M2, with mutations at position 27, 30, or 31 found most frequently. Structural studies of 
the M2 ion channel in the absence and presence of amantadine show that the channel is 
relatively narrow at position Val27 but opens into a wider cavity that is lined by Ala30 and 
Ser31 (among other amino acids), providing structural information on the effect of mutations 
at these key positions. 


For H5/Gs/Gd viruses, the rate of adamantine resistance varies greatly depending on their 
geographic origin. With few exceptions, the H7N9 viruses that emerged in China in 2013 
encode asparagine at position 31 of M2, resulting in resistance to adamantanes. Many 
European swine viruses of several lineages are resistant to adamantanes, likely because their 
M genes belong to the same phylogenetic lineage. The pandemic 1918 virus is sensitive to 
ion channel inhibitors. 


Neuraminidase Inhibitors 


The first NAIs included DANA (2-deoxy-2,3-dihydro-N-acetylneuraminic acid; Neu5Ac2en) 
and its N-trifluoroacetyl analog FANA, which were effective in vitro but did not inhibit 
replication of influenza viruses in animals. After resolution of the NA structure, DANA 
served as the lead compound in the rational design of drugs targeting the NA protein. All four 
currently approved NAIs bind to the catalytic site of NA and block its function. The 
compounds differ in their side chains, which affects their bioavailability, their binding 
kinetics to NA, and the rate with which resistant NA variants emerge. 


Indications and Dosages 


The NAI oseltamivir phosphate (US trade name Tamiflu®) was approved in the United States 
in 1999 and is also available in many other countries. It is effective against influenza A and B 
viruses and is currently approved in the United States for the “treatment of acute, 
uncomplicated influenza A and B in patients 2 weeks of age and older who have been 
symptomatic for no more than 48 hours” and for the “prophylaxis of influenza A and B in 
patients 1 year and older.” It is available as capsules and for oral suspension. Tamiflu® is a 
prodrug that is converted in the liver into the active form, oseltamivir carboxylate. For 
therapeutic treatment, 5-day courses are recommended with 75 mg of Tamiflu® twice a day 
for patients 13 years and older; lower doses are recommended for pediatric patients. For 
prophylaxis, the therapeutic doses are recommended for at least 10 days; community 
outbreaks may require treatment for up to 6 weeks. Treatment with Tamiflu® may cause 
nausea and discomfort, and rare cases of serious skin reactions and neuropsychiatric events 
have occurred. 


Zanamivir (US trade name Relenza®) was also approved in the United States in 1999 and 
is available in other countries as well. In the United States, it is indicated for the “treatment 
of acute, uncomplicated influenza type A and B infections in patients 7 years and older who 
have been symptomatic for no more than 2 days.” The prophylactic indication is for patients 
5 years and older. Relenza® is provided as a powder and administered by inhalation. For 
patients of all age groups, two daily inhalations (10 mg each) are recommended for the 
treatment of infections, whereas one daily inhalation of 10 mg for up to 28 days is 


recommended for prophylaxis. Because Relenza® is administered by oral inhalation, it is not 


recommended for patients with underlying airway diseases. In rare cases, Relenza® may 


cause bronchospasm, allergic reaction, or neuropsychiatric episodes. 


Peramivir (US trade name Rapivab®) received emergency use authorization by the U.S. 
Food and Drug Administration from October 23, 2009, to June 23, 2010, during the 2009 
H1N1 pandemic. It was permanently approved in the United States in 2014 and is currently 
indicated for the “treatment of acute uncomplicated influenza in patients 2 years of age and 
older who have been symptomatic for no more than 2 days.” Peramivir is also available in 
Japan, South Korea, and China. It is administered intravenously as a single dose of 600 mg 
for patients 13 years of age or older or 12 mg/kg (up to 600 mg) for pediatric patients 2 to 12 
years of age. Patients treated with peramivir may experience diarrhea; in rare instances, 
serious skin reactions and neuropsychiatric events can occur. 


Laninamivir octanoate (Japanese trade name Inavir®) was approved in Japan in 2010 for 
the treatment of patients over 10 years of age. In 2013, it was also approved for prophylactic 
use in Japan. It has completed phase III clinical trials in the United States. Patients 10 years 
of age or older receive a single inhaled dose of 40 mg, whereas younger patients are treated 
with 20 mg. For prophylaxis, a single inhalation of 20 mg is recommended for 2 days. Since 
Inavir® is effective in humans for several days, a single inhaled dose is sufficient to treat 
influenza virus infections. The prodrug laninamivir octanoate is converted to the active 
compound, laninamivir, in the respiratory tract. Gastrointestinal side effects, including 
vomiting and diarrhea, may occur. 


Efficacy of Neuraminidase Inhibitors 


The efficacy of NAIs in the treatment and prevention of influenza A and B virus infections 
has been assessed in a number of studies. In general, the initiation of treatment within 48 
hours of the onset of symptoms is critical; however, treatment later in infection may still 
provide some benefit. For uncomplicated infections with human influenza viruses, these 
drugs reduce the duration of illness by about 1 day (if treatment is started early). In addition, 
the amount of virus shed appears to be reduced. Several studies suggest that treatment with 
NAIs also reduces the risk of severe complications. 


The currently available NAIs are also effective against H7N9 and H5/Gs/Gd viruses. 
Clinical data from infected individuals suggest that treatment with NAI improves survival 
rates; early treatment was again noted as a critical factor. Based on these findings, NAIs are 
recommended by the WHO for the treatment for human H7N9 and H5/Gs/Gd virus 
infections. While treatment with NAIs improves the outcome of H7N9 or H5/Gs/Gd 
infections in humans, a significant percentage of individuals still succumb to the infection. 
One reason might be that treatment is not always started within 48 hours after the onset of 
symptoms. Higher doses and prolonged treatment with NAIs have shown additional benefits 
in animal studies and in infected individuals. 


Treatment with NAIs does not appear to prevent the development of humoral antibodies, 
which is critical to protect against reinfection with antigenically similar viruses. Ferret 
studies have demonstrated protection against reinfection, and seroconversion has also been 
noted in individuals. 


Resistance to Neuraminidase Inhibitors 


Variants with reduced sensitivity to NAIs can be selected experimentally and have been 
isolated from patients treated with NAIs. Mutations that confer resistance to NAIs typically 
map to catalytic sites in NA (R118, D151, R152, R224, E276, R292, R371, and Y406; N2 
numbering here and below) or to framework sites (E119, R156, W178, S179, D/N198, 1222, 
E227, H274, E277, N294, and E425) that stabilize the active site.'4? NAJI-resistant viruses 
have often been isolated from immunocompromised patients treated with a NA inhibitor. In 
this group of patients, delayed virus clearance results in prolonged virus replication and thus 
a higher risk for the emergence of drug-resistant mutants. 


Among human H1N1 and H5N1 viruses, the most frequently detected resistance 
mutation is H274Y, which is primarily detected after treatment with oseltamivir. This 
mutation confers high resistance to oseltamivir and peramivir; however, zanamivir and 
laninamivir remain effective against H274Y mutants. Other oseltamivir-resistance mutations 
map to amino acid position 222; while these variants are sensitive to the other NAIs, double 
mutants possessing 1222V/H274Y are moderately or highly resistant to all four NAIs. For 
human H3N2 viruses, frequently detected oseltamivir-resistant variants include those with 
R292K or E119A/V mutations. The R292K mutation confers resistance to oseltamivir, 
zanamivir, and peramivir, but not to laninamivir. The E119A mutation renders mutants 
resistant to oseltamivir and zanamivir, while the sensitivity to the other two NAT has not been 
tested. Variants encoding E119V are resistant to oseltamivir but can be controlled with the 
other three NAIs. Treatment with zanamivir or oseltamivir, respectively, resulted in the 
isolation of influenza B viruses with R152K and D198N mutations in NA; these mutants are 
resistant to oseltamivir, zanamivir, and peramivir. 


Overall, resistance to oseltamivir is more frequently detected in treated patients than is 
resistance to zanamivir. This may be a consequence of the structural differences between 
zanamivir and oseltamivir, or it may result from the more frequent use of oseltamivir 
compared with zanamivir. However, several viruses have been isolated that are resistant to 
both oseltamivir and zanamivir. 


The rate of resistance to oseltamivir among human influenza viruses remained relatively 
low until the influenza season of 2007/2008, when resistance was observed more often with 
H1N1 viruses than with H3N2 or influenza B viruses. During the 2007/2008 season, an 
increase in the number of oseltamivir-resistant H1N1 viruses was noted, and by March 2009, 
1291 of 1362 seasonal H1N1 viruses analyzed had acquired resistance. Clinical data 
indicated that oseltamivir-resistant H1N1 viruses were comparable in their severity to 
oseltamivir-sensitive viruses, a finding that is consistent with studies in ferrets. In 2009, the 
oseltamivir-resistant H1N1 viruses were largely replaced by A(H1N1)pdm09 viruses. Among 
currently circulating H1N1, H3N2, and B viruses, approximately 1% are resistant to 
oseltamivir. Typically, these viruses are not transmitted efficiently, although small 
community clusters of oseltamivir-resistant viruses have been reported. Currently, most 
H7N9 and H5/Gs/Gd viruses are sensitive to NAIs, although several resistant variants have 
been isolated. 


Early studies indicated that viruses resistant to oseltamivir are attenuated in animal 
models, so viruses resistant to NAIs were not expected to outcompete the viruses circulating 
at the time. Therefore, the rapid spread of oseltamivir-resistant seasonal H1N1 viruses in 
2007/2008 was unexpected. However, these viruses possessed additional mutations in NA 
(V234M and R222Q) that compensated for the loss of viral fitness due to the H274Y 
mutation. Several pairs of NAI-resistant or NAI-sensitive viruses have now been compared 
in animal models: while most NAI-resistant viruses are attenuated, some are comparable in 
their pathogenicity and transmissibility to the respective NAI-sensitive variant. 


Polymerase Inhibitors 


Baloxavir Marboxil 


Baloxavir marboxil (trade name Xofluza®) was approved in the United States and in Japan in 
2018. It is indicated for the “treatment of acute uncomplicated influenza in patients 12 years 
of age and older who have been symptomatic for no more than 48 hours.” It is available in 
tablet form and is administered at a single dose of 40 or 80 mg (for patients with a body 
weight of less than, or at least, 80 kg, respectively). The most common adverse reaction is 
diarrhea. 


Baloxavir marboxil is a rationally designed prodrug that is metabolized to baloxavir acid, 
the active compound. It interacts with the PA subunit of the viral polymerase complex and 
blocks its endonuclease activity, which is critical to generate short, capped oligomers that 
serve as primers for influenza virus transcription!’ (see Chapter 14). In clinical trials, almost 
one-quarter of the drug recipients developed resistance to baloxavir acid, conferred by amino 
acid changes at position 38 of PA. Drug-resistant influenza A viruses were attenuated in their 
replicative ability compared to the drug-sensitive viruses, whereas drug-resistant influenza B 
viruses replicated to titers similar to those obtained with the drug-sensitive viruses. 


Favipiravir 


Favipiravir (T-705) is an antiviral compound that has completed a phase III clinical trial in 
the United States. In Japan, its use is highly restricted and limited to the treatment of “novel 
or reemerging influenza virus infections to which NAI or other antiviral agents could be 
ineffective.” It has favorable pharmacokinetics and is recognized by RNA-dependent RNA 
polymerases as a purine analog. Consequently, it is effective against influenza viruses and a 
number of other RNA viruses. In contrast to ribavirin, favipiravir does not affect cellular 
DNA or RNA polymerases. 


Combination Therapy 


Several studies have assessed the potential benefits of combination therapies compared with 
monotherapies. In particular, the combination of inhibitors that target different steps in the 
viral life cycle could lead to synergistic beneficial effects and reduce the rate of emergence of 


resistant variants. Accordingly, combinations of NAIs and ion channel inhibitors have been 
tested for use against viruses that are sensitive to the latter category of compounds, such as 
H5/Gs/Gd viruses. The combination of amantadine and oseltamivir was well tolerated in 
volunteers and superior to monotherapy in terms of efficacy in mice. Similarly, the 
combination of rimantadine with oseltamivir, zanamivir, or peramivir provided additive 
effects in cell culture and mice. A triple combination regimen consisting of amantadine, 
oseltamivir, and ribavirin was superior to monotherapy or dual therapies in mice. Synergistic 
effects relative to monotherapy were also detected for several combinations of a polymerase 
inhibitor and a NA inhibitor including favipiravir/oseltamivir, favipiravir/peramivir, and 
baloxavir marboxil/oseltamivir. 


Experimental Antivirals Against Influenza 


Several compounds are in different stages of development as inhibitors of influenza viruses. 
Among them is FluDase (DAS181), a recombinant fusion protein of a bacterial sialidase with 
an anchor domain that mimics the sialidase activity of NA. In a phase II clinical trial, 
treatment with FluDase reduced virus load and shedding. Nitazoxanide (NT-300) is an 
approved antiparasitic agent that blocks HA maturation; it is currently being tested in a phase 
III clinical trial for its efficacy and safety in the treatment of uncomplicated influenza. 
JNJ63623872 (VX-787) inhibits the polymerase complex of influenza A viruses (but not that 
of influenza B viruses) by binding to the influenza A virus PB2 subunit. Phase II clinical 
trials demonstrated a reduction in virus shedding and a shorter duration of influenza 
symptoms relative to controls. Celecoxib, an approved COX-2 inhibitor, is undergoing phase 
III clinical trials in combination with oseltamivir for the treatment of patients with severe 
influenza virus infection. Monoclonal antibodies targeting the highly conserved stalk region 
of HA have gained attention because of their broadly protective potential; several candidates 
are now being evaluated in clinical trials. For two monoclonal antibodies, data from phase II 
clinical trials indicated a reduction in virus shedding following treatment. 


VACCINES 


Currently Available Vaccines 


Multiple forms of influenza vaccine are currently available both in the United States and 
elsewhere, including virion- or protein-based inactivated influenza vaccines (IIV) 
administered intramuscularly and live attenuated influenza vaccines (LAIV) administered 
intranasally. Both types of vaccines are thought to work primarily by inducing antibody 
against the viral HA, although other mechanisms probably also play a role. 


As described earlier, influenza viruses undergo continual antigenic evolution to escape 
from prior immunity. As a result, the match between the viruses chosen as components of the 
vaccine and the viruses that circulate during the season is an important determinant of the 
efficacy of that season’s vaccine. Successfully matching the vaccine to epidemic requires a 


considerable effort devoted to worldwide surveillance and subsequent antigenic 
characterization of emerging new variants. A final decision regarding strain selection for next 
year’s vaccine generally must be made at least 6 months before expected vaccination, for 
example, in February for the Northern Hemisphere and September for the Southern 
Hemisphere. The need to constantly update vaccine formulations, and readminister vaccine 
on a yearly basis, represents some of the biggest challenges in effectively controlling the 
impact of influenza. 


The composition of the vaccine has changed over time to reflect changes in the 
epidemiology of influenza viruses. Since 1977, influenza vaccines have contained three 
strains representing the most up-to-date antigenic variants of A/H3N2, A/H1N1, and B 
viruses. Since approximately 2004, two antigenically distinct lineages of influenza B viruses, 
the Victoria lineage and the Yamagata lineage, have cocirculated. Therefore, quadrivalent 
formulations of vaccine containing both lineages were licensed beginning in the 2013 to 
2014 influenza season. The nomenclature of influenza vaccines has changed to reflect this 
difference, with trivalent preparations now termed inactivated influenza vaccine-3 (IIV-3) 
and quadrivalent ITV-4. 


Protein-Based or Inactivated Vaccines 


The original influenza vaccine, which consisted of formalin-inactivated whole virions grown 
in embryonated chicken eggs, was demonstrated to have a protective efficacy of 70% in 
healthy adults*? and licensed in 1945. Since then, although there have been several important 
advances in the techniques for producing vaccine, the basic vaccine strategy has remained the 
same. The development of the zonal gradient centrifuge allowed more efficient production 
and more highly purified vaccines from which reactogenic contaminants had been removed. 
Treatment of the whole virus with solvents to create “split” vaccines, or with detergents to 
create “subunit” vaccines, resulted in a vaccine with fewer adverse reactions, particularly 
fever, than the whole-cell vaccine. The efficiency of vaccine production was also improved 
through the development of techniques to create reassortant viruses adapted to provide high 
yield from hens’ eggs. Since the late 1970s, egg-grown vaccines have been standardized to 
contain at least 15 ug of each HA antigen as assessed by single radial immunodiffusion 
(SRID) using antibody reagents prepared against the components of the vaccine. 
Embryonated hen’s eggs are an extremely efficient substrate for the growth of most influenza 
viruses, and consequently egg production remains the primary mode of production for 
current influenza vaccines. However, while eggs are an efficient substrate for vaccine 
production, the process of adapting to growth in an avian substrate can result in mutations in 
the HA protein that result in significant antigenic differences from the original starting 
material and adversely affect vaccine performance in unpredictable ways!°° (see Host Cell— 
Mediated Selection of Antigenic Variants section). 


One strategy to avoid the problems associated with egg-adaptation would be to produce 
the vaccine by propagating the viruses in mammalian cell culture. Currently, a vaccine 
produced in a qualified line of MDCK cells is licensed for use in individuals age 4 years and 


above in the United States. Other cell lines such as Vero cells and PerC.6 cells have also been 
explored for influenza vaccine production. Another alternative is to express the HA using an 
appropriate expression system. The expression of proteins in insect cells using recombinant 
baculovirus expression vectors can be achieved rapidly and results in proteins with 
mammalian-like glycosylation. A recombinantly expressed HA vaccine is currently licensed 
in the United States for ages 18 and above. This vaccine uses a higher dose of HA antigen per 
component (45 pg), although the reagents used for release criteria are different than those 
used for egg-derived vaccine. 


Several attempts have been made to improve the performance of ITV in risk population 
such as older adults. A vaccine that uses four times the usual dose (60 pg per component) has 
been developed and shown to induce higher levels of antibody and improved protection 
against H3N2 viruses in older adults. The vaccine is produced in eggs and contains a single B 
virus lineage and is licensed for use in adults 65 and above. Another approach to improving 
vaccine performance is the use of adjuvants or immune stimulators designed to improve the 
response to a coadministered antigen. The squalene-based oil-in-water adjuvant MF59 has 
been shown to increase the immunogenicity of egg-derived influenza vaccine in older adults 
and has been licensed in the United States and elsewhere in this age group. MF59 adjuvanted 
vaccine is also currently being evaluated for potential improved efficacy in children. 


Live Attenuated Influenza Vaccines 


Live attenuated vaccines (LAIV) have a long track record of success against a wide variety of 
viral diseases, such as smallpox, measles, polio, and others, in part because they generate a 
diverse immune response that mimics the immune response to the pathogen. Developing live 
vaccines for influenza represents a special challenge because of the frequent antigenic 
changes in the virus. Creation of reproducibly attenuated antigenically variant LAIVs takes 
advantage of the principle of reassortment to generate attenuated vaccines for new antigenic 
variants using a vaccine master donor virus. The master donor viruses used in the LAIV 
currently licensed in the United States are the cold-adapted influenza A/Ann Arbor/6/60 
(H2N2) and B/Ann Arbor/1/66 viruses. A quadrivalent formulation of these viruses (LAIV-4) 
is currently licensed in the United States and other countries for use in individuals ages 2 to 
49. A second type of LAIV, based on the cold-adapted A/Leningrad/60 and B/Leningrad/66 
master donor viruses, is also licensed in some countries. 


Safety 


Intramuscular Protein Vaccines 


Hundreds of millions of doses of ITV are administered to adults, elders, and children each 
year, and the safety of these vaccines has been repeatedly confirmed. For example, no 
increase in clinically important medically attended events has been noted among over 
251,000 children less than 18 years of age who were enrolled in 1 of 5 health maintenance 
organizations within the Vaccine Safety Datalink, the largest published postlicensure 


population—based study of vaccine safety. The most common adverse events reported 
following immunization with ITV are tenderness and/or pain at the injection site. Most 
injection site reactions are mild and rarely interfere with daily activities. Systemic reactions 
following immunization of adults with inactivated vaccine are uncommon. In placebo- 
controlled clinical trials in younger and elderly adults, rates of systemic reactions were 
similar among groups given inactivated vaccine or placebo. 


Immediate hypersensitivity reactions (hives, wheezing, angioedema, or anaphylactic 
shock) following inactivated vaccine can also occur, and vaccine is considered 
contraindicated for persons who experienced a previous anaphylactic reaction following 
vaccine. However, recent studies support the safety of egg-derived ITV among persons who 
experience mild allergic reactions to eggs such as hives.'* Current recommendations for 
persons with other forms of egg allergy such as history of angioedema or respiratory distress 
are that any inactivated vaccine may be used but that vaccine should be administered in a 
medical setting where emergent severe allergic reactions can be treated. 


The Guillain-Barré syndrome (GBS), an acute inflammatory demyelinating 
polyneuropathy, was associated with the 1976 swine influenza vaccination campaign, with an 
increased risk of approximately 1 per 100,000 vaccinees. Subsequent studies have suggested 
a Statistically significant but very slight increased relative risk of GBS within 7 weeks of 
influenza vaccination. A recent meta-analysis of 39 observational studies conducted from 


1981 to 2014 confirmed a slightly increased risk of GBS following influenza vaccination.®? 


Pregnancy is recognized as a risk factor for more severe influenza, and pregnant women 
are an important target group for immunization. Most studies of pregnancy outcomes have 
found no association between vaccination and adverse pregnancy outcomes, although 
relatively less information is available regarding first trimester vaccination. Influenza vaccine 
is currently considered safe in all trimesters. 


During the response to the 2009 pandemic, monovalent H1N1 inactivated vaccines were 
administered in several countries adjuvanted with the squalene-based adjuvant ASO3. The 
use of the ASO3 with A(H1N1)pdm09 vaccine was associated with an increased risk of 
narcolepsy during vaccine campaigns in Europe. Initially noted in Finland, this association 
has been established in multiple other locations where ASO3-adjuvanted A(H1N1)pdm09 
vaccines were used routinely in young children. The pathogenesis of this disorder involves 
presumably immune destruction of neurons in the hypothalamus responsible for synthesis of 
the neurotransmitter hypocretin. The mechanism that might link the use of influenza vaccine 
to the development of narcolepsy is unclear. An increased incidence of narcolepsy was also 
reported following H1N1 infection in China, suggesting that narcolepsy may be linked in 
some way to the specific antigen in the vaccine. Narcolepsy cases exhibited higher T-cell 
reactivity to a specific A(H1N1)pdm HA peptide and single-cell T-cell receptor sequencing 
has suggested that in some cases, narcolepsy may have been associated with molecular 


mimicry between H1 and the hypocretin protein.®” 


Live Attenuated Influenza Vaccines 


LAIV based on the cold-adapted A/Ann Arbor and B/Ann Arbor viruses display three 
characteristic phenotypes: effective replication at low temperatures (25°C), reduced 
replication at high temperature (38°C—39°C), and attenuation in a variety of animal models. 
Multiple mutations in the internal gene segments contribute to these phenotypes. Studies 
using single-gene reassortants demonstrated that at least three of these gene segments (PB1, 
PB2, and PA) independently participate in attenuation in both animals and human subjects. 
For the influenza B/Ann Arbor virus, the PA, PB2, NP, and M gene segments contribute to 
the cold-adapted and attenuation phenotypes. The attenuated A/Leningrad/134/17/57 virus 
was developed through 17 sequential passages in embryonated chicken eggs at 25°C. It 
differs by eight amino acids from the parental virus, which map to the PB2, M1, M2, and 
NS2 proteins (one amino acid change each) and the PB1 and PA proteins (two amino acid 
changes each). The ts phenotype is conferred by mutations in the polymerase proteins. The ts 
phenotype of the attenuated B/USSR/60/69 virus is defined by mutations in the PB2 and PA 
genes. Because both donor viruses are attenuated at multiple sites, it would be predicted that 
the vaccines should be phenotypically stable even after prolonged replication in seronegative 
children, and this has been shown in clinical studies. 


Cold-adapted LAITV based on the Ann Arbor master donor viruses have been well 
tolerated in adults and children, with mild nasal symptoms and sore throat occurring at rates 
slightly in excess of those in placebo recipients. However, wheezing has been consistently 
identified as a vaccine-associated side effect in young children, although occurring at low 
rates. In the largest trial, medically significant wheezing within 42 days of vaccination was 
reported in 3.8% of children less than 2 years old after receipt of LAIV compared to 2.1% in 
those who received IIV.° Wheezing generally occurs in the youngest, previously 
unvaccinated children following the first dose of vaccine. Because of this observation, LAITV 
is currently approved for use in the United States for children >2 years old who do not have a 
history of asthma. 


Safety of LAIV has also been demonstrated in some high-risk patient groups. No 
significant vaccine-related adverse events were seen in studies of children with cystic fibrosis 
or asthma, and vaccinated children with asthma did not experience significant changes in 
FEV,, use of beta-adrenergic rescue medications or asthma symptom scores compared with 


placebo recipients. LAIV has also been well tolerated in adults with chronic obstructive 
airway disease and older adults although the vaccine is not recommended for use in these 
populations. 


Transmission of LAIV to susceptible contacts does not appear to happen frequently. 
LAIV can be recovered from nasal secretions of about half of adult recipients, although 
generally shedding of LAIV by adults is of low titer and short duration. Transmission of 
LAIV from vaccine recipients to susceptible contacts has been rarely detected in studies of 
young children involved in day care—like settings. In the largest study, 197 children between 
8 and 36 months of age in a day care setting were randomized to receive LAIV or placebo, 
and LAIV was detected in one placebo recipient. The estimate of transmissibility in this age 
group was 0.6% to 2.0%.!°° However, because of the possibility of transmission, LATV is not 
recommended for close contacts of individuals who have levels of immunocompromised that 


require a protected environment. 


Immune Responses to Vaccination 


Intramuscular Protein Vaccines 


Increases in serum HI antibody are seen in about 90% of healthy adult recipients of vaccine. 
Only a single dose of vaccine is required in individuals who were previously vaccinated or 
who experienced prior infection with a related subtype, but a two-dose schedule is required 
in unprimed individuals. Primed individuals also generally respond with antibody that 
recognizes a broader range of antigenic variants than do unprimed individuals. Serum 
antibodies peak between 2 and 4 weeks after vaccination but fall quickly, reaching near 
baseline before the next influenza season. Despite evidence that NA-specific antibody 
responses contribute to protection, neither the NA content nor the enzymatic activity of the 
vaccine is standardized, and NA-specific antibody responses are not routinely assessed. 


Mucosal HA-specific antibody responses are generally not a major component of the 
response to parenterally administered inactivated vaccine. However, dose-related increases in 
mucosal HA-specific antibody responses have been observed following intramuscular 
immunization with increasing doses of a monovalent influenza A/H1N1 vaccine. 


Cellular responses, including CD4+ T-cell responses are also noted after ITV, and there is 
a strong correlation between the CD4 T-cell response and the antibody response.!°* Baseline 
frequencies of influenza-specific, interferon y-producing memory CD4+ T cells are higher in 
children who received more previous vaccinations. An increase in HA-specific CD8+ T cells 
on day 7 after vaccination has also been detected by tetramer staining in adults receiving ITV. 
While the induction of HI antibody is generally accepted as a correlate of vaccine protection, 
in some populations such as the elderly, it has been suggested that induction of cellular 
responses may also correlate with protection.** 


Unimmunized young children generally require two doses of IV given at least 4 weeks 
apart to generate substantial serum antibody responses. Once a child has been primed with 
two doses of vaccine, a single dose of vaccine is recommended in subsequent seasons 
regardless of age. While most children 6 months of age or older respond to vaccine after 
receiving the recommended number of doses, antibody responses in infants are reduced 
compared to older children. Reduced responses among very young children may be related to 
a combination of immaturity of the immune system and a lower degree of priming. 


When compared with younger adults, the proportions of elderly subjects who achieve a 
putative protective HI antibody titer are lower. Both age and underlying conditions may 
contribute to these lowered responses. Unlike children, the administration of a second dose of 
vaccine in elders is not associated with improved responses. In some studies, the history of 
multiple prior vaccinations was better correlated to reduce vaccine responses than was age.°° 
While the dose-response curve for seasonal influenza vaccine is rather flat, the administration 
of a fourfold higher dose (60 pg/HA) is associated with an improved serum HI response in 


elders and higher levels of antibody to the NA. The high-dose vaccine is licensed in the 
United States for use in adults over 65. 


The MF59 adjuvant is also associated with improved antibody responses in older adults. 
While there is relatively little effect on the immune response to seasonal vaccines in healthy 
young adults, the oil-in-water emulsion results in an approximately 50% increase in antibody 
titers in older adults, and MF59 adjuvanted seasonal inactivated vaccines have been licensed 
for use in elders in Italy for several years. Recently, MF59 adjuvanted standard-dose 
inactivated vaccine was licensed for elders in the United States based on studies showing 
noninferiority of the immune response to that of standard-dose inactivated vaccine. 


Individuals on immunosuppressive therapy, those with renal disease, and transplant 
recipients have impaired responses to vaccination. To be maximally effective, immunizations 
should be given before transplantation, should avoid the nadir of white counts, and should 
include vaccination of close contacts. Factors impacting the response in stem cell transplant 
recipients include the type of transplant, the time since transplantation, the use of 
myeloablative therapy as opposed to reduced intensity, the presence of graft versus host 
disease, and the specific immunosuppressive chemotherapy being used. In both allogeneic 
HSCT recipients and SOT types of transplant recipients, there is concern regarding whether 
the immune stimulus of vaccination, with or without an adjuvant, might nonspecifically 
stimulate increased severity of graft versus host disease or organ rejection. However, the 
weight of evidence does not support a significant association between vaccination and the 
development of autoimmune adverse events. 


Live Attenuated Influenza Vaccines 


Studies of the immunogenicity of cold-adapted reassortant vaccines have been carried out in 
children, adults, and older adults. The results of these studies are consistent with the 
hypothesis that the replication of cold-adapted vaccines in the upper respiratory tract, and 
hence their immunogenicity, is influenced by the susceptibility of the host at the time of 
vaccination. The frequency and magnitude of immune responses to vaccination are therefore 
highest in young children, intermediate in adults, and lowest in older adult subjects who have 
been repeatedly infected with influenza viruses throughout their lifetime. In addition, the 
mucosally administered LAIV is generally more effective than parenterally administered ITV 
at inducing nasal HA-specific IgA, whereas inactivated vaccine usually induces higher serum 
titers of HI and HA-specific IgG antibody. 


Most susceptible children demonstrate measurable serum and mucosal HA-specific 
antibody responses. Mucosal responses have been demonstrated in up to 85% of young 
children after LATV. In contrast, adults generally have a low rate of serum antibody response 
after LAIV and relatively lower rates of mucosal responses. Even in those prescreened to 
have low prevaccination vaccine-specific influenza antibody, the rates of serum antibody 
responses to intranasal LATV in adults and older adults are low. Influenza-specific IgA and 
IgG antibody-secreting cells (ASC) peak on days 7 to 12 after either LATV or ITV in both 
adults and older children and may be a more sensitive indicator of vaccine take after LAIV 


than antibody response. Influenza-specific interferon-gamma (IFNy) producing CD4+ and 
CD8+ lymphocytes have also been detected following both LATV or ITV. 


The mechanism of protection induced by cold-adapted vaccine has mostly been evaluated 
in experimental infection studies. Cold-adapted vaccine is protective in these experiments in 
the absence of significant serum HI responses, suggesting that the main protective effect is 
induction of mucosal antibodies. Finally, an analysis of data collected during a large field 
trial evaluation of LAIV concluded that the postvaccination numbers of influenza virus— 
specific IFNy producing T cells was the best correlate of vaccine-induced protection.*! 
However, no definitive correlate of immune protection afforded by LAIV has been identified. 


Efficacy (Results of Randomized Prospective Studies) 


The ability of influenza vaccines to prevent influenza has been assessed in numerous clinical 
studies which vary greatly in design, populations, and endpoints. These studies have included 
prospective, randomized controlled studies, in which case they are referred to as efficacy 
studies, as well as a wide variety of nonrandomized cohort and retrospective study designs 
which assess vaccine effectiveness. Endpoints evaluated in these studies have included both 
laboratory confirmed influenza and nonlaboratory confirmed respiratory illnesses. In this 
regard, it has been recognized that studies that utilize a serologic definition of influenza 
infection may overestimate the efficacy of influenza vaccine, since it will be harder to 


demonstrate postvaccination to postseason antibody increases in the vaccinated group.!!° 


Intramuscular Protein Vaccines 


Randomized studies of inactivated vaccine efficacy against laboratory confirmed influenza 
have mostly been conducted in healthy adults. These studies have shown a wide range of 
efficacy, from approximately 40% to 80%, with lower levels of efficacy typically seen in 
years with apparent antigenic mismatch. For example, the efficacy of ITV for preventing 
culture-proven influenza A illness in adults was 76% (95% confidence interval [CI], 58%-— 
87%) for H1N1 and 74% (95% CI, 52%-86%) for H3N2 in a controlled trial comparing live 
and inactivated vaccines.*’ Vaccination of adults is also associated with decreased 
absenteeism from work or school and is significantly cost-effective, but these benefits may 
not be seen in years when there is not a good match between vaccine and circulating viruses. 


A recent meta-analysis of eight randomized, controlled trials in healthy adults during 
2004 to 2008 estimated the pooled efficacy of trivalent inactivated vaccine (TIV) against 
culture-confirmed influenza to be 59% (95% CI, 51%-—67%) among those aged 18 through 64 
years.!°8 The role of antigenic mismatch in the efficacy observed in these trials is unclear, 
and some studies in young adults have demonstrated high levels of efficacy despite a degree 
of antigenic mismatch. Recent studies using virus culture and/or PCR endpoints have 
demonstrated similar levels of efficacy for both egg-grown 78% and cell culture-grown TIVs 
(84%). The protective efficacy of the recombinant HA vaccine in healthy adults was 
approximately 47% in healthy adults in a study done in a single season with significant 


antigenic mismatch. 


Although annual vaccination of elders and other high-risk persons has been 
recommended for many years, there are few randomized trials demonstrating absolute 
efficacy in these groups, in part because the existing vaccine recommendations make it 
difficult to do studies using a placebo group. In the most commonly referenced study, TIV 
was 52% (95% CI, 29%-67%) efficacious in preventing serologically documented influenza 
illness in a population of adults 60 years of age and older.** When the groups were further 
stratified by age, efficacy estimates against serologically documented influenza illness were 
57% (95% CI, 33%—72%) in those 60 through 69 years and 23% (95% CI, 51%-61%) in 
those >70 years old. However, interpretation of this study is complicated by the use of 
postvaccination to postseason serologic response as definition of infection. 


Using higher doses of vaccine induces a stronger antibody response in older subjects, and 
in a large randomized study, the relative efficacy of high-dose vaccine was 24% compared to 
standard-dose vaccine,** with reductions in small numbers of more severe endpoints as well. 
As described earlier, recombinant HA vaccine is also administered at a higher HA dose than 
standard-dose egg-vaccine and was also shown to have approximately 30% improved 
efficacy compared to standard-dose egg vaccine during a season with substantial H3N2 
vaccine mismatch.*° Standard-dose inactivated vaccine has been shown to be protective in 
limited studies in other high-risk groups, including those with HIV infection. 


Relatively few prospective trials have assessed inactivated vaccine efficacy in children. 
In one randomized, controlled trial in healthy children aged 6 through 23 months, vaccine 
efficacy was 66% (95% CI, 34%-—82%) in the Ist year, but efficacy could not be assessed in 
the 2nd year due to a very low influenza attack rate. In an early efficacy study comparing 
LAIV and TIV over 5 years in children, ITV-3 had 77% efficacy against culture-confirmed 
H3 and 91% efficacy against H1. In a large field trial conducted at multiple international sites 
in children 3 to 8 years old, ITV-4 was shown to have efficacy of 59% in prevention of PCR- 
confirmed influenza and 74% efficacy against moderate to severe influenza. 


Two large studies have evaluated the addition of MF59 to inactivated vaccine in children. 
In the first randomized placebo-controlled study done in children 6 to 72 months of age, the 
efficacy of IITV-3 against PCR-confirmed influenza was 43% and that of the MF59 
adjuvanted vaccine was 86%. In a second study done in a population in which most children 
had previously been vaccinated, MF59 adjuvanted vaccine efficacy was similar to that of 
unadjuvanted vaccine in the entire study population but was 31% better than standard 
vaccine in the subpopulation 6 to 23 months of age,!°! consistent with observations of greater 
adjuvant effect in immunologically naive populations. 


Live Attenuated Influenza Vaccine 


LAIV was demonstrated to be efficacious in the prevention of influenza in a 2-year, 
randomized, placebo-controlled trial conducted in 1,314 children 15 to 74 months of age. 
Efficacy against culture-confirmed influenza illness in the 1st year of this trial was 95% 


against influenza A/H3N2 and 91% against influenza B. In the 2nd year of the trial, the H3 
component of the vaccine (A/Wuhan/93) was not a close match with the predominant H3 
virus that season, A/Sydney/95. However, the efficacy of LAIV against this variant was 86% 
(95% CI, 75%-92%),’ suggesting that LAIV can induce protective immunity against drift 
variants. Overall, the efficacy of LAIV to prevent any influenza illness during the 2-year 
period of surveillance in this field study was 92% (95% CI, 88%—94%). The overall efficacy 
of LAIV against culture-confirmed influenza among children 6 to less than 36 months who 
were attending day care was shown to be 85% and 89% in the 1st and 2nd year of the study, 
respectively. Studies done in Asia have reached similar conclusions, with an efficacy of 
LAIV compared to placebo of between 64% and 84% over multiple seasons, depending on 
the antigenic match with the vaccine. 


Relatively, few placebo-controlled trials of the efficacy of LAIV have been conducted in 
adults. In the human challenge model, cold-adapted and ITVs were of approximately equal 
efficacy in prevention of experimentally induced influenza A (H1N1), A (H3N2), and B. The 
combined efficacy in preventing laboratory-documented influenza illness due to the three 
wild-type influenza strains was 85% for LAIV. In a randomized, controlled study in healthy 
persons aged 1 through 64 years, of whom most of the participants were adults, the efficacy 
of a prelicensure, bivalent preparation of LAIV for preventing culture-confirmed influenza A 
illness in adults was 85% (95% CI, 70%-—92%) for H1N1 and 58% (95% CI, 29%-—75%) for 
H3N2. LAIV was also evaluated in a large study against clinical endpoints performed in 
4,561 healthy working adults. In this study, the effectiveness of LAIV in preventing severe 
febrile respiratory illness of any cause during the influenza season was 29%. 


Effectiveness (Results of Observational Studies) 


Many recent studies have utilized a test-negative, case-control design, in which individuals 
meeting a particular case definition are tested for influenza using a highly sensitive and 
specific diagnostic test, and the vaccination exposure of test-positive cases and test-negative 
controls is determined. Large surveillance networks have been established in Canada, the 
United States, Europe, and Australia for purposes of making interim and end-of-season 
estimates of vaccine effectiveness. Studies using this design have shown variable results with 
estimates generally ranging from as low as 20%, or in some cases, no effectiveness, to as 
high as 60% to 70%. Updated results of vaccine effectiveness studies in the United States are 
available at https://www.cdc.gov/flu/professionals/vaccination/effectiveness-studies.htm. 


While the various networks vary in their study design and the specific selection criteria 
for subject inclusion, a few overall generalizations can be stated. Failure to detect vaccine 
effectiveness has typically occurred in studies with very low prevalence of influenza in the 
study population, or in years with substantial antigenic mismatch between the vaccine and 
circulating strains but even in situations of antigenically matched viruses, vaccine 
effectiveness remains in the 50% to 60% range. In some cases, these viruses have been 
shown to have substantial changes on a HA sequence level despite appearing well matched 
by traditional HI tests. 


Most studies have not enrolled enough subjects in a single season to make age-specific 
estimates of vaccine effectiveness. However, there is a trend toward decreased vaccine 
effectiveness in elderly, not surprising given their diminished immune response to 
vaccination. After accumulating cases over several seasons, it is possible to use the same test- 
negative case-control design to demonstrate vaccine effectiveness of approximately 60% 
against influenza-related hospitalization in a population of community-dwelling older adults. 
Among hospitalized patients, vaccinated individuals have lower rates of ICU admission and 
in-hospital deaths. 


The ability to compare the effectiveness of different vaccines using observational 
approaches depends on the extent to which various vaccines are being used in the study 
population, so complete information is not always available. In a cohort study based on 
Medicare beneficiary data in the United States, the use of high-dose vaccine was associated 
with a significantly greater reduction in influenza-related deaths among seniors in a year in 
which H3N2 viruses predominated, but not in a year of primarily A(H1N1)pdm09 virus.!*° 
In a case—control study among elderly individuals in Canada, MF-59 adjuvanted vaccine also 


appeared to be more effective than standard-dose unadjuvanted vaccine. “© 


Effects of Prior Vaccination 


Recent studies of influenza vaccine effectiveness using the test-negative design, as well as 
other study designs, have suggested that vaccine effectiveness is decreased in those who are 
yearly vaccine recipients, compared to those who receive vaccine for the first time this year. 
These findings would be consistent with very early observations made in a boy’s boarding 
school, referred to as the “Hoskins effect.” However, not all studies have shown a negative 
effect of prior vaccination. The effects seem to be greatest when this season and the previous 
season vaccine components are similar to each other but the circulating virus is a 


mismatch. !28 


The immunologic mechanisms that might be responsible for the negative effects of prior 
vaccination are not known. Individuals with higher prevaccination antibody levels tend to 
have lower magnitude responses to vaccination although still typically achieving very high 
levels of antibody. Prior vaccination might result in memory responses that preferentially 
recognize shared epitopes and not new epitopes that are present in antigenically drifted 


viruses, representing a form of back boosting.°” 
Because at least one component of the vaccine changes each year, there is not practical 
solution to influenza control using current vaccine strategies other than annual vaccination. 


Further research to understand the magnitude and mechanisms of putative negative effects of 
prior vaccination will clearly be important in improving influenza control. 


Comparisons of Live and Inactivated Vaccines 


While relatively few randomized direct comparisons of the efficacy of live and inactivated 
vaccines have been performed, the available studies are consistent with the observed effects 


of age and prior influenza experience on immunogenicity. When these vaccines have been 
compared in young children 12 months through 59 months of age, LAIV has shown 
consistently superior protection, with an approximately 50% greater protective efficacy than 
inactivated vaccine. 


In contrast, studies that directly compared the vaccines in adults have suggested that the 
vaccines have similar efficacy or that ITV is slightly more efficacious than live vaccine. In 
one three-armed study, the efficacy of LAIV compared to placebo for prevention of 
laboratory-confirmed influenza in healthy adults was 57%, while the efficacy of the ITV was 
77%, but the difference between the two vaccines was not statistically significant. In a 
subsequent season in the same population, the absolute efficacies of ITV and LAIV were 68% 
and 36%, respectively. In an effectiveness assessment in the US military, the effectiveness of 
ITV against medical visits for pneumonia or other influenza-related diagnoses was higher 
than that of LAIV, except for personnel who had not been vaccinated in previous years. 


When the H1N1 component of LAIV was replaced by a virus with the HA and NA of an 
A/California/O09 virus following the pandemic, there was a substantial decrease in 
effectiveness of LAIV, particularly against H1N1.'° This poor effectiveness was repeatedly 
demonstrated in the United States and to a lesser extent in other countries. The reasons for 
the diminished effectiveness of this formulation are not completely known but may be related 
to the replication fitness of the specific H1N1 virus, increasing levels of background 
immunity in the vaccinated population, or other factors. However, as a result, use of LAIV in 
the United States was not recommended by the Advisory Committee on Immunization 
Practices (ACIP) for several years. Subsequently, the H1N1 component has been updated 
with a virus (A/Slovenia/2093/2015) that appears to generate stronger immune responses, 
and use of LAIV has resumed. No information is available regarding the efficacy or 
effectiveness of this new formulation at this time. 


Secondary Protection 


Generally, individuals at the highest risk for influenza complications may also be 
compromised in their ability to respond to vaccination. There has been considerable interest 
in potential strategies to protect such individuals indirectly by preventing illness and viral 
transmission within highly susceptible populations that probably play a role on community 
transmission, such as schoolchildren. Several studies have suggested that this may be 
possible. During the 1968 pandemic, it was observed that the incidence of respiratory illness 
during the period of influenza A circulation among unvaccinated adults was substantially 
lower in a community in which schoolchildren were immunized than in a community with no 
school immunization. Influenza B was not contained in the vaccine, and during a subsequent 
influenza B epidemic, there was no difference in adjusted respiratory illness rates in adults in 
the two communities. In a recent study, closed agricultural communities of Hutterites were 
randomized to vaccination of schoolchildren with influenza vaccine or with hepatitis A 
vaccine as a control. In the subsequent influenza A epidemic, the rate of laboratory- 
documented influenza A in unvaccinated adults residing in school-vaccinated communities 


was reduced by 61% (95% CI, 8%-83%) compared to adults in unvaccinated communities.°4 


Vaccination of children in day care has been reported to reduce the rates of febrile respiratory 
illnesses in unvaccinated household contacts. Observations in Japan, where it appeared that 
substantial fluctuations in overall influenza-related mortality (occurring mostly in the elderly) 
were directly related to the rate of school-age influenza vaccination, also support a potential 
role for school vaccination in protection of elders. A retrospective study conducted in Japan 
demonstrated that universal vaccination of schoolchildren reduced the number of class 
cancellation days and absenteeism when compared with years during which the 
immunization program was abandoned. 


A critical target group for vaccination is health care workers. At a minimum, universal 
vaccination of heath care workers will reduce workplace absences and prevent disruptions in 
care. In addition, there is supportive evidence that vaccination of health care workers reduces 
the risk of nosocomial influenza in hospitals. In nursing homes, vaccination of staff reduces 
mortality in residents independently of the vaccination status of the residents themselves. 


Maternal Immunization 


Infants less than 6 months of age are at substantial risk for influenza-related morbidity but 
are too young to receive influenza vaccine. One strategy to protect vulnerable infants is 
maternal immunization, with protection mediated by both transfer of maternal antibody as 
well as reduced potential for contact with an influenza-infected mother. In a multiple 
randomized studies of maternal immunization, infants born to mothers immunized with 
influenza vaccine have had substantially lower rates of laboratory-documented influenza in 
the first 6 months of life than did infants born to mothers immunized with control vaccine.!*8 
Similarly, in a retrospective case-control study, the frequency of influenza immunization was 
substantially lower in the mothers of infants hospitalized with PCR-confirmed influenza than 
in mothers of infants hospitalized who were PCR negative, with an estimated protective 
effect of 92%. 


Recommendations for Vaccine Use 


Current US recommendations are for routine annual influenza vaccination of all individuals 
aged 6 months and above. Ideally, vaccine should be administered by October, but later 
vaccination can still be beneficial if the seasonal epidemic has not yet occurred. 
Recommendations for influenza vaccine in the United Sates are updated annually by the 


Centers for Disease Control and Prevention.*° 


Vaccines for Pandemic Influenza 


As described earlier, there have been multiple observations of human infection with avian or 
swine influenza viruses with novel HA and/or NA subtypes, and there continues to be 
concern regarding the potential of such viruses to acquire the ability to transmit efficiently 
from person to person and result in the next human influenza pandemic. In addition to active 


ongoing surveillance, there have been substantial efforts to prepare for such a pandemic by 
developing potential pandemic vaccines in advance. Because seasonal vaccines are licensed 
for use in all age groups and have substantial evidence of safety and efficacy, pandemic 
preparedness efforts have generally focused on development of pandemic formulations of 
seasonal vaccines, including inactivated and live varieties. Several of these have undergone 
advanced clinical development and have been licensed or approved for emergency use based 
on a favorable safety and immunogenicity profile. 


A large number of inactivated H5 and H7 vaccines have been developed and tested in 
humans. These vaccines have included egg-derived, cell culture-grown, and recombinant HA 
vaccines similar to the approaches taken for seasonal influenza. Extensive clinical trials have 
generally shown that these vaccines are well tolerated but, when administered without an 
adjuvant, poorly immunogenic. Generation of potentially protective immunity, as measured 
by serum HI and neutralizing antibody responses, requires a two-dose schedule and the use 
of doses substantially higher than those used for seasonal vaccines. When responses are seen, 
they are typically limited in breadth and predominantly focused on the homologous antigen. 
Limited studies of whole virion vaccines have suggested slight improvements in 
immunogenicity. 


Oil-in-water emulsions such as MF59 and ASO3 have allowed much lower doses of 
pandemic vaccines to be used successfully. With these adjuvants, substantial immune 
responses have been seen at doses as low as 3.75 pg of antigen, compared to the need to use 
A5 or 90 pg of unadjuvanted vaccine, allowing for the generation of a much larger supply of 
vaccine in the event of a pandemic. In addition, responses after adjuvanted vaccine are 
typically more broad, with higher titers of antibody recognizing antigenic variants of the 
vaccine subtype. A number of other adjuvants have also been tested with pandemic vaccines 
and also show effective improvement in response. Limited studies have suggested that the 
use of an adjuvant is much more important with the first dose of vaccine. However, even with 
adjuvants, inactivated pandemic vaccination will likely require a two-dose schedule, 
imposing significant operational challenges to a pandemic response. 


Despite the relatively poor immunogenicity of these vaccines, multiple studies have 
shown that even unadjuvanted pandemic vaccines may induce long-lasting immune memory, 
demonstrated by vigorous responses to subsequent booster doses many years later. Such 
responses can be demonstrated even in subjects who did not respond to the primary series. 
These studies have also suggested that priming and boosting with antigenically variant HAs 
can also generate strong responses to revaccination. Hence, prepandemic priming,‘ 
potentially limited to high-risk groups, could be considered to prepare for a possible HSN1 
pandemic. 


Live attenuated pandemic vaccines have also been evaluated in clinical trials. Evaluation 
of pandemic live vaccines is complicated by the concerns regarding potential transmission of 
the vaccine virus, possible reassortment with cocirculating human influenza viruses, and 
potential generation of virulent human viruses with novel HA or NA surface proteins. 
Therefore, these studies have been conducted under isolation conditions to prevent possible 


transmission outside the study and consequently have been somewhat limited in size. 


Surprisingly, all of these studies have shown very limited replication of the pandemic 
vaccine viruses on either the A/Ann Arbor or the A/Leningrad backbone. Vaccine virus 
shedding occurs in a minority of susceptible recipients and, when it is detected, is almost 
invariably of limited magnitude and short duration. Because immune correlates of protection 
afforded by seasonal live vaccines have not been determined, it is not possible to draw 
definitive conclusions regarding the relevant immunogenicity of pandemic formulations of 
these vaccines. However, measurable serum or mucosal immune responses occur rarely. 


Similar to the findings with inactivated vaccines, pandemic formulations of LAIV appear 
to induce long-lasting immune memory despite the lack of measureable immune response to 
the initial immunization.!'*!*! These observations have caused some to suggest that the most 
effective use of vaccines for pandemic control would be prepandemic vaccination, in which 
the population would be vaccinated with a prototypic H5, H7, or other threat subtypes prior 
to a pandemic, and then boosted with an antigenically matched virus should a pandemic 
occur. 


Strategies for More Broadly Protective Vaccines 


For a variety of reasons previously outlined, there is considerable interest in the development 
of influenza vaccine approaches that could generate more broadly protective immunity, 
potentially providing protection against multiple antigenic variants within a subtype or 
possibly even providing protection against multiple subtypes. Several approaches have 
emerged in pursuit of this goal (for a recent review, see Reference28) 


In contrast to the globular head of the HA, the stalk, or HA2 region, remains relatively 
conserved from season to season. Stalk-directed antibody or stalk-reactive B cells are seen 
most frequently when individuals are exposed to a novel influenza virus, such as after 
infection with H5N1 or A(H1N1)pdm09 viruses in 2009. Stalk-specific antibodies are 
capable of mediating virus neutralization by inhibiting HA-mediated fusion. In addition, 
these antibodies can mediate antibody-dependent cellular cytotoxicity. Therefore 
development of vaccines to induce stalk antibodies is one of the prime strategies for more 
broadly protective vaccines. Both chimeric approaches, where several doses of a vaccine in 
which the HA1 domain is derived from a novel subtype, and the stalk remain the same, and 
stalk-only constructs are in development. 


The influenza NA has also been explored as a potential target for more broadly protective 
vaccines. The rate at which mutations accumulate in the NA appears to be less than that in 
the HA, suggesting that vaccines that induced substantial NA-specific immunity would 
continue to provide protection against drifted viruses and would need updating less often 
than HA-centric vaccines. 


The third envelope protein, the M2, has also been identified as a potential target since the 
extracellular domain (M2e) is fairly well conserved among human influenza A viruses. The 
mechanism of protection by M2e antibodies also involves antibody-dependent cellular 


cytotoxicity in M2e antibody—mediated protection. Multiple platforms have been used to 
induce antibody specific for M2e, which have induced variable levels of M2e antibodies in 
humans. 


Vaccines designed primarily to elicit cellular antibodies often contain mixtures of 
peptides computationally identified as cellular target epitopes. Immunization of humans with 
a mixture of linear peptides has been reported to induce cellular immunity and prime for 
subsequent vaccine responses. Such epitopes could be delivered by mixtures of peptides or 
by live viral vectors, such as vaccinia. Virus-like particles and gamma-irradiated whole virus 
have also been evaluated for their ability to induce cellular immune responses. 


PERSPECTIVES 


Over the last decade, we have witnessed several important developments in influenza 
virology. HPAI viruses, which in the past caused transient, local outbreaks, have now 
expanded their geographic range and become enzootic in parts of Asia and the Middle East, 
with frequent introductions into Europe. In several studies, recombinant H5 viruses have 
been shown to acquire respiratory droplet transmissibility in ferrets; based on these results, 
the pandemic potential of these viruses should not be discounted. In 2013, novel influenza 
viruses of the H7N9 subtype emerged in China and have caused greater than 1,500 human 
infections with a case fatality rate of approximately 40%. The recent poultry vaccination 
campaigns in China may have controlled this outbreak. The last decade has also seen major 
efforts to improve influenza vaccine efficacy including the development of broadly protective 
“universal”) vaccines; several concepts are being pursued, and first candidates are now 
being tested in clinical trials. Moreover, we have witnessed the development and approval for 
human use of a novel class of antivirals to influenza, that is, inhibitors of the viral 
polymerase complex. While progress has been made in several areas of influenza virus 
research, key questions remain: How can we better predict the pandemic potential of newly 
emerging influenza viruses? And how can we better understand the antigenic evolution of 
human influenza viruses, so that vaccines can be ready before appreciable numbers of people 
get sick? 
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INTRODUCTION 


The Bunyavirales order includes 12 families of single-strand RNA viruses with genomes that 
are typically composed of two or three (but sometimes even up to eight) segments with 
negative sense or ambisense coding strategies. The families are Arenaviridae, Cruliviridae, 
Fimoviridae, Hantaviridae, Leishbuviridae, Mypoviridae, Nairoviridae, Peribunyaviridae, 


Phasmaviridae, Phenuiviridae, Tospoviridae, and Wupedeviridae families. This large and 
diverse group of viruses, generically termed “bunyaviruses,” infect a broad range of natural 
hosts including mammals, reptiles, birds, plants, and arthropods. Certain bunyaviruses are 
pathogenic for humans, but most are not known to infect or cause disease in humans. 
Bunyaviruses have numerous characteristics consistent with those required for emerging 
pathogens, such as error-prone polymerases, segmented genomes, persistent infection cycles 
in the vector organism, and widespread host distribution, which provide opportunities for 
genetic drift and shift and spillover to new hosts. In this chapter, we describe characteristics 
of the four traditional virus families within the Bunyavirales order that include important 
human pathogens. We briefly describe characteristics of the other families, with the 
exception of the Family Arenaviridae, which is addressed in a separate chapter. 


HISTORY AND CLASSIFICATION 


The order takes its name from Bunyamwera virus (BUNV), which was isolated originally 


from Aedes mosquitoes in the Semliki Forest, Uganda, during a yellow fever study in 1943" 
and which was subsequently associated with a mild febrile illness in humans known as 
Bunyamwera fever. BUNV is the prototype of the order, and remains an important research 


. : . 106 247 
model; it was the first bunyavirus whose genome was completely sequenced, » and was 


the first segmented genome negative-sense RNA virus that was generated entirely from 
54 367 : . . : 
cloned DNA. ° From these beginnings, the Bunyavirales order now contains 


approximately 500 named viruses aligned to almost 300 species and as such is one of the 
largest of all virus taxonomic groupings. 


At the time of the isolation of BUNV, arboviruses were categorized according to their 
serological characteristics, which led to the establishment of classical arbovirus groups A, B 
and C. While viruses within groups A and B were later included in the Flaviviridae and 


a ' ; ' . 294 
Togaviridae families, further virus discovery along with detailed serological analyses led to 
; ; ; 6, 
the expansion of group C arboviruses into the Bunyamwera supergroup, which consisted of 
. . ‘ : 61 
viruses that could be linked by repeatable serologic cross-reactions. 


The family Bunyaviridae was formally established in 1975, and in 1980 the 
International Committee on Taxonomy of Viruses (ICTV) approved the creation of the 
Bunyavirus genus, along with Uukuvirus, Phlebovirus, and Nairovirus genera that contained 


viruses morphologically and biochemically similar but antigenically distinct. The discovery 
of a novel group of rodent-borne viruses and another group of plant-infecting viruses with 
conforming molecular properties, respectively, led to the creation of the Hantavirus genus in 
1985, and the Tospovirus genus in 1991, and in the same year, further studies demonstrated a 
close biochemical similarity between uukuviruses and phleboviruses, resulting in their 
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combination into the Phlebovirus genus. The Bunyavirus genus was _ renamed 
Orthobunyavirus in 1995, to provide distinction between members of the respective genus 
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and family taxa, and thus a taxonomic structure with five distinctive genera was 
established. 


Assignment of species to one of these genera was based upon multiple factors; a lack of 
serologic cross-reactivity with members of other genera, the patterns of sizes of virion 
proteins (Table 16.1) and genome segments (Table 16.2), gene expression strategy (Fig. 
16.1), and conserved terminal nucleotide sequences of the genomic RNAs (Table 16.3). 


TABLE 16.1 Representative sizes of viral structural proteins from 
within selected families of the Bunyavirales order 


TABLE 16.2 Representative sizes of the L, M and S genome segments 
from within selected families of the Bunyavirales order 


L 6.9 65 12.2 6.4 8.9 
M 45 3.6 5.3 3.5 4.8 
S 1.0 AS ey 5 Wy, 29. 


Total 12.4 11.8 19.2 11.6 16.6 
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FIGURE 16.1 Coding strategies of bunyavirus genome segments. Genomic 
RNAs are represented by thin lines (the length in nucleotides is given above each 
segment) and the mRNAs are shown as arrows (@™ indicates host-derived 
sequences at 5’ end). Gene products, with their apparent M,, are represented by 
colored boxes. BUNV, Bunyamwera orthobunyavirus; CCHFV, Crimean—Congo 
hemorrhagic fever nairovirus; HTNV, Hantaan hantavirus; RVFV, Rift Valley 
fever phlebovirus; TSWV, tomato spotted wilt tospovirus. In the CCHFV M 
segment, mucin represents the mucin-like region. 


TABLE 16.3 Consensus 3’ and 5’ terminal nucleotide sequences of 


genome RNAs of representative viruses from within selected families of 
the Bunyavirales order 


Peribunyaviridae (Orthobunyavirus genus) 3’ UCAUCACAUGA ... ... UCGUGUGAUGA 5’ 
Hantaviridae (Orthohantavirus genus) 3’ AUCAUCAUCUG ... ... ... . AUGAUGAU 5’ 
Nairoviridae (Orthonairovirus genus) BU AGAGUUUGUe ox csoscesunies AGAAACUCU 5’ 
Phenuiviridae (Phlebovirus genus) 3’ UGUGUUUCT ... ............. .GAAACACA 5’ 
Tospoviridae 3’ UCUCGUUAG ... ...... ... CUAACGAGA 5’ 


However, both further virus isolations as well as implementation of large-scale meta- 
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transcriptomic sequencing projects °» ° have dramatically increased the membership of 
the family, and revealed the previously unseen scope of bunyaviral genetic diversity. A 
measure of this diversity is that the previous and defining bunyavirus characteristic of a 
trisegmented, single-stranded RNA genome of negative- or ambisense polarity is no longer a 
distinctive property shared by all members of this order, with members of the newly- 
incorporated Tenuivirus genus (Phenuiviridae family) possessing up to 6 RNA segments, and 
members of the Emaravirus genus (Fimoviridae family) possessing up to eight. Instead, 
taxonomic assignments can be made solely based on viral nucleotide sequences, and in the 
case of bunyaviruses, their current phylogeny is primarily based on the sequence of 
conserved motifs within the viral RNA dependent RNA polymerase (RdRp). It should be 
noted that many of these newly classified viruses have not been isolated, and thus 
biochemical and molecular characteristics, as well as information about their natural history 
and pathogenesis are as yet unknown. 


Consequently, in 2016, the ICTV Bunyaviridae study group initiated a taxonomic 
revision to incorporate the many unclassified bunyavirus-like species that could not be 
assimilated within the established five genera scheme, and to place all related viruses within 
a new high level overarching taxon, namely the Bunyavirales order. This involved the 
renaming and expansion of previous genera into family taxa, creation of four additional 
families containing newly identified species with invertebrate and plant hosts, as well as 


inclusion of the Arenaviridae family. Of these 12 families, 5 represent vertebrate-infecting 
bunyaviruses: the MHantaviridae, Nairoviridae, Peribunyaviridae, Phenuiviridae, and 
Arenaviridae families. The first four of these will be discussed in this chapter, as these 
groupings contain the vast majority of bunyavirales members for which molecular and 
biochemical information has been gathered. For historical reasons, the Arenaviridae family 
will be discussed separately in chapter 18. 


These taxonomic assignments should be regarded as being in a state of flux. 
Implementation of further large-scale sequencing projects involving diverse vertebrate, 
invertebrate, and plant hosts will aid in deciphering the complex evolutionary relationships 


between the bunyaviruses to fill the gaps that currently exist in the phylogenetic tree, and it is 
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certain that further changes will be made to their taxonomy. » ° ° 


Table 16.4 lists notable members in the families within the Bunyavirales order and 
includes the traditional bunyaviruses. A brief description of the genera within the four 
families follows. 


- Orthobunyavirus 


Acara virus 


Akabane virus 


Alajuela virus 
Anopheles A virus 
Anopheles B virus 
Bakau virus 
Batama virus 


Benevides virus 


Bertioga virus 


Bimiti virus 
Botambi virus 


Bunyamwera virus 


Bushbush virus 


Bwamba virus 


California encephalitis 


virus 


Capim virus 


Caraparu virus 


Acara virus 


Akabane virus 


Alajuela virus 
Anopheles A virus 
Anopheles B virus 
Bakau virus 
Batama virus 
Benevides virus 
Bertioga virus 
Bimiti virus 
Botambi virus 


Bunyamwera virus 


Batai virus 


Cache Valley virus 
Fort Sherman virus 
Germiston virus 
llesha virus 

Ngari virus 
Shokwe virus 
Xingu virus 
Bushbush virus 
Bwamba virus 
Pongola virus 


California encephalitis 
virus 


Inkoo virus 

Jamestown Canyon virus 
La Crosse virus 

Lumbo virus 

Snowshoe hare virus 
Tahyna virus 

Capim virus 

Caraparu virus 


Apeu virus 


SA/NA 


Africa, Asia, 


Australia 


NA 
SA 
SA 
Asia 
Africa 


SA 


SA 

SA 

Africa 

Africa 

Asia, Europe 
NA 


SA 
Africa 


Africa 
Africa 
Africa 
SA 


SA 


Africa 
Africa 
NA 


Europe 
NA 
NA 


Africa 
NA 


Europe 
SA 
SA, NA 
SA 


Mosquitoes 


Mosquitoes, culicoid Cattle 


flies 

Mosquitoes 
Mosquitoes 
Mosquitoes 
Mosquitoes 
N.D. 

Mosquitoes 
N.D. 

Mosquitoes 
Mosquitoes 
Mosquitoes 
Mosquitoes 
Mosquitoes 
Mosquitoes 
Mosquitoes 
Mosquitoes 
Mosquitoes 
Mosquitoes 
Mosquitoes 
Mosquitoes 
Mosquitoes 
Mosquitoes 


Mosquitoes 


Mosquitoes 
Mosquitoes 
Mosquitoes 
Mosquitoes 
Mosquitoes 
Mosquitoes 
Mosquitoes 
Mosquitoes 
Mosquitoes 


Human 


Human 


Sheep, Cattle, Human 

Human 
Human 
Human 
Human 
Human 


Human 


Human 


Human 


Human 


Human 


Human 


Human 


Human 


Human 


Human 


Human 


Human 


Catu virus 
Estero Real virus 
Gamboa virus 
Guajara virus 
Guama virus 
Guaroa virus 
Kairi virus 
Kaeng Khoi virus 
Koongol virus 
Madrid virus 


Main Drain virus 


Manzanilla virus 


Marituba virus 


Minatitlan virus 
M’Poko virus 
Nyando virus 
Olifantsvlei virus 


Oriboca virus 


Oropouche virus 


Patois virus 


Schmallenberg virus 


Simbu virus 
Shuni virus 


Tacaiuma virus 


Tete virus 


Thimiri virus 
Timboteua virus 
Turlock virus 
Wyeomyia virus 


Zegla virus 


Ossa virus 

Catu virus 
Estero Real virus 
Gamboa virus 
Guajara virus 
Guama virus 
Guaroa virus 
Kairi virus 
Kaeng Khoi virus 
Koongol virus 
Madrid virus 


Main Drain virus 


Ingwavuma virus 
Marituba virus 
Murutucu virus 
Nepuyo virus 
Restan virus 
Minatitlan virus 
M'Poko virus 
Nyando virus 
Olifantsvlei virus 
Oriboca virus 
Itaqui virus 


Oropouche virus 


Patois virus 


Schmallenberg virus 


Sathuperi virus 


Shamonda virus 


Simbu virus 


Shuni virus 


Tacaiuma virus 
Tete virus 
Weldona virus 
Thimiri virus 


Timboteua virus 


Turlock virus 


Wyeomyia virus 


Zegla virus 


NA 
SA, NA 
SA, NA 
SA, NA 
SA 


Asia 


Australia 
NA 
NA 


Africa, Asia 
SA 

SA 

SA, NA 
SA 

NA 
Africa 
Africa 
Africa 
SA 

SA 

SA 


NA 
Europe 
Africa, Asia 


Africa 


Africa 


Africa 


SA 

Africa 

NA 

Africa, Asia 
SA 

NA, SA 

SA 

NA 


Mosquitoes 
Mosquitoes 
Ticks 
Mosquitoes 
Mosquitoes 
Mosquitoes 
Mosquitoes 
Mosquitoes 
Nest bugs 
Mosquitoes 
Mosquitoes 


Mosquitoes, culicoid 
flies 


Mosquitoes 


Mosquitoes 
Mosquitoes 
Mosquitoes 
Mosquitoes 
Mosquitoes 
Mosquitoes 
Mosquitoes 
Mosquitoes 
Mosquitoes 
Mosquitoes 


Mosquitoes, culicoid 
flies 


Mosquitoes 
Culicoid flies 


Mosquitoes, culicoid 


| flies 


Culicoid flies 


Mosquitoes, culicoid 


flies 


Mosquitoes, culicoid 


flies 
Mosquitoes 
N.D. 


culicoid flies 


N.D. 


Mosquitoes 
Mosquitoes 
Mosquitoes 
N.D. 


Human 


Human 


Horse 


Human 


Horse 


Pig 

Human 
Human 
Human 


Human 


Human 


Human 


Human 


Human 


Sheep, cattle 


Human 


Human 


- Orthohantavirus 


Andes virus 


Bayou virus 

Black Creek Canal virus 
Cano Delgadito virus 
Dobrava-Belgrade virus 


El Moro Canyon virus 
Hantaan virus 


Isla Vista virus 


Khabarovsk virus 


Laguna Negra virus 
Muleshoe virus 
New York virus 


Prospect Hill virus 


Puumala virus 


Rio Mamore virus 
Rio Segundo virus 
Saaremaa virus 
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Tula virus 
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Bermejo virus 
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Maciel virus 
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Bayou virus 
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Rio Mamore virus 
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Seoul virus 
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Sin Nombre virus 


Thailand virus 
Thottapalayam virus 
Topografov virus 


Tula virus 


SA 


SA 
SA 


SA 


SA 


SA 


NA 
NA 
SA 
Europe 
NA 


Asia 


NA 
Asia 


SA 


NA 


NA 
NA 


NA 


Europe, Asia 


SA 
NA, SA 


Europe 


Worldwide 


NA 


NA 


NA 


Asia 


India 


Asia, Europe 


Europe 


Oligoryzomys 
longicaudatus 


Oligoryzomys 


chacoensis 


Oligoryzomys 
flavescens 


Bolomys obscurus 


Oligoryzomys 
longicaudatus 


Akadon azarae 
Oryzomys palustris 
Sigmodon hispidus 
Sigmodon alstoni 
Apodemus flavicollis 


Reithrodontomys 
megalotis 


Apodemus agrarius 
coreae 


Microtus californicus 


Microtus 
maximowiczii, 
Microtus fortis 
Calomys laucha 


Sigmodon hispidus 


Peromyscus leucopus 


Microtus 
ochrogaster 


Microtus 
pennsylvanicus 


Myodes glareolus 


Oligoryzomys 
microtis 


Reithrodontomys 
mexicanus 


Apodemus agrarius 
agrarius 


Rattus norvegicus 


Peromyscus 
leucopus 


Peromyscus 
maniculatus 


Peromyscus 
maniculatus 


Bandicota indica 
Suncus murinus 
Lemmus sibiricus 


Microtus arvalis, M. 
rossiaemeridionalis 


Human 


Human 


Human 


Human 


Human 


Human 


Human 


Human 


Human 


Human 


Human 


Human 
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Phlebovirus 


Banyangvirus 


Tospovirus 


Crimean-Congo 
hemorrhagic fever virus 


Dera Ghazi Khan virus 


Dugbe virus 


Hughes virus 
Qalyub virus 

Sakhalin virus 
Thiafora virus 
Bujaru virus 


Candiru virus 


Chilibre virus 
Frijoles virus 

Punta Toro virus 

Rift Valley fever virus 
Salehabad virus 


Sandfly fever Naples 
virus 


Uukuniemi virus 
Huaiyangshan 
banyangvirus 

(= Severe fever with 
thrombocytopenia 
syndrome virus) 


Groundnut bud necrosis 
virus 


Groundnut ringspot virus 


Groundnut yellow spot 
virus 


Impatiens necrotic spot 
virus 


Tomato spotted wilt virus 


Watermelon silver mottle 
virus 


Zucchini lethal chlorosis 
virus 


Crimean-Congo 
hemorrhagic fever virus 


Hazara virus 


Dera Ghazi Khan virus 


Dugbe virus 


Nairobi sheep disease 
virus (Ganjam virus) 


Hughes virus 
Qalyub virus 
Sakhalin virus 
Erve virus 
Bujaru virus 
Alenquer virus 
Candiru virus 
Chilibre virus 
Frijoles virus 
Punta Toro virus 
Rift Valley fever virus 
Salehabad virus 


Sandfly fever Naples virus 


Sandfly fever Sicilian virus 
Toscana virus 
Uukuniemi virus 


Severe fever with 
thrombocytopenia 
syndrome virus 


Heartland virus 


Groundnut bud necrosis virus 
(Peanut bud necrosis virus) 


Groundnut ringspot virus 


Groundnut yellow spot 
virus (Peanut yellow spot 
virus) 


Impatiens necrotic spot 
virus 


Tomato spotted wilt virus 


Watermelon silver mottle 
virus 


Zucchini lethal chlorosis 
virus 


Africa, Asia, 
Europe 


Asia 


Asia 


Africa 
Africa, Asia 


NA, SA 


Asia 
Europe 
SA 


SA 
SA 


NA, SA 


Africa 

Asia 

Europe, Africa, 
Asia 

Europe 


Europe 


Europe 


Asia 


USA 
Asia 


SA, Africa 


Asia 


NA, Europe 


Worldwide 


Asia 


SA 


Culicoid flies, ticks 


Ticks 


Ticks 


Ticks 


Ticks, culicoid flies, 
mosquitoes 


Ticks 
Ticks 
Ticks 
N.D. 
N.D. 
N.D. 
N.D. 
Phlebotomines 


Phlebotomines 


Phlebotomines 


Mosquitoes 
Phlebotomines 


Phlebotomines 


Phlebotomines 
Phlebotomines 
Ticks 
Ticks 


Ticks 

Frankliniella schultzei, 
Thrips palmi 

F. occidentalis, F. 
schultzei, F. gemina 
N.D. 


F. occidentalis 


F. bispinosa, F. 
cephalica F. gemina, 
F. fusca, F. intonsa, 
F. occidentalis, F. 
schultzei, F setosus, 


T. tabaci 


T. palmi 


F. zucchini 


Human 


Human, cattle 


Human, cattle 


Seabirds 


Human 


Human 


Human 


Human 


Human, cattle 


Human 


Human 
Human 
Seabirds 


Human 


Human 
Plant 


Plant 


Plant 


Plant 


Plant 


Plant 


Hantaviridae family 


More than 100 small mammal species, to include rodents, shrews, moles and bats, have been 
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found to host hantaviruses in nature. Very recently, using a large-scale meta-transcriptomic 
approach, hantavirus-related gene sequences were also identified in reptiles, ray-finned fish, 


and jawless fish. To date, all human pathogens in this family are carried by rodents and 
transmitted through aerosol exposure and occasionally by bite. The current taxonomy of the 
trisegmented negative-sense RNA virus family Hantaviridae includes 4 subfamilies 
(Actantavirinae, Agantavirinae, Mammantavirinae, Repantavirinae), 7 genera, 
approximately 50 viral species, and 70 named viruses. 


Orthohantavirus genus 


Hantaviruses infecting mammals are included into the Mammantavirinae subfamily, with the 
Orthohantavirus genus (family Hantaviridae, order Bunyavirales) constituting all of the 
important rodent-borne human pathogens. The type species of the Orthohantavirus genus is 
Hantaan virus (HTNV), which was named after a small river close to the location where the 


virus was first identified. The discovery of hantaviruses traces back to the early 1950s 
when United Nations troops were deployed during the border conflict between North and 
South Korea. More than 3,000 cases of an acute febrile illness were seen among the troops, 
about one third of which exhibited hemorrhagic manifestations, with an overall mortality of 


5% to 10%. The disease was initially termed Korean hemorrhagic fever but is now 
referred to as hemorrhagic fever with renal syndrome (HFRS). Despite considerable effort, it 
took about 25 years until the field mouse, Apodemus agrarius, was identified as the rodent 
reservoir, and HTNV was eventually isolated from the lungs of this animal. 


During the course of the early studies in Korea, it became clear that HFRS cases were 
also occurring in urban areas. Years of investigation finally demonstrated that the urban cases 


in Korea, China, and Japan were associated with infection with Seoul virus (SEOV), which is 
7 243 245 426 eee 
hosted by the rats Rattus norvegicus and R. rattus. * * For more than 50 years, a similar, 


but generally milder, disease termed nephropathia epidemica (NE) was described in various 
parts of Scandinavia. Following the isolation of HTNV, the virus was shown to react with 


sera from patients with convalescent phase NE. This led to the discovery of Puumala virus 
(PUUV) as the cause of this form of HFRS and the bank vole, Myodes glareolus, as the virus 
host. A fourth pathogenic hantavirus, Dobrava virus, was isolated from Apodemus flavicollis 
in Slovenia and causes severe HFRS in central and southeastern Europe and in European 


- et? 
Russia. 


The most recent major event in the history of hantaviruses was the discovery of 


hantavirus pulmonary syndrome (HPS) in the southwestern United States in 1993. A 


cluster of cases was first identified in New Mexico, which presented with a “flu-like illness” 
(i.e., fever, headache, muscle aches, chills, and so on), but rapidly progressed to a more 
severe respiratory disease with bilateral pulmonary infiltrates, respiratory failure, shock, and 


death, occurring approximately 2 to 10 days after onset of illness in almost 50% of the 


29 aay = a ; 
cases. Within a couple of weeks of the initial outbreak, a newly identified virus, Sin 
Nombre virus (SNV), was shown to be the cause of HPS, and the rodent reservoir was shown 


. 76297 
to be the common deer mouse, Peromyscus maniculatus. » Within the next several years, 
HPS was shown to occur throughout the Americas from Canada to Patagonia, and was found 
to be caused by numerous hantaviruses, associated with various diverse rodent species. 


Further genera of the Mammantavirinae subfamily 


The genus Thottimvirus contains two shrew-borne viruses. Thottapalayam virus was isolated 
from an Asian house shrew (Suncus murinus) in Southern India although it was not 


; ; ; 6... 
recognized as a hantavirus until several years later. Imjin virus was isolated from a musk 
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shrew (Crocidura lasiura) shrews in the demilitarized zone of Korea. Neither of these 
shrew-borne hantaviruses are known to be pathogenic to humans. 


The name of the genus Mobatvirus is an amalgamation derived from “moles” and “bats.” 
The prototype virus, Nova virus, was first detected in 2009 in archival liver tissue of the 


; 202 : 
European mole (Talpa europaea) in Hungary. Complete L-, M- and S- segment nucleotide 
sequences of a Nova virus strain circulating in Belgium demonstrated that this virus was 
related to, but highly divergent from, the orthohantaviruses and thus was placed into a new 
_, 236 ; : es ; 
genus of the family. The other two viruses in the genus, Laibin and Quezon viruses, have 
. ; 18 470 
been detected in bats, and complete genome sequences have been determined. ° 
The Loanvirus genus contains currently a single virus, Longquan virus. The virus was 
detected in intermediate horseshoe bats (Rhinolophus affinis) in China. Although it is 
phylogenetically distinct from other hantaviruses, it has not yet been isolated or 


7 151 
characterized. 


Nairoviridae family 


The Nairoviridae family comprises trisegmented negative-sense RNA viruses grouped into 
Orthonairovirus, Shaspivirus, and Striwavirus genera. Of these, the Orthonairovirus genus is 
the largest with 15 discrete species that are mostly maintained in tick hosts, but isolations 
have also been made from mosquitoes and midges. In contrast, the members of the 
Shaspivirus and Striwavirus genera were identified in spiders and water striders, respectively 
(Table 16.4). Information of these viruses outside of nucleotide sequence data is currently 
lacking, and consequently this text will focus on viruses within the Orthonairovirus genus. 


The Orthonairovirus genus was named after Nairobi sheep disease virus (NSDV), which 
was originally isolated in Nairobi, Kenya, in 1910 by inoculation of sheep with the blood of 
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sheep with acute gastroenteritis. The virus causes fatal disease in sheep and goats and is 
present throughout various parts of Africa, and also India where it is known as Ganjam virus. 
The most important orthonairovirus from a human health perspective is Crimean—Congo 


hemorrhagic fever virus (CCHFV), which was first recognized in the Crimean peninsula in 
the mid-1940s, when a large outbreak of severe hemorrhagic fever among agricultural 
workers was identified. The outbreak included more than 200 cases with a case/fatality of 


78 "Lege . : 
about 10%. Cases exhibiting similar disease were later reported throughout the European 
and central Asian republics of the former Soviet Union, to include Romania, and Bulgaria. 
However, the virus was first isolated in 1956 from a patient with a 1-day fever in Kisangani, 


411 : 
Democratic Republic of Congo. It was some years before the connection was established, 
but subsequent serologic studies and virus isolations from Asia and Europe revealed that the 


viruses from the different outbreaks and geographic regions were essentially the same virus, 
; 70 79 ; a : 
which then became named CCHFV. » CCHFV is now endemic in over 30 countries across 


Africa, Asia, Europe and the Middle East, with outbreaks centered around southeastern 
regions exhibiting highly variable case/fatality rates of up to 30%. 


Peribunyaviridae family 


The Peribunyaviridae family is the largest within the Bunyavirales order and includes four 
genera of tri-segmented negative-sense RNA viruses: the Orthobunyavirus, Herbevirus, 
Pacuvirus, and Shangavirus genera. Of these, 82 of the 89 species belong to the 
Orthobunyavirus genus, which is the only genus in this family to include animal and human 
pathogens, with select members associated with arthropod-borne hemorrhagic fevers with 
severe or fatal disease potential. 


The Orthobunyavirus genus 


The largest genus of bunyaviruses is the Orthobunyavirus genus (family Peribunyaviridae, 
order Bunyavirales), which contains almost 200 named viruses that are found throughout the 
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world.’ Almost all of these viruses are transmitted by mosquitoes and have amplification 


cycles in a variety of vertebrate hosts.” Among important orthobunyavirus human pathogens 
are La Crosse virus (LACV), which causes pediatric encephalitis; Oropouche virus (OROV), 
which causes a debilitating febrile illness; and Ngari virus, which causes hemorrhagic fever. 
In contrast, Aino, Akabane, Cache Valley, and Schmallenberg viruses are examples of viruses 
causing disease in domestic animals (Table 16.4). 


Classification of orthobunyaviruses has proven to be complex. The majority of viruses 
have been placed in one of 20 serogroups based on serologic relatedness of complement- 
fixing antibodies (mediated by the N protein) and hemagglutinating and neutralizing 
antibodies (mediated by the glycoproteins), although a number of viruses classified into the 


. . 3391 
Orthobunyavirus genus are currently not assigned to any of these serogroups.’ The 20 
serogroups are Anopheles A, Anopheles B, Bakau, Bunyamwera, Bwamba, California, 
Capim, Gamboa, Group C, Guama, Koongol, Mapputta, Minatitlan, Nyando, Olifanstlei, 
Patois, Simbu, Tete, Turlock, and Wyeomyia. Serologic relatedness varies within a serogroup 
and is further complicated by the occurrence of natural reassortant viruses (Fig. 16.2), such 
that viruses may be more related to members of one group or another depending on the assay 
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used. 
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FIGURE 16.2 Reassortment of bunyavirus genome segments. When a cell is 
coinfected with two genetically compatible bunyavirus strains (parent 1 and 
parent 2), eight different genotypes can be represented in progeny virus: the two 
parental genotypes and six reassortant genotypes, each with two segments from 
one parent and one segment from the other parent. 


Molecular genetic studies comprising all three genome segments of the 
orthobunyaviruses have been conducted on viruses in 13 of the serogroups, namely 
Anopheles A, Bunyamwera, California, Capim, Gamboa, Group C, Guama, Koongol, 
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Mapputta, Nyando, Simbu, Tete, and Turlock, s well as several 
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ungrouped orthobunyaviruses. » In many cases the S genome segment encodes two 
proteins, N and, in an overlapping reading frame, a small nonstructural protein termed NSs. 
N and NSs proteins are translated from the same viral messenger RNA (mRNA) molecule as 


ee . 43.109 ; ; 
the result of alternate AUG-initiation codon selection. » However, viruses in the Anopheles 


A, Anopheles B, Capim, Guama, Koogol, Mapputta, Tete, and Turlock serogroups as well 
some ungrouped orthobunyaviruses do not show evidence of having an NSs ORR 


Phenuiviridae family 


The Phenuiviridae family comprises a diverse collection of viruses grouped into 15 genera 
that infect vertebrates, invertebrates, and plants. Of these 15 genera, only 2 contain viruses 
known to be associated with significant human and animal disease, namely the Phlebovirus 
and Banyangvirus genera. These viruses possess trisegmented, partially ambisense RNA 
genomes and have been the primary focus of phenuivirus research to date. The other 13 
genera comprise plant and arthropod viruses for which biochemical and molecular data are 
currently lacking. 


Phlebovirus genus 


The Phlebovirus genus (family Phenuiviridae, order Bunyavirales) contains more than 80 
viruses, Classified into 10 species. Phleboviruses orginated in ticks, and evolved into tick- 


bore and dipteran-borne viruses that are present throughout the world.” Most dipteran- 
borne species are associated with phlebotomine sandflies, hence the genus name Phlebovirus 
(see Table 16.4). However, there are prominent exceptions, such as Rift Valley fever virus 
(RVFV), a medically and agriculturally important virus in Africa, which is primarily 


associated with Aedes species mosquitoes, and the tick-borne apathogenic Uukuniemi virus 
277 


(UUKV). 
RVFV, the type species, was first isolated in 1930 by Daubney et al. from an infected 
newborn lamb as part of an investigation of a large epizootic of disease causing abortion and 


high mortality in sheep. Large RVFV epizootics in various areas of sub-Saharan Africa 
have been noted since that time, and clinically compatible outbreaks have been 


retrospectively identified as far back as 1912. Several decades passed before serologic and 
molecular similarities to phlebotomine fever viruses were noted. Sandfly fever Sicilian virus 
(SFSV), one of the most widespread phleboviruses, and Sandfly fever Naples virus (SFNV) 
were first isolated from American troops with febrile illness in the Palermo region of Sicily, 
Italy in 1943 and Naples, Italy in 1944, respectively, by inoculation of acute-phase sera into 


373 ; 
human volunteers and passage in newborn mice. Outbreaks of compatible human illness in 


the Mediterranean region date back to the time of the Napoleonic Wars, and association of 
: * 7 171 
the disease with sandflies was suggested as early as 1905. 


Banyangvirus genus 


The Banyangvirus genus (family Phenuiviridae, order Bunyavirales) contains the type 
species Huaiyangshan banyangvirus (better known as severe fever with thrombocytopenia 


syndrome virus (SFTSV) or Henan fever virus (HNFV), which is prevalent in East Asia. 


The related Heartland virus (HRTV) is endemic in the United States. Both viruses are tick- 
bore and are highly pathogenic. 


Tospoviridae family 


The Family Tospoviridae has only one genus, the Orthotospovirus genus, which includes 18 
: : . . . 168 271 . 
species of plant-infecting trisegmented ambisense RNA viruses ° that are transmitted 


propagatively by at least 15 different species of thrips of the Thysanoptera order» with 
the western flower thrip Frankliniella occidentalis identified as the primary vector. Several 
tospoviruses are now recognized as being of significant agricultural importance, inflicting 
massive losses in economically important crops, in major part due to the wide plant host 


range of F. occidentalis as well as the broad distribution of this vector across North and South 
s : - 142 342 
America, Australia, Europe, and the Middle East. ° 


The history of the tospoviruses goes back to 1915, with the recognition of a spotted wilt 
; ae ioc. a 
of tomatoes in Australia, and then the subsequent isolation in 1930 of tomato spotted wilt 


virus (TSWV), from which the genus gained its name and which remains the prototype of 
the genus. By the late 1940s, TSWV infections were greatly reduced in the United States and 
Western Europe due to pesticide use controlling the onion thrips, Thrips tabaci, which was 
likely the primary vector at that time. The geographic spread during the 1960s and 1970s of 


F. occidentalis led to a rapid expansion of TSWV. which is now known to be global in 
distribution, and it is found throughout agricultural areas in warmer climate zones and 
prevalent in greenhouse cultivations in more temperate areas. In contrast to the other genus 
members, TSWV has an unusually wide host range, with more than 925 plant species, 
including 82 botanical families, reported to be susceptible to infection. These include several 
important crops such as peanuts, peppers, tobacco, potatoes, peas, tomatoes, celery, lettuce, 
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and ornamental flowers, with annual crop losses amounting to more than a billion dollars. 


VIRION STRUCTURE 


Under the electron microscope, negatively stained bunyaviruses appear in most cases 
spherical to pleomorphic, 80 to 120 nm in diameter, and display surface glycoprotein (GP) 
projections of 5 to 10 nm, which are embedded in a lipid bilayered envelope approximately 5 
to 7 nm thick (Fig. 16.3). Cryo-electron microscopic and tomographic techniques combined 
with computational three-dimensional reconstruction revealed the structures of virions at a 
resolution of about 2 to 3 nm (Fig. 16.4). Virions of BUNV orthobunyavirus (family 


Peribunyaviridae) are pleomorphic and approximately 108 nm in diameter. 


| Gn protein 
i Gc protein 


AX Nucleoprotein, N 
Sar Large protein, L 
Lipid envelope 


FIGURE 16.3 Schematic of a bunyavirus virion. The genome segments 
(commonly S, M, and L) are encapsidated by nucleocapsid protein (N) to form 
ribonucleoprotein complexes (RNPs), and together with the viral L protein (RNA 
dependent RNA polymerase, RdRp) are packaged within a host cell-derived 
lipid envelope modified by insertion of the viral glycoproteins Gn and Gc. Note 
that there is no matrix protein. 
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FIGURE 16.4 Structural diversity of bunyavirus surface glycoprotein 
architectures. A—C: Structures of Gn—Gc glycoprotein spikes (orange) are 
shown mapped onto the membrane surface (cyan) of (A) an orthobunyavirus 
(Bunyamwera virus; BUNV), (B) a hantavirus (Tula virus; TULV; EMD- 
170411), and (C) a phlebovirus (Rift Valley fever virus; RVFV; EMD-15507). At 
the bottom of each panel, a close-up view of a glycoprotein spike cluster (left) 
and a schematic representation of the spike arrangement (right) is shown. 
Symmetries of individual spikes are annotated. D-F: Central tomographic 
sections of three Hazara nairovirus (HAZV) virions, with fourfold symmetry of 
spikes shown in a tangential section. Scale bars represent 50 nm. (Panels A—C 
from Bowden TA, Bitto D, McLees A, et al. Orthobunyavirus ultrastructure and 
the curious tripodal glycoprotein spike. PLoS Pathog 2013;9(5):e1003374. 
Panels D-F from Punch EK, Hover S, Blest HTW, et al. Potassium is a trigger 


for conformational change in the fusion spike of an enveloped RNA virus. J Biol 
Chem 2018;293(26):9937-9944.) 


Although several studies reported hantaviruses to be highly pleomorphic with spherical 
particles of 135 nm median diameter and tubular particles up to 350 nm long and 
approximately 80 nm in diameter, more recent EM and cryo-EM observations reveal a mostly 
spherical morphology, suggesting that mechanical stress likely contributed to earlier reports 
of pleomorphism. > 

Virions of RVFV and UUKV phleboviruses (family Phenuiviridae) are distinct from all 
other bunyaviruses thus far characterized in that they are not pleomorphic but instead possess 
T = 12 icosahedral symmetry with mean diameters of approximately 100 and 125 nm, 
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respectively. » ° The surface projections are thought to consist of equimolar heterodimers 
of the two viral GPs. They interact with each other to form family-specific surface 
morphologic units, namely 110 hexameric and 12 pentameric rings that form the well-defined 
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and symmetric virions characteristic of this genus. » *» » Whether this icosahedral 
symmetry is also a property of members of the other genera within the Phenuiviridae family 


is unknown, although electron microscopic images of SFTSV and HRTV (Banyangvirus 
genus) particles show regular, uniformly sized particles with similarity to phleboviruses. > 


Orthobunyavirus virions (Peribunyaviridae family) have tripod-like GP spikes arranged 


with threefold symmetry in patches with gaps in between. The surfaces of HTNV and Tula 
hantavirus (TULV) display spike projections with fourfold symmetry, and each spike 
contains four molecules of both glycoproteins. The fourfold symmetry is proposed to be 
maintained by homo-oligomerization of Gn and by interactions between Gn tetramers that 
. . . : F 7 35 170 180 
interconnect to Gc dimers with one dimer at each face of the square-like spike. > » 

This localized architecture is also seen in the nairoviruses, with patches of spikes 


exhibiting fourfold symmetry and extending in a discontinuous manner over the virion 
35 180 256 343 

surface. > ° ° 

To date, structural analyses of viruses within the Tospoviridae family to a similar 


resolution have not yet been reported, although negative-stain EM has confirmed the 
P . . ae oe ‘ 284 
presence of GP projections, which are observed as a characteristic fringe. 


The viral GP spikes represent both the cell attachment and membrane fusion machinery, 
responsible for the merging of viral and cellular envelopes during the entry process (see later) 
and these must be active only at the appropriate stage of the virus multiplication cycle. Stage- 
specific activation is achieved by the induction of GP conformational changes that are both 
pH dependent and ion dependent and are driven by the biochemical properties of the milieu 
present within various cellular compartments through which viruses must pass during entry. 


pH- and ion-dependent conformational changes have been visualized for orthobunyaviruses, 
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phleboviruses, and nairoviruses, ° and it is suggested that such changes expose 


hydrophobic regions on Gc that facilitate fusion between the viral and endosomal membranes 
during viral entry, a mechanism observed for other enveloped viruses that enter cells via the 
endocytic pathway. In addition, specific lateral interactions between spike complexes are 
thought to induce membrane curvature during the budding process. 


In contrast to the features on the virion exterior, the content of the virion interior is 
poorly resolved. Cryo-electron tomography reveals the presence of electron density 


consistent with the filamentous RNA segments in the form of ribonucleoprotein (RNP) 
51 97 181 256 ee ° : . 
complexes » » ° and the proximity of this density located very close to the inner face of 


the viral envelope suggests a possible interaction with the cytoplasmic tails of one or both of 
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the glycoproteins. » » » ° ‘The precise architecture of bunyaviral RNPs within virions 


remains unclear, presumably due to their flexibility that complicates subtomogram averaging. 


GENOME STRUCTURE AND ORGANIZATION 


Viral Genome 


The bunyavirus genome comprises two to eight single-stranded RNA segments, and at all 
stages of the multiplication cycle, these RNAs are enwrapped in the cognate N protein to 
form an N-RNA complex known as an RNP. For the classical trisegmented bunyaviruses 
within Hantaviridae, Nairoviridae, Peribunyaviridae, Phenuiviridae, and Tospoviridae 
families, these segments are designated according to their relative sizes: large (L), medium 
(M), and small (S). In contrast, for viruses with more than three segments, a numerical 
system is used. All segments sequenced to date possess a short stretch of up to 9 contiguous 
complementary nucleotides at their extreme 3’ and 5’ termini, with these being highly 
conserved among viruses within a family, but being distinct from those of viruses in different 
families (Table 16.3). Some degree of interterminal base pairing of these nucleotides is 
predicted to allow formation of stable panhandle structures, possibly driving the 
circularization of bunyaviral RNAs, and this suggestion is supported by direct visualization 
of purified RNPs by electron microscopy, as well as biochemical and genetic evidence (see 
later section). 


Electron microscopic analysis of segments released from phlebovirus, orthobunyavirus, 


and nairovirus virions reveal pseudocircular structures, again consistent with 3’ and 5’ 
terminal interactions, described above. These RNPs do not exhibit obvious helical symmetry, 
which is in stark contrast to those belonging to members of the Mononegavirales order for 
which their RNPs form compact and often rigid helices that assemble into rod-like 


370 ‘ a ‘ ° ° 
structures. Instead, bunyaviral RNPs appear highly flexible and with diameters on the order 
of 10 nm. In some instances the RNPs appear as “beads on a string,” implying N protein 
monomers contact adjacent monomers only. In other instances, localized regions of compact 


helical symmetry are evident, suggestive of interactions between N monomers on successive 
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turns of an ordered helix. > °° ° 


At least one each of the individual RNPs must be contained in a virion for infectivity; 
however, equal numbers of nucleocapsids may not always be packaged in mature virions, as 
suggested by various reports of nonequimolar ratios of L, M, and S RNAs in natural virions 


or of elevated segment numbers in recombinant virions containing additional, artificial 
44 182 ane 460 
segments. > ° Unequal complements ot the RNPs may contribute to the size differences 
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of virions observed by electron microscopy > and also argues against a selective packaging 
mechanism that several segmented RNA viruses from other taxonomic orders (like influenza 
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viruses) appear to possess. > Whether a segment selection mechanism exists for other 
newly classified bunyaviruses with as many as eight segments remains to be determined. 


In addition to RNPs containing virion-sense RNA (vRNA), certain viruses in the 
Phlebovirus genera and Tospoviridae family encapsidate small amounts of complementary 
sense (CRNA or antigenome). The phlebovirus UUKV was found to contain S- but not M- 


segment CRNA, and the tospovirus TSWV had both M and S cRNAs in virions.» For the 
orthobunyavirus LACV, S-segment cRNA was detected in virions synthesized in insect cells, 


but not in mammalian cells. Interestingly, the phlebovirus RVFV encapsidated all three 
CRNA gene segments, and, as will be described later (see “S- nseement products”), at least one 


of the CRNA genes may have a role in early replication processes. 


Coding Strategies of Viral Genes 


All bunyaviruses follow a common strategy in which mRNAs for their structural proteins (N, 
Gn/Gc, and L) are transcribed from their VRNA, whereas their nonstructural protein mRNAs 
can be transcribed from either their CRNA or vRNA strands. Therefore, some viruses in the 
order Bunyavirales use only a negative-sense coding strategy, while others use a combination 
of negative-sense and also ambisense coding strategies (Fig. 16.1). For either of these 
strategies, the bunyaviral RdRp is capable of transcribing only one MRNA molecule from 
each CRNA or vRNA template, and the ability to alternatively promote either negative-sense 
or ambisense transcription is dictated by specific 3’ and 5’ terminal nucleotides that constitute 


the transcription promoter such that viruses that utilize an ambisense transcription strategy 
possess transcription promoters in both vRNA and cRNA strands. For all bunyaviruses 
studied to date, their VRNA segments conform to a common arrangement in which 
nontranslated sequences containing transcription and replication promoters flank one or more 
open reading frames (ORFs) within a single transcriptional unit. In the following section, the 
coding strategies of only bunyaviruses that possess trisegmented genomes (S, M, and L) will 
be described, due to the current lack of detailed information concerning the strategies of 
bunyaviruses with more than three segments. 


S-Segment Strategies 


Without exception, the S segment of all bunyaviruses encodes the corresponding viral 
nucleocapsid protein (N). While the S segment of some bunyaviruses expresses only the N 


_ 287, . F : 
protein, in many instances, the S segment also has the capacity to express a second protein, 


known as NSs (nonstructural, S), either from an alternative ORF (Fig. 16.1), or from an 
ORF accessed by ambisense transcription. The various bunyavirus NSs proteins exhibit low 
sequence similarity, but all have common functions relating to the mitigation of host innate 
immunity and apoptosis (see below). The presence of NSs in virus-infected cells was 
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demonstrated for several members of the Orthobunyavirus genus and, as only one S 
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segment MRNA species is transcribed in orthobunyavirus-infected cells, it was deduced that 
N and NSs were generated by alternative start codon recognition by leaky ribosome 


scanning > confirmed by rescue of NSs knock out BUNV from cDNAs.” In general, the S 
segments of members of the Peribunyaviridae family are the shortest within the order, 
although there are exceptions; Brazoran orthobunyavirus has a long S segment corresponding 


to its uncharacteristically large N protein with a long C-terminal extension of unknown 
function. 

Hantaviruses and nairoviruses encode larger N proteins than do viruses in other families, 
and so their S segments are also correspondingly larger (Table 16.1; Fig. 16.1). Some 
hantaviruses (e.g., SNV, PUUV, TULYV, Prospect Hill virus [PHV] and Andes virus [ANDV]), 
have second ORFs within their CRNAs, and a corresponding NSs protein has been detected 


in PUUV-, ANDV-, and TULV-infected cells. For ANDYV, expression of NSs was proposed 
to result from leaky scanning of the translation initiation codon for N. An NSs protein has 
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also been detected in CCHF orthonairovirus-infected cells and it is thought to be translated 
from an NSs-specific mRNA generated by ambisense transcription, and to induce apoptosis. 


The S segments of phleboviruses, banyangviruses, and tospoviruses are ambisense, with 
N mRNAs transcribed from the genomic vRNA strand, and NSs mRNAs transcribed from 


the complementary cRNA strand (Fig. 16.1).° > This dictates that expression of NSs 
relies on the presence of CRNA within cells, and it was first postulated that replication of the 
infecting S-segment vRNA was required to provide this CRNA template. Consistent with this, 
for the phlebovirus UUKV, N was detected at 4 to 6 hours after infection, whereas NSs did 


not appear until 2 hours later. > Likewise, the mRNA for NSs of the tospovirus TSWV 
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was detected in infected plant cells 15 hours later than for N. In addition, and consistent 
with a need for VRNA replication prior to NSs expression, studies with the phlebovirus Punta 
Toro virus (PTV) demonstrated that protein synthesis inhibitors arrest production of NSs 


mRNA, but not N mRNA. In contrast, studies with the phlebovirus RVFV demonstrated 
the presence of cRNAs of all three RNA segments in purified virions, removing the need for 
a replication step prior to the access of ambisense ORFs. Moreover, mRNA for the NSs 
protein was detected as early as 20 minutes after infection, concomitant with the appearance 
of mRNA for N, suggesting that for RVFV the ambisense-encoded NSs mRNA is transcribed 
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from incoming cRNA strands. 


M-Segment Strategies 


Sizes of bunyavirus M segments range from approximately 3,600 to 5,300 nucleotides (Table 
16.2). All bunyavirus M segments encode a single polyprotein precursor from a single ORF 
that is subsequently processed by cellular peptidases to yield at least two envelope GPs (Fig. 
16.1) These GPs were previously designated G1 and G2 based on relative migration of the 
glycoproteins in polyacrylamide gels, but are now named Gn and Gc, referring to the amino- 
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terminal or carboxy-terminal position of the proteins within the precursor. As described 
below, it is becoming increasingly clearer that the functions of the Gn and Gc proteins are 
conserved among the bunyaviruses. 


Some, but not all, bunyaviruses encode additional polypeptides from their M segments. 
For orthobunyaviruses, nairoviruses, and phleboviruses a nonstructural protein known as 
NSm is cleaved from the M-segment polyprotein precursor during the processing of Gn and 
Ge. 


The roles of these NSm proteins are not yet clearly defined; genetically engineered 
RVFV lacking NSm was found to induce more extensive apoptosis than did one with NSm, 
and the expression of NSm significantly inhibited the cleavage of caspase 8 and 9 induced by 


staurosporine, indicating that the NSm protein suppresses apoptosis. In addition, the 
detection of BUNV NSm in the proximity of virus assembly sites within the Golgi apparatus, 
as well as the activity of NSm knock out BUNV mutants, suggests the orthobunyavirus NSm 
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may play a role in altering local cellular architecture to establish replication factories. 


In contrast, members of the plant-infecting Tospoviridae family express an NSm protein 
using an ambisense transcription strategy in which a subgenomic mRNA is transcribed from 
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the cRNA template. » The tospovirus NSm protein is readily detected in infected plants 
and is the only M-segment nonstructural protein in the Bunyavirales order to have a clearly 
defined role, which is as a movement protein (see “M-Segment Products,” below). 


L-Segment Strategies 


Without exception, the bunyavirus L segment encodes the RdRp, or L protein. The L 
segments of hantaviruses, orthobunyaviruses, phleboviruses, and banyangviruses are of 
similar size (~6,500 nucleotides), whereas those of tospoviruses and nairoviruses are 
considerably larger (~9,000 and 12,000 nucleotides, respectively; Table 16.2). All L 
segments of viruses in the order, except for arenaviruses, which are not discussed in this 


chapter, use conventional negative-sense coding strategies (Fig. 16.1) and there is no 


. te ‘ ‘ z 2 106 108 177 229 292 382 
evidence for additional coding regions in either the cRNAorvRNA. » > > > » 


STAGES OF REPLICATION 


The principal stages of the replication process for viruses in the Bunyavirales order are 


illustrated in Figure 16.5 and are summarized in the following: 


1. 
2, 
o: 


Attachment, mediated by an interaction of viral proteins and host receptors 
Entry, predominantly by receptor-mediated endocytosis 


Uncoating, by acidification of endocytic vesicles, and fusion of viral membranes with 
endosomal membranes 


. Primary transcription of viral-complementary mRNA species from genome templates 


using host-cell—derived primers and the virion-associated polymerase 


. Translation of S-, M- and L-segment mRNAs 


e cotranslational cleavage of M-segment polyprotein and postranslational cleavage of 
precursors for some viruses 
e dimerization of Gn and Gc in the endoplasmic reticulum (ER) 


. Membrane-associated RNA replication 


e synthesis and encapsidation of cRNA to serve as templates for vRNA or, for 
ambisense genes, templates for subgenomic MRNA 
e genome replication 


. Morphogenesis 


localization of N in budding compartments 

transport of dimerized Gn and Gc to the Golgi 

glycosylation 

acquisition of modified host membranes, generally by budding into the Golgi 
cisternae 


. Fusion of cytoplasmic vesicles containing viruses with the plasma membrane and 


release of mature virions 


e More rarely, some viruses in some cell types have been observed to bud directly 
from the host cell plasma membrane. 
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FIGURE 16.5 General virus multiplication scheme for members of the order 
Bunyavirales. Steps in the replication cycle are the following: 1. Attachment, 
mediated by an interaction of viral proteins and host receptors; 2. Receptor- 
mediated endocytosis; 3. Uncoating, by acidification of endocytic vesicles, and 
fusion of viral membranes with endosomal membranes; 4. Primary transcription 


of viral-complementary messenger RNA (mRNA) species from genome 
templates using host-cell—derived primers and the virion-associated polymerase; 
5. Translation of L, M, and S mRNAs, cotranslational cleavage of the M-segment 
polyprotein, dimerization of Gn and Gc in the endoplasmic reticulum (ER); 6. 
Membrane-associated RNA replication, synthesis, and encapsidation of cRNA to 
serve as templates for vVRNA or, for ambisense genes, templates for subgenomic 
mRNA, genome replication; 7. Morphogenesis including transport of the 
structural proteins to the Golgi, glycosylation of Gn and Gc, budding into the 
Golgi cisternae; 8. Migration of Golgi vesicles containing viruses to the cell 
surface, fusion of vesicular membranes with the plasma membrane, and 9, 
release of infectious virions. Some viruses in some cell types can bud both into 
intracellular vesicles and also from the plasma membrane. 


Attachment and Entry 


Viral Attachment Proteins and Cellular Receptors 


The mechanisms by which bunyaviruses gain access to the host cell cytoplasm appear similar 
to those reported for many other enveloped viruses. The first step involves an interaction 
between cell surface exposed receptors, and the bunyaviral Gn and/or Gc glycoproteins. The 
presence of neutralizing and hemagglutination-inhibiting sites on both the Gn and Gc 
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proteins of phleboviruses and hantaviruses » suggests that both proteins may be involved 
in attachment. However, it is more likely that both are needed due to conformational 
requirements that depend on dimerization of Gn and Gc. 


In general, Gc appears to be the primary attachment protein for orthobunyaviruses in 
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mammalian cells, mosquito cells, and mosquitoes. °» °* Consistent with this view, 


expression of M-segment products of three orthobunyaviruses demonstrated that Gc, but not 
Gn, could affect attachment and entry when tested in a cell-to-cell fusion assay and a 
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pseudotype transduction assay. However, the amino terminal half of BUNV Gc ectodomain 
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is not required for infection of cultured mammalian cells, and this region can be replaced 
by green fluorescent protein (GFP) allowing the creation of viable viruses expressing 
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chimeric Gc-GFP in their virions. 


For tospoviruses, the envelope GPs are required only for infection of their arthropod 

vectors, as evidenced by the ability of envelope-deficient mutants to replicate in plants after 
— fae tee tis . 362 a 

mechanical transmission but their inability to infect thrips. In addition, analysis of 

reassortant viruses demonstrated that mutations that disrupted the Gn-Gc ORF of TSWV 
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ablated transmissibility by thrips. These studies provide indirect evidence that the L- 
polymerase protein remains associated with ribonucleocapsids and is active despite the 


absence of intact virions. 


Although there are no specific reports of Gc being the attachment protein of tospoviruses, 
functional homology to the Gc proteins of other bunyaviruses was proposed based on amino 


acid sequence homologies detected for iris yellow spot virus. In contrast, however, a study 
with a soluble, truncated form of TSWV Gn produced by recombinant baculoviruses showed 
binding of this protein to epithelial cells in the midguts of thrips, suggesting that Gn could 
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mediate attachment in these hosts. Similar results were reported earlier with the 
orthobunyavirus LACYV, in that virions treated with a protease that cleaved Gc but not Gn 
exhibited increased binding to the insect vector midgut but reduced binding to cultured 
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mammalian or mosquito cells. Given that both of these systems use a Gn protein in the 
absence of Gc, it remains to be determined whether Gn functions for attachment when in its 
native conformation on virions. 


Host cell receptors have not been identified for most viruses in the order; however, 
pathogenic and nonpathogenic hantaviruses were shown to use £3 and f1 integrins, 
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respectively, to enter endothelial cells. This finding was suggested to relate to 
pathogenesis, in that binding of hantaviruses to integrins might disrupt their ability to 
regulate cell-to-cell adhesion and result in the vascular permeability characteristic of 
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hantaviral diseases. For two HPS-causing hantaviruses, ANDV and SNV, the human 
asthma-associated gene protocadherin-1 was identified as an essential determinant of entry 
and infection in pulmonary endothelial cells. Hamsters genetically engineered to remove the 


gene were resistant to a normally fatal infection by ANDV. In addition to these entry 
determinants, decay accelerating factor (DAF)/CD55, a glycosylphosphatidylinositol (GPI)- 
anchored protein, has been shown to mediate HTNV and PUUV entry across the apical 


membrane of polarized epithelial cells, and gC1qR/p32, a 32-kD glycoprotein that interacts 
with complement protein Clq, binds HTNV and mediates infection of cultured A549 lung 


cells.” 


Several phleboviruses and banyangviruses, including RVFV, UUKV, SFSTV, PTV, and 
Toscana virus (TOSV), have been shown to use the C-type lectins DC-SIGN or L-SIGN (also 
known as DC-SIGNR) as receptors for infecting dendritic cells or liver sinusoidal endothelial 


cells, respectively. DC-SIGN was also found to be required for both binding and 
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internalization of UUKV, whereas L-SIGN only promoted binding.» » »° In addition, DC- 
SIGN has been implicated as a receptor for CCHFV and LACV. > Other factors identified 
to promote bunyavirus infection include heparan sulfate for RVFV and TOSV, nucleolin for 
CCHFY, and a thrips midgut 50-kDa protein for TSWV. 


Aside from the requirement of specific host gene products, many bunyaviruses have been 


shown to be highly sensitive to perturbation of cholesterol biosynthesis pathways for their 
218 330 407 


entry, and it has been postulated that cholesterol modulates virus entry by facilitating 
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the interaction of the viral fusion machinery with target endosomal membranes. 


Entry of the Viral Genome into the Host Cytoplasm 


Shortly after attachment, viruses in the Phlebovirus and Orthonairovirus genera were 
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observed in phagocytic vacuoles. » This suggested a mode of viral entry similar to that 
first described for alphaviruses in which the virus is endocytosed in coated vesicles, and 
inhibitor studies have confirmed this to be so for the animal-infecting bunyaviruses. 


Orthobunyaviruses, hantaviruses, and _ nairoviruses enter by  clathrin-mediated 
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endocytosis, ° and HTNV proteins were shown to colocalize with clathrin in 
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confocal immunofluorescence studies. Although clathrin-mediated endocytosis appears to 
be most common for bunyaviruses, other entry mechanisms have been reported, to include 
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caveolae-mediated endoctytosis and macropinocytosis for RVFV, and undefined 


nonclathrin as well as clathrin-mediated entry routes for the hantaviruses SNV and ANDV.” 
Likewise, UUKV phlebovirus has been found to enter cells predominately in a clathrin- 
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independent manner. 


After endocytosis, acidification of the endocytic vesicles is thought to promote a 
conformational change in Gn and/or Gc that facilitates fusion of the viral and cellular 
membranes, thereby allowing the viral genome in the form of an RNP with its associated 
polymerase access to the cytoplasm. Consistent with pH-dependent fusion and entry, 


infection by several bunyaviruses was shown to be blocked by treatment with ammonium 
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chloride to prevent endosomal acidification. » * * Additional indirect support for 


membrane fusion as a mode of entry came from experiments demonstrating the ability of 
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viruses in the family to mediate syncytia formation atlow pH. ° ° ° i> 
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Of the bunyaviruses studied to date, most appear to traffic through the early endosomes 


(EE) to the more acidic late endosomes (LE) where fusion is triggered. Infection by 
CCHFYV, as well as UUKV and certain hantaviruses, have been reported to use functional 


microtubules, which are known to be required for directing LE toward the nucleus. 
CCHFV and LACV, however, have both been found to infect cells in the absence of Rab7, a 
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critical component of LE fusion, indicating that the viruses do not trafficto LE ° Instead, 
CCHFV was found to enter the cytosol via multivesicular bodies just prior to transitioning 
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from EE to LE. In addition to a role for low pH in virus entry, the use of inhibitors of 
specific cellular ion channels has shown that the concentration of potassium ions within 


specific cellular compartments also influences bunyavirus entry (Fig. 16.6). Biochemical 
analyses suggest that the escape of RNPs from endosomes requires an influx of potassium 
ions that depends on the activity of cellular potassium ion channels, located within 
endosomal membranes. Structural studies show that elevated levels of potassium ions 
directly influence the conformation of the viral Gn/Gc spikes, activating their fusogenic 
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properties, which likely promotes fusion between virion and endosomal membranes. 
Potassium channel blockade prevents virus escape, and virions are trafficked to later 
compartments within the endosomal pathway, or lysosomes, where they are inactivated by 


low pH.» 
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FIGURE 16.6 BUNV traffics through endosomes containing K * ions. A: K*- 


containing vesicles can be labeled with the membrane-impermeable K*-specific 
fluorescent probe Asante potassium green-4 (AG4), the membrane-permeable 


form of which has previously been used to monitor cytoplasmic [K*]. AG4 (10 
UM) was added to A549 cells for 40 minutes to allow endosomal uptake, and live 
cells were imaged. Representative images are shown (n = 100 cells). Scale bar = 
10 uM. B: A549 cells were infected with a fluorescently labeled BUNV in the 
presence of AG4 (10 uM) to allow virus penetration into cells, and live cells 
were imaged 2 or 8 hours postinfection. Images are representative of >50 cells. 
(Taken from Hover S, Foster B, Fontana J, et al. Bunyavirus requirement for 
endosomal K+ reveals new roles of cellular ion channels during infection. PLOS 
Pathog 2018;14(1):e1006845.) 
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High-resolution structural studies (see below) have revealed that the bunyaviral Gc 
proteins have characteristics similar to those of class IT fusion proteins identified for positive- 


sense RNA viruses in the Flaviviridae and Togaviridae families, raising interesting 
questions concerning the evolution of these virus groups. Such proteins have internal fusion 
domains known as fusion loops, as opposed to terminal fusion peptides found for the class I 
fusion proteins. Experimental support for this finding was obtained by demonstrating 
interaction of the fusion loop postulated for the Gc protein of the hantavirus, ANDV, with 
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artificial membranes. In addition, several lines of evidence indicate that the Gc of 
orthobunyaviruses is involved in membrane fusion. Protease sensitivity assays, detergent 
partitioning experiments, and antibody-binding studies suggest that Gc undergoes a 
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conformational change at pH conditions where fusion is observed. Mutational analyses of a 


hydrophobic region (residues 1,066—1,087) of LACV Gc that is well conserved among 


different orthobunyaviruses supported this notion, > and the residues flanking the 
predicted fusion peptide in BUNV Gc (residues 1,058—1,079) were shown to be structurally 
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critical for the conformational change in Gc that occurs during the fusion process. LACV 
Gc alone, however, when expressed from recombinant vaccinia viruses, could not cause cell 
fusion, suggesting that an association of the two GPs may be needed for activation of the 


fusion machinery, and mutations in the cytoplasmic tail of BUNV Gn severely affected 
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fusion activity indicating that Gn must also play an important role in this process. Likewise 
for HTNV, both Gn and Gc were required to achieve surface expression and cell-to-cell 
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fusion activity. Recombinant LACV carrying mutations in the Gc fusion peptide was 
impaired for growth in both mammalian and insect cells but were still neurotoxic to neuronal 
cells, implying that the fusion peptide is a determinate of neuroinvasiveness but not 
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necessarily neurovirulence. 


Transcription and Replication 


After release of the virion-associated segments from within the virus particle, the initial RNA 
synthetic event is primary transcription in which each vRNA is transcribed as a 
complementary MRNA by the RNP-associated RdRp. In vitro experiments showing 
transcriptional activity of permeabilized purified virions as well as atomic structures show 
that the RdRp is located at the VRNA termini of each RNP segment while still inside the 
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infecting particle, positioned alongside the transcription promoter. » ‘Thus, it can 
commence primary transcription upon release into the cytosol. 


Studies with hantavirus N protein suggest that N participates in transcription initiation by 
facilitating dissociation of the RNA panhandle and by subsequently remaining attached to the 
5’ terminus of the RNA, thereby freeing the 3’ terminus for RdRp interactions. Furthermore, 
N was suggested to be important for replication by acting as an RNA chaperone and 
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transiently and continuously unfolding the RNA to allow it to form more stable structures. 
A role for N in both transcription and replication is also evident by analysis of the behavior 


of BUNV N proteins carrying specific mutations, either in a minigenome assay or in the 
. . . 20 104 448 — . 
context of virus infection. >» » BUNV/N mutants could be divided into two groups, those 


that were defective in antigenome synthesis but not MRNA transcription, and those that were 
replication defective but transcription competent, suggesting that different domains within N 


are associated with different RNA synthesis activities. The mechanism by which residues 
in N modulate template activity requires elucidation; one possibility is that transcription and 
replication require different binding partners that interact with distinct regions on the N 
protein, or alternatively that these mutations result in subtle conformational changes in N that 
modulate its function. 


Genome Promoters 


The template for bunyavirus transcription and replication is not naked RNA but instead is an 


RNP in which the RNA is enwrapped with the corresponding N protein to form a flexible 
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assembly that is resistant to RNase digestion. » » ° Extensive analysis of the RNA 


synthesis activity of model RNA segments from members of the Phlebovirus and 
Orthobunyavirus genera have revealed that nucleotides within the 3’ and 5’ nontranslated 
regions of these RNPs contain signals for both mRNA transcription and genome replication. 
Furthermore, targeted mutagenesis of these regions has helped define the roles of individual 
nucleotides in promoting these activities. For the phleboviruses RVFV and UUKY, the first 
13 or the first 10 nucleotides, respectively, of the 3’ end of the genome are sufficient for RNA 


: . ,. 120 340 : : 
synthesis activity, °» whereas for the orthobunyavirus BUNV, at least 17 nucleotides at 
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each of the termini are required for detectable levels of RNA replication. 


For BUNV, studies have suggested that at the extreme 3’ and 5’ termini, precise 
nucleotide sequence rather than complementarity is required to form the RNA synthesis 
promoters. A striking example is in the role of the conserved nucleotide mismatch located 
among a run of otherwise perfect complementary residues, which is a common feature of 
many bunyaviruses. Saturation mutagenesis showed that this 3’ position 9 must be a U 
residue in order to signal maximal transcription, and this signaling ability was completely 
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independent of the corresponding 5’ position 9 ; thus, arguing against the need for 
interterminal cooperation within these initial nucleotides. 


However, for BUNV and other orthobunyaviruses, there is considerable evidence in 
support of a counterargument, suggesting 3’ and 5’ terminal interactions are important; 
Firstly, the precise nucleotides that form the BUNV transcription promoter have been 
pea eae a oe 
identified and shown to constitute nucleotides within both 3’ and 5’ termini, a finding that 
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implies the polymerase must contact both termini during transcription initiation. ° 


Secondly, genetic manipulation of model BUNV segments revealed RNA synthesis was 
promoted only when potential interterminal interactions within terminal-distal nucleotides 
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(residues 12-15) were maintained, independent of specific nucleotide sequences. In 
addition, inter-terminal secondary structures were identified in virion-associated RNAs 
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following psoralen cross-linking. > 

Interestingly, the recently solved crystal structure of the orthobunyavirus LACV RdRp in 
complex with 3’ and 5’ terminal RNAs suggested that the termini interact with separate sites 
on the polymerase surface. Nucleotides 1 to 8 of the 3’ end bind as a single extended strand 


whereas 5’ nucleotides 1 to 10 form an intraterminal stem-loop “hook” structure, 
suggesting that interaction between the two termini may not actually be due to interterminal 
base pairing, but instead mediated by the polymerase (see below). However, it is possible that 
the existence of inter- and intraterminal interactions are not mutually exclusive, and both 
forms may be required at different stages of the virus replication cycle. Thus, it is likely that 
some regions of the 3’ and 5’ termini form sequence specific signals, whereas other sequences 
form signals based on structure. Moreover, by setting progressive terminal deletions it was 
found that the minimal BUNV RNA replication promoters comprise 17 nucleotides from 
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each end, but that production of infectious virus also requires additional segment-specific 
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sequences in the untranslated regions (UTRs), presumably for activities other than RNA 
synthesis such as virus assembly. 


The in vivo importance of intact termini was also suggested by a study in which 
terminally deleted RNAs were shown to accumulate during the establishment of persistent 
infections with the hantavirus, SEOV. It was hypothesized that as deletions accrued, fewer 
replication-competent genomes were present, leading to a down-regulation of the replication 


processes, and possibly to persistence. Similar deletions were found on the termini of 
ANDV M and L, but not S genes, leading to a speculation that differences observed in the 
relative abundance of Gn and Gc compared to N could reflect down-regulation of M-segment 
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express1on from genes without intact termini. 


Primed mRNA Synthesis (Cap Snatching) 


Like influenza viruses, viruses in the Bunyavirales order prime mRNA synthesis with capped 
oligoribonucleotides that are scavenged from host mRNAs (Fig. 16.7). However, unlike 
influenza viruses, which take primers from newly synthesized mRNAs in the host cell 
nucleus, members of the order Bunyavirales use primers cleaved from host cell mRNAs in 
the cytoplasm. Work with influenza virus has shown that cap snatching requires both cap- 
binding and endonuclease activities, which are encoded within different polymerase subunits. 
For bunyaviruses, generation of the capped primers is accomplished by an endonuclease 


domain belonging to the §PD-D/ExK — superfamily of — cation-dependent 
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nucleases > > » » *» * * » » and in all bunyavirales members examined thus far, the 


endonuclease domain resides within the N-terminus of the respective proteins. Comparison 
of endonuclease domains from segmented negative-stranded RNA viruses revealed them all 
to possess structural similarity, but two distinct classes were apparent: one with a canonical 
catalytic histidine (Hist+) as exemplified by influenza virus and bunyaviruses and another 


class in which this histidine is replaced by an acidic residue (His-), typified by the 
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arenaviruses. *» ° In contrast to the endonuclease domain, no cap-binding domain has yet 


been identified for any bunyavirales member, although comparison between the segmented 
architecture of the influenza virus RdRp alongside the monomeric bunyavirales L protein 
suggests it is likely to reside within the C terminus. It is also thought that the distance 
between the cap-binding and endonuclease domains dictates the length of the snatched 
primer. In the case of the bunyaviruses, this appears to fall within a characteristic range for 


viruses within the different families, with mean lengths of between 10 and 20 
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nucleotides. > > > » » ° ‘In the case of influenza virus, the endonuclease is sequence 


specific, with the RNA cleavage event preferentially occurring between 10 and 13 
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nucleotides downstream of the cap, at a G residue. There is some evidence to suggest that 
the site of bunyaviral primer cleavage may also be sequence dependent, with certain snatched 
primer sequences being selected over others. During TSWV transcription, the TSWV 


. . . ; 98 
mRNAs acquired 5’ extensions with a preference for cleavage at an A residue. It was 


suggested that this preference was due to a need for base pairing at the ultimate U residue of 
the TSWV gene segments. Consistent with this, later studies indicated that double- and triple- 
base complementarity to nucleotides at the ends of the tospovirus gene segments were 
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preferred, even more than the single complementary residue. 
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FIGURE 16.7 Transcription and replication scheme of negative-sense 
bunyavirus genome segments. The genome RNA and the positive-sense 
complementary RNA known as the antigenome RNA are found only as 
ribonucleoprotein complexes and are encapsidated by N protein (¢). Segments 
are shown as linear RNA molecules for simplicity, whereas all available evidence 
suggests the active templates for RNA synthesis are circularized by noncovalent 
terminal interactions. The messenger RNA (mRNA) species contain host-derived 
primer sequences at their 5’ ends (™) and are truncated at the 3’ end relative to the 
virion RNA (vRNA) template; the mRNAs are neither polyadenylated nor 
encapsidated by N protein. The sequence at the 5’ end of an orthobunyavirus 
mRNA is shown. 


Other viruses in the order also have nucleotide or nucleotide motif preferences for 
endonuclease cleavage of capped primers. These preferences vary among the families and 
genera, and sometimes even among viruses within a genus. A preferred primer sequence, or a 
favored nucleotide at the site of cleavage due to a need for limited base pairing with the viral 
genome, appears to be a common feature of primed transcription for bunyaviruses. In one 
study, the 3’-terminal nucleotides of the scavenged host primers often were similar to the 5’- 


terminal viral nucleotides. It was proposed that after transcription of two or three 
nucleotides of the nascent MRNA, the viral polymerase slips backward on the template 
before further elongation, resulting in a partial reiteration of the 5’-terminal sequence. An 
extension of this concept, termed “prime and realign,” was proposed for mRNA transcription 


of hantaviruses. According to this model (Fig. 16.8), priming by host oligonucleotides with 
a terminal G residue would initiate transcription by aligning at the third nucleotide of the 
viral RNA template (C residue). After synthesis of a few oligonucleotides, the nascent RNA 
could realign by slipping backward two nucleotides on the repeated terminal sequences 
(AUCAUCAUC) (Table 16.3), such that the G becomes the first nucleotide of the 
nontemplated 5’ extensions (Fig. 16.8). The frequent deletion of one or two of the triplet 
repeats in hantaviral mRNA supports this sort of slippage mechanism and suggests that 
sometimes the initial priming might start at the C residue of the third triplet in the conserved 
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sequence rather than at the C of the second triplet. 
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FIGURE 16.8 Prime- and- realign models for primary transcription and 
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genome replication as illustrated to occur for a hantavirus. A: Primed 
messenger RNA (mRNA) transcription. According to this model, priming by 
host oligonucleotides with a terminal G residue would initiate transcription by 


aligning at the third nucleotide of the viral RNA template (C residue). After 
synthesis of a few nucleotides, the nascent RNA realigns by slipping backward 
two nucleotides on the repeated terminal sequences (AUCAUCAUC), such that 
the G becomes the first nucleotide of the nontemplated 5’extension. B: 
Nonprimed transcription of vVRNA and cRNA. In the model, transcription 
initiates with pppG aligned at the third nucleotide (C residue) of the template 
RNA. After synthesis of several nucleotides, polymerase slippage realigns the 
nascent RNA such that the initial priming G residue overhangs the template, but 
is subsequently removed (perhaps by nucleolytic activity of the L protein) 
leaving a monophosphorylated U residue at the nascent 5’ end. 


A problem that the bunyaviruses must overcome is in locating sufficient capped mRNAs 
to support viral transcription. In the case of hantaviruses and phleboviruses, evidence has 
been presented that one such source may be cytoplasmic processing bodies (P bodies) that 
contain much of the RNA decay machinery where 5’ caps are sequestered, including the 
canonical mRNA decapping enzyme Dcp2. In the case of RVFV, a genome-wide RNAi 
screen in insect cells identified Dcp2 as a viral restriction factor, possibly reducing the pool 


of available capped mRNA substrate and thus restricting RVFV gene expression. — In the 
case of hantaviruses, the N protein accumulates in P bodies where it is thought to bind to the 
5’ cap of cellular mRNAs to protect them from cell-mediated degradation, also maintaining 
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the pool of cellular messages for subsequent use as cap substrate. 


Transcription Termination 


The mRNAs transcribed by the nonsegmented negative-stranded RNA viruses resemble host 
cell mRNAs in that they are 5’ capped and possess 3' poly(A) tails, and mRNAs generated by 
the segmented negative-stranded influenza virus also fit this description. However, this does 
not appear to be the case for most members of the Bunyavirales order; while their 5’ ends are 
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capped, their 3’ ends do not in general possess 3’ poly(A) tails.’ » The only instance 
where a poly(A) tail has been identified on a bunyavirales transcript is the M-segment mRNA 

; 182 . . : : 
from SNV hantavirus, which also contains a U-tract that in nonsegmented negative-sense 
7 . Siena : i 33 300 
RNA viruses is the template for reiterative transcription coupled to termination. > In all 
other instances where bunyaviral MRNA ends have been identified, the 3' end has mapped to 
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either the vRNA 5’ end, indicating run-off transcription, or alternatively, putative 
a ks ‘ . . 7 30 188 239 
transcriptional termination signals.’ > » 
Transcription termination is well studied for members of the orthobunyavirus group, for 
which synthesis of M- and S-segment mRNAs terminates between 40 to 100 nucleotides 
before the end of the genome RNA template, and L-segment mRNAs thought to be 
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terminated by run-off. » > » » By using a system in which the RNAs generated from 


mutated S segments were directly visualized, the transcription termination signal for the 
orthobunyavirus BUNV was mapped to a 33-nucleotide region within the 5’ nontranslated 


region of the S segment with a 6-nucleotide motif, 3'-GUCGAC-5’, being particularly 
critical for termination signaling. Interestingly, a second redundant termination signal was 
also identified further downstream, with the related sequence, 3’-UGUCG'-5’, and a similar 


motif was observed within the BUNV L, but not the M segment. Detailed experimental 
mapping of BUNV M and L mRNA termination sites has not been reported. The finding that 
there were no U-rich regions in the transcription termination signal of BUNV was consistent 
with the absence of 3’ poly-A tails on the mRNAs. 


Comparison of these S-segment sequences with those of other orthobunyaviruses 
revealed a high degree of conservation, suggesting that similar motifs may also function for 
transcription termination throughout the genus, at least for S segments. A cross-genus 
comparison of orthobunyaviral mRNA 3’ ends also revealed the presence of sequences with 
the potential to form short stem loop structures, outside of the conserved hexanucleotide 
sequence. 


In contrast to the orthobunyaviruses that perform strictly negative-sense transcription, 
viruses that use an ambisense transcription strategy, such as the phleboviruses and 
tospoviruses (and also arenaviruses—see chapter 18), possess segments with a different 
arrangement of cis-acting signals. One of these differences is a centrally located untranslated 
sequence known as the intergenic region (IGR). Although the IGR sequences are diverse 
across the various families, they mostly possesses the potential to form stem-loop secondary 
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structures, and previous work has suggested these structures may play a role in 
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transcription termination. > » » » °» However, the likelihood of hairpin formation in the 


IGRs of RVFV, TOSV, and SFTSV phleboviruses has been questioned’ and detailed mapping 
of mRNA termination sites for the corresponding N and NSs mRNA showed that the 3’ ends 


; 7 
contained most of the intergenic sequence and indeed overlapped each other. Furthermore, 
termination occurred for both mRNAs at the same motif, 3’-C,_,GUCG/A-5’, which was also 


identified as the termination signal in the negative stranded M segment. Two copies of this 
motif were identified in the ambisense S segment, one in VRNA (genome) and one in the 
cRNA (antigenome), and thus it was proposed that transcription termination was signaled by 
a specific sequence motif rather than a secondary structural element. The similarity between 
this phleboviral termination signal and that identified for orthobunyaviruses described above 
is striking and points toward a common mechanism. 


Sequences within the 3’ nontranslated regions of bunyaviral MRNAs have been shown to 
72, 46 442 cas ' 
enhance mRNA translatability, » possibly providing functions that are normally associated 
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with the canonical mRNA poly(A) tail and its synergistic association with the 5’cap. While 
the precise identity or function of this enhancing element are currently unknown, one 
possibility is that the secondary structures found within most bunyaviral MRNA 3’ ends are 


: 46 
involved. 


Bunyavirus transcription is unique among negative-sense RNA viruses in that it requires 
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ongoing protein synthesis, > » » ° ° a finding that at face value appears incompatible 


with the presence of a virion-associated transcriptase. In the absence of protein synthesis, 
only short transcripts are produced in vivo and in vitro, although if the in vitro reaction is 
supplemented with rabbit reticulocyte lysate, full-length RNAs are synthesized. The 
translational requirement is not at the level of mRNA initiation, but rather during elongation 
Or, more precisely, to maintain transcriptase processivity. A model to account for these 
observations suggested that in the absence of ribosome binding and protein translation, the 
nascent MRNA chain and its template could base-pair, thereby preventing progression of the 


transcriptase. The translational requirement (Fig 16.9) was formally proven using BUNV 
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model templates containing translational stop codons in which the presence of in-frame stop 
codons within the transcriptional unit reduced polymerase processivity, with termination 
events occurring at specific locations resembling transcription termination signals. In 
contrast, out of frame stop codons had no influence on polymerase processivity, and 
transcription termination signals placed immediately downstream of stop codons were 
unrecognized. Taken together, these observations are consistent with a model in which the 
translocation of a ribosome along the nascent mRNA alters RdRp processivity, in particular 
in the recognition of consensus or spurious transcription termination signals. Similar findings 


have been reported for RVFV and thus orthobunyaviruses and possibly phleboviruses 
appear to have adopted a mechanism whereby transcription and translation are coupled, a 
feature commonly found in prokaryotes but rare in eukaryotic cells where these processes are 
compartmentalized. The dependence of transcription on translation has an important 
implication for the very first stages of the cytosolic phase of the virus replication cycle, as 
upon release from the infecting virion the bunyaviral RNP/polymerase complex must first 
sequester ribosomes in order to maintain polymerase processivity and commence primary 
transcription. How this is achieved is currently unknown. 
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FIGURE 16.9 Model of obligatorily coupled bunyavirus transcription and 
translation. A: Transcription of full length mRNAs requires on-going translation 
to allow translocation of ribosomes along the nascent mRNA. Transcription 
termination signals (shown as STOP signs) within coding regions (green) are not 
recognised by the RdRp, whereas transcription termination signals within the ntr 
(blue) are active, leading to generation of the mRNA 3’ end. B: When translation 
is prevented by the presence of in-frame stop codons within the mRNA, 
ribosome translocation is blocked and previously unrecognised transcription 
termination signals are now active. Ribosome translocation is proposed to 
suppress the activity of spurious or cryptic transcription termination signals. 
(Redrawn from Barr JN. Bunyavirus mRNA synthesis is coupled to translation to 
prevent premature transcription termination. RNA 2007;13:731—736.) 


Genome Replication 


The first RNA synthesis activity performed within the infected cell by the bunyaviral RdRp is 
primary transcription, in which short capped RNA oligomers are used to prime mRNA 
synthesis. However, at a later stage of the infection, the RdRp must commence RNA 
replication, for which the RdRp is thought to initiate primer-independent RNA 
polymerization at the precise 3’ end of the template to produce a full-length copy of the 


template. The molecular mechanism that regulates this switch from primary transcription to 
genome replication has not been defined for any member of the Bunyavirales order, and other 
fundamental differences between replication and transcription actvities, such as the ability of 
the nascent strand to be encapsidated or terminated, remain unexplained. It is established that 
bunyavirus genome replication and subsequent secondary transcription are prevented by 
translational inhibitors such as cycloheximide, which indicates that continuous protein 
synthesis is required for replication of the genome. Although not proven, it is likely that 
synthesis of N is required for genome replication, as described for other negative-strand RNA 
viruses such as the rhabdovirus, vesicular stomatitis virus, and the paramyxovirus Sendai 
virus. For these viruses, supply of N protein for encapsidation of new replication products 
was proposed as a critical component that mediates the transcription—replication switch, and 
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other possibilities have now been suggested. 


A prime-and-realign model was also postulated for the nonprimed transcription of 
hantaviral VRNA and cRNA, except that transcription would initiate with pppG alignment at 
the third nucleotide (C residue) of the template RNA. After synthesis of several nucleotides, 
polymerase slipping would realign the nascent RNA such that the initial priming G residue 
would overhang the template. It was further theorized that nucleolytic activity of the L 
protein might remove the overhanging G, leaving a monophosphorylated U residue at the 
nascent 5’ end. The presence of the monophosphorylated U on HTNV RNA was 


experimentally demonstrated” (Fig. 16.8). 


Indirect evidence suggesting that a prime-and-realign method of initiation is used by 
phleboviruses was obtained by using a reconstituted transcription system to study the 
polymerase recognition sequence at the 3’ termini of the ambisense S-segment RNA of 
RVFV. In those studies, mutational analysis of the terminal nucleotides revealed that the first 
13 nucleotides are required for polymerase recognition, but that one of the two terminal 


dinucleotides (UGUG) could be removed without deleterious effects on transcription. 
These data also suggested that realignment is not a prerequisite for transcription initiation. In 
contrast, a recent study using the BUNV minigenome system showed that the viral 
polymerase was able to repair both insertions and deletions in model template RNAs, 


although this did not appear to involve the prime-and-realign mechanism. 


Schematics of transcription and replication based on information above are presented in 
Figures 16.7 and 16.10. 
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FIGURE 16.10 Transcription and replication scheme of ambisense-sense 
bunyavirus genome segments. The genome RNA encodes proteins in both 
negative- and positive-sense orientations, separated by an intergenic region that 
for some viruses has the potential to form a hairpin structure. The proteins are 
translated from specific subgenomic messenger RNAs (mRNAs), with the 
mRNA-encoding protein 2 transcribed from the antigenome RNA after the onset 
of genome replication. 


Encapsidation Signals 


The existence of specific RNA signals that drive the formation of RNPs has been proposed 
only for hantaviruses, as described above. For all other bunyavirales members, RNA 
sequence signals that drive specific interaction between viral RNAs and the cognate N 
protein have been proposed based on secondary structure predictions, but not formally 
identified. The observation that BUNV RNPs functional for RNA replication can be 
assembled with as few as 17 nucleotides from each of the 3’ and 5’ termini argues that if RNP 


na ge 5 : : aes 288 . 
encapsidation signals existed they would reside within these short UTRs. Interestingly, a 
stem loop structure comprising these nucleotides was predicted to form in the BUNV 5’ 


UTR, and proposed to bind N, as demonstrated by in vitro gel shift binding assays. 
However, it is also plausible that no such encapsidation signals exist, and instead, selective 
encapsidation of viral templates is driven by proximity of solely these RNAs to N protein in 
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viral replication factories, as well as the ability of the polymerase to interact with N, — thus, 
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ensuring encapsidation occurs simultaneous with polymerization. In support of this 


proposal, the recent high-resolution crystal structures of many bunyaviral N proteins do not 
provide any structural basis for sequence specificity that would favor the interaction between 
terminal sequences over any other. Work with BUNV has also suggested the terminal UTRs 
play an important role in segment packaging into virions, whereas the coding regions do 


not. Mutational analysis of the BUNV M segment revealed a conserved sequence within 
nucleotides 20 to 33 of the 5’ end of vRNA that was critical for maintaining the segment 


during serial passage of virus-like particles (VLPs). Variable packaging efficiencies were 
noted for the L-, M-, and S-segment—derived minireplicons, and packaging appeared to be 
independent for each. 


Host Factors 


Beyond the need for host-derived primers for initiating mRNA synthesis, little is known 
about the role that host factors might play in viral replication. One putative host transcription 
factor is an approximately 40-kD protein isolated from the main insect vector of TSWV, and 
it was shown to bind to the viral RdRp at its C-terminus and to the viral RNA at its N- 
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terminus. Both this protein and reticulocyte lysates were needed for RNA synthesis in vitro, 
indicating that other cellular factors are also required. Expression of this protein in 


mammalian cells rendered them permissive to TSWV replication. - As is the case for a 
number of other negative-strand RNA viruses, heat-shock protein 90 (Hsp90) appeared 
essential for LACV replication in that virus yields were diminished in cells treated with 


Hsp90 inhibitors like geldanamycin due to destabilization of the viral L protein. 


Translation and Processing of Viral Proteins 


Viral polypeptides are synthesized shortly after infection, with S and L mRNAs translated on 
free ribosomes and M mRNAs translated on membrane-bound ribosomes. Expression 
products vary among the genera, and even within a genus. 


S-Segment Products: N and NSs 


The N protein is the most abundant viral product in virions and infected cells, and while the 
most prominent role of N is in the encapsidation of viral replication products, it is becoming 
clear that N plays several other important structural roles in the viral multiplication cycle. For 
example, N interacts with Gn and Gc, postulated to mediate virion assembly, and N interacts 
with L, possibly to drive formation of RNPs and mediate encapsidation. In addition, some of 
the larger N proteins of the hantaviral and nairovirus groups (Table 16.1) have been shown to 


possess activities unrelated to RNA binding, such as interaction with a diverse set of cellular 
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proteins relating to translation, ° protein folding ° > 
29 


regulators of innate 
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immunity, » and the cytoskeleton. ° 


The high-resolution crystal structures of N proteins from several members of the 
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Hantaviridae, * Peribunyaviridae, ° Nairoviridae ° and Phenuiviridae 
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families » » °» have been solved, with a sole example solved for the tospoviruses (Fig. 


16.11). In the case of orthobunyaviruses and phleboviruses (Phenuiviridae family), which 
possess N proteins within the smaller size range (Table 16.1), the solved structures are of 
both RNA-bound and RNA-unbound multimeric forms, which has revealed important 
information relating to the mechanism of RNA binding and N—N multimerization. BUNV, 
LACYV, Schmallenberg virus (SBV) and Leanyer orthobunyavirus possess globular N proteins 
that are almost entirely alpha-helical in composition, with a positively charged RNA binding 
groove that bisects a bilobed globular core and primarily interacts with the phosphate 
backbone of RNA through electrostatic and polar interactions, with each N monomer 
contacting 10 to 11 nucleotides. Orthobunyavirus N proteins possess flexible N- and C- 
terminal arms that each contact one adjacent monomer, thus providing the basis for 
multimerization. The RNA is buried deep within the binding cleft, on the inner face of the 
multimer forms, with the bases inaccessible from the outside, thus requiring transient 
dislocation of the RNA from N in order for the polymerase to copy the RNA template. The 
orthobunyaviral N proteins all have a tendency to form predominantly closed and planar 
tetrameric rings when generated in heterologous expression systems, with a diameter that 
closely matches that of the assembled RNP extracted from virions. However, the tetramer 
unit is unlikely to represent the RNP building block in this closed form, and the relevance, if 
any, of this multimer in the replication cycle is unclear. The extended N- and C-terminal arms 
permit considerable flexibility in the assembled N multimer, which is also seen in RNPs 
purified from viruses, that while being uniformly circular are heterogenous in their overall 
morphology (Fig. 16.12). 


CCHFV/LASV NP alignment 


FIGURE 16.11 Crystal structures of N proteins from prototypic members of 
five families within the Bunyavirales order. A and B: BUNV peribunyavirus, 
HTNV hantavirus, TSWV tospovirus, RVFV phenuivirus and CCHFV nairovirus 
structures shown as ribbons with the N terminal lobe in pink and C terminal lobe 
in blue. Enlarged structural alignments of CCHFV and Lassa arenavirus 
nucleoproteins, with one alignment rotated 180 degrees. Ribbon models drawn 


with Pymol using PDB codes as follows: BUNV 4IJS; HTNV 5FSG; TSWV 
5IP1; RVFV 4H5M; CCHFV 3U3I. (Figure courtesy of Francis Hopkins, 
University of Leeds, UK.) 


FIGURE 16.12 Bunyavirus RNPs adopt different morphologies. A: Rift 
Valley fever virus (RVFV) RNPs purified from infected cells and visualized by 
negative staining reveals a highly flexible morphology, represented in 
diagrammatic form (B) as a series of NP monomers that each only contacts one 
adjacent neighboring monomer through the N-terminal arm (red). The 
dimensions of the hexameric N ring are inconsistent with the monomer providing 
the RNP building block. C: A negatively stained Bunyamwera virus (BUNV) L- 
segment RNP purified from virions appears more rigid, with straight sections 
(one example is boxed). D,E: The diameter of the RNP is more similar to that of 
N tetramer rather than the monomer, suggesting differences between RVFV and 
BUNV RNP assembly strategies. 


The members of the Tospoviridae family also possesses relatively small N proteins 


(Table 16.1), and the crystal structure of the type species TSWV reveals a very similar 
overall fold to that of the four orthobunyaviruses described above, with somewhat 


reduced structural similarity with N from TOSV and RVFV phleboviruses, and SFTSV from 
the Banyangvirus genus, described below. As with orthobunyaviruses, N-N multimerization 
is mediated through extended and flexible N- and C-terminal arms that contact adjacent 
monomers, with a C-terminal helix providing additional interprotomer contact, suggested to 
make TSWV RNPs more stable during inter—plant cell transport. Solution of the structure of 


the TSWV N co-crystalized with nucleic acids albeit at low resolution revealed a high 
degree of similarity with the SBV orthobunyavirus RNA-binding groove. 


The N proteins of phleboviruses RVFV and TOSV exhibit a tendency to form hexamers 
in solution, and structural analyses show both possess highly flexible N-terminal arms but a 


C terminus that lies against the globular body and not in contact with adjacent N 
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molecules. > > ° This different oligomerization strategy compared with 


orthobunyaviruses and tospoviruses may explain the different morphologies of the respective 
RNPs extracted from infected cells or virions, with phleboviral RNPs appearing more 
flexible (Fig. 16.12). In the case of apo-N from RVFV, the N-terminal arm lies on the 
monomer surface to sterically block the RNA-binding groove, and this interaction has been 
proposed to autoinhibit the interaction of monomeric N with RNA, possibly preventing its 
association with nonviral RNAs. However, upon N—N multimerization the N-terminal arm 
relocates to interact with an adjacent N monomer within a hydrophobic cleft, thus exposing 
the RNA binding groove and providing a mechanism where multimerization and RNA 
binding are mechanistically coupled. The TOSV N protein co-crystalized with RNA as a 
series of staggered hexamers, and it has been proposed that RNA binding induces an upward 
shift in the position of adjacent N monomers, transitioning a planar ring into one with proto- 


helical properties. In yet another twist of the virus family tree, the phlebovirus N protein 
exhibits structural similarity to the RNA-binding capsid protein of positive sense RNA plant 


viruses from the potyvirus genus, implying a shared genetic origin, perhaps as a consequence 
. lost 4 
of the shared arthropod phase of their respective replication cycles. 


Despite exhibiting little in the way of nucleotide sequence similarity, the crystal 
structures of the SNV, HTNV, and ANDV hantavirus N proteins reveal distant structural 
homology between orthobunyaviral and phleboviral N proteins, sharing the same gross 
structural architecture that constitutes a bi-lobed globular core that is bisected by an RNA 


binding groove flanked by flexible N and C terminal arms, with the N-terminal arm 
forming a coiled coil domain.» Interestingly, HTNV N shows partial but close structural 


homology with tumor suppressor PDCD4, which has been shown to interact with elF4A,~ 
possibly to promote preferential translation of hantaviral mRNAs. 


The N proteins from members of the Nairoviridae family share no discernable structural 
homology to N from the orthobunyavirus, hantavirus or phlebovirus groups, and instead 
display considerable structural homology with N proteins from members of the Arenaviridae 


family,” recently incorporated into the Bunyavirales order. Rather than being bilobed, with 
flanking flexible arms, the nairovirus N proteins possess a globular core linked to a stalk (or 
arm) by a flexible loop. The N and C termini do not extend away from the globular core, and 
are instead located on its surface and thus are unlikely to mediate intersubunit interactions 
that drive assembly of RNPs. Instead, N—N multimerization is proposed to involve contact 
between the tip of the arm domain of one monomer and the base of the globular domain of a 
neighboring molecule. Interestingly, in the case of several nairoviruses, the residues that are 
involved in this interaction at the tip of the arm domain constitute a conserved caspase-3 
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cleavage site, at which site many of these N proteins are cleaved. » Recently, the rescue of 
CCHFYV lacking this DEVD motif was shown to be highly attenuated in tick cells, although 
not in mammalian cell lines, suggesting an important role for this site in the context of 


infection. As none of the nairoviral N proteins have been crystallized in complex with 
RNA, the location of the RNA binding surface is unclear, and no positively charged deep 
groove is evident. However, the above mentioned structural similarity with arenavirus N 
proteins, for which the RNA binding surface is known, suggests that RNA is bound within a 
positively charged crevice that extends from the beginning of the arm domain to the base of 
the globular domain. 


How the crystal structures of N monomers or closed multimers relates to that of N in 
virion-associated RNPs is unclear. However, in LACV, N crystallized in a superhelical form, 
with a diameter in close agreement to that of assembled RNPs purified from virions, 
suggesting this structure may be physiologically relevant, revealing how N monomers 
interact to build an extended multimeric chain (Fig. 16.13). Similarly, the CCHFV N was 
crystallized as antiparallel superhelical chains, revealing N—N interfaces that may play 


important roles in assembly of native RNPs (Fig. 16.13). Insight into the mechanism of 
orthohantaviral N—N multimerization and RNP formation was provided by the cryo-EM 
structure of full-length recombinant HTNV N, expressed in insect cells, which forms rigid 


helical filaments with a diameter similar to that of virion-associated RNPs_ (Fig. 16.13). The 


terminal arms of each monomer contact each other through subdomain exchange, and also 
contact the core domains of neighboring monomers. While these terminal arms are connected 
to the globular core by flexible hinges, each monomer contacts a total of six other protomers 
within the helical assembly, contributing to the rigidity of the structure. In contrast, native 
hantaviral RNPs are circular, indicative of considerable flexibility and suggesting that N 
within such RNPs must undergo other conformational rearrangements absent in the 
recombinant filaments. 
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FIGURE 16.13 Helical assemblies of bunyaviral N proteins. A: The P4, 


crystal of N from La Crosse orthobunyavirus (LACV). B: The P3121 crystal 
form of RNA-free CCHFV N, strain IbAr10200 (PDB code: 4aqf). C: The 
helical RNP model of Toscana phlebovirus, based on the crystal structures of 
RNA-free and RNA-bound N hexameric rings. D: Cryo-EM structure of the 
recombinant Hantaan virus N-RNA complex. (A , B , and C taken from Sun Y, 
Li J, Gao GF, et al. Bunyavirales ribonucleoproteins: the viral replication and 


transcription machinery. Crit Rev Microbiol 2018;44:5, 522-540. D taken from 
Arragain B, Reguera J, Desfosses A, et al. High resolution cryo-EM structure of 
the helical RNA-bound Hantaan virus nucleocapsid reveals its assembly 
mechanisms. eLife 2019;8:e43075.) 


For all these bunyaviral N proteins, the mechanism of RNA encapsidation during genome 
replication is poorly understood, although the recent solution of crystal structures of many N 


proteins as well as the LACV RdRp provide some important clues, from which an 
excellent working model has arisen. This model posits that the RNA template transiently 
dissociates from N during polymerization to expose the RNA bases for copying, and the 
nascent replication product is encapsidated as it emerges from the RdRp exit channel by 
addition of single N monomers. 


The S segments of viruses in the Phlebovirus and Orthotospovirus genera and some 
viruses in Orthonairovirus, Orthobunyavirus, and Orthohantavirus genera encode NSs 
proteins in addition to their N proteins. Sizes of NSs range from 10 kD for orthobunyaviruses 
and orthohantaviruses to more than 50 kD for orthotospoviruses (Fig. 16.1). As the name 
suggests, the various bunyaviral NSs proteins are nonstructural and possess diverse roles that 
can be broadly described as suppressors of innate immunity (see below), with the best- 
studied example being NSs from the phlebovirus RVFV. RVFV NSs is a major pathogenicity 
factor, with both naturally occurring and engineered variants of RVFV lacking NSs unable to 
inhibit interferon production and thus being apathogenic in mice. RVFV NSs accumulates in 


the nuclei of infected cells where it forms large and dense fibrillar structures (Fig. 16.14) 
comprising NSs as well as multiple nuclear proteins including p44 and XPB of TFIIH, as 


well as SAP30 and YY1. > although it is not clear whether filament formation is required 
for the NSs function. 
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FIGURE 16.14 Rift Valley fever virus NSs protein accumulates in the 
nucleus as an ultrastructural filament. A: BHK cells infected with Rift Valley 
fever virus (RVFV) were stained with an anti-NSs antibody showing fibrillar 
structures in the nucleus. NSs fibrils do not form during infection with 
recombinant RVFV expressing NSs with alterations at critical fibril interfaces. B: 
Surface rendered model of the double helical NSs filament, with individual 
monomers alternatively colored, and with 6 monomers per 180-degree turn. 
(Figures taken from Barski M, Brennan B, Miller OK, et al. Rift Valley fever 
phlebovirus NSs protein core domain structure suggests molecular basis for 
nuclear filaments. eLife 2017;6:e29236.) 


The structure of a soluble core domain of RVFV NSs (NSs AN-AC) missing terminal 
residues 1 to 83 and 248 to 265 revealed a novel all-helical fold, which formed double helical 


fibrils within the crystal lattice, stabilized by multiple interfaces ~ (Fig. 16.14). The 
dimensions and architecture of these fibrils were comparable with fibril bundles that build up 
the characteristic nuclear filaments, and structure-guided mutagenesis of NSs AN-AC 


multimer interfaces allowed critical residues in filament formation to be identified. The 
ability of NSs AN-AC to form filaments in virus-infected cells shows the termini are 
dispensable for this activity but conflicts with the finding that NSs binds p62 through a 
conserved C terminal QXaV motif (deleted in NSs AN-AC) that is also proposed to be 


required for filament formation.» 
Comparing the deduced amino acid sequences of NSs for five different phleboviruses 


revealed similarities of only 17% to 30%. However, comparison of the NSs gene sequences 
for a number of strains of a single phlebovirus, RVFV, showed that certain areas were highly 
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conserved. ‘These data suggest that there may be a strong evolutionary pressure to maintain 
distinct portions of the NSs for individual viruses but that the remainder of the protein can 
diverge without affecting the function of NSs. 


As RVFV NSs is expressed by ambisense transcription, it requires the CRNA template for 
protein production. Earlier work suggested that the NSs of phleboviruses and tospoviruses 
were only synthesized after onset of viral replication at later times of infection, required to 
generate the CRNA template. However, recent work with RVFV indicates that virions can 
encapsidate S-segment cRNAs and that these incoming cRNA RNPs can serve as templates 


for transcription of NSs mRNA. The outcome of this is that NSs is expressed early in 


infection, in agreement with reports that innate immunity is activated upon entry of RNPs. 
Also, the NSs of three orthobunyaviruses all inhibited BUNV RNA synthesis in a dose- 
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dependent manner in a minireplicon system. These results were suggested to indicate a 
function for NSs in regulating the activity of the RdRp, in addition to their role in interferon 
antagonism, apoptosis, host-range determination, and gene silencing described below. 


M-Segment Products: Gn, Gc, and NSm 


Without exception, the bunyaviral M segment encodes a glycoprotein precursor (GPC) that is 
cotranslationally cleaved by various proteases to generate two viral envelope glycoproteins 
(GPs), Gn and Gc, and following heterodimerization, these form the viral spikes involved in 
virus entry. However, there are significant differences among the bunyaviruses in the way the 
GPC is processed, and also in the GPC-derived products that are generated. 


M-segment gene products have a high cysteine content of approximately 4% to 7%, with 
the positions of these residues being highly conserved within families, suggesting that 
extensive disulfide-bridge formation may occur and that the positions may be crucial for 
determining correct polypeptide folding. The secondary structure of the proteins is also 
involved in immunogenicity, as indicated by the finding that neutralizing or protective 
epitopes are often nonlinear. 


All M-segment polyproteins display variable numbers of predicted transmembrane 
regions, and a hydrophobic sequence at the carboxy-terminus, indicative of a membrane 
anchor region. Therefore, the M-segment translation products of viruses in the order 
Bunyavirales are typical class 1 membrane proteins, with their N terminus exposed on the 


surface of the virion and a membrane anchor within the C terminus, with a small number of 
C-terminal residues potentially exposed within the virion interior. 


The Gn and Gc proteins of all characterized bunyaviruses possess asparagine-linked 
oligosaccharides. Examination of the oligosaccharides attached to the Gn and Gc proteins of 


orthobunyaviruses revealed that Gc has mostly high-mannose glycans, whereas Gn contains 
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both complex and a novel intermediate-type oligosaccharide. » ° In contrast, the GPs of 


hantaviruses were found to be mostly of the high-mannose type. These findings indicate 
that the proteins are incompletely processed through the Golgi. This is likely related to 
retention of Gn and Gc in the Golgi, where assembly occurs, discussed more fully below. 
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In some orthobunyaviruses, nairoviruses, and phleboviruses, but not hantaviruses, 
processing of the GPC generates an additional nonstructural protein known as NSm, and the 
characteristics and functions of this module are discussed below. In addition, some 
nairoviruses further process GPC to generate additional polypeptides that are proposed to 
have other nonstructural roles, also described below. 


The GPC polyprotein of bunyaviruses is not seen in infected cells, and has been observed 
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only by in vitro translation of RNA transcripts in the absence of microsomal membranes. 


For orthbunyaviruses, hantaviruses, and phleboviruses, both Gn and Gc are preceded by 
signal peptide (SP) sequences, and therefore, cleavage of the polyprotein precursor is likely 


mediated cotranslationally by host signal peptidase (SPase) in the ER. In the case of 
BUNV orthobunyavirus, the GPC constitutes a single ORF with Gn, NSm, and Gc modules 


arranged in that order, and being released by SPase cleavage at their respective N termini. 
Cleavage at the Gn/NSm boundary was shown to occur at an internal SPase cleavage site 
located within domain 1 of NSm, releasing pre-Gn in which the SP was still attached to the 


Gn C-terminus (Pre-Gn). The SP was cleaved from the C terminus of pre-Gn to yield Gn 
by further processing by signal peptide peptidase (SPP) in the ER. The function of NSm 
remains unclear; its hydropathy profile suggests that it is a membrane-bound protein, and 


expression studies demonstrated that it localizes to the Golgi along with Gn and Cs 
Although a function for this protein has not been identified, localization studies suggest that 
Sci ae se . . 121 400 

it might be involved in facilitating virion assembly in the Golgi. 

Release of the Gn, Gc, and NSm proteins from the GPC of the insect-borne 
phleboviruses also involves SPase cleavage, although in the case of RVFV, the protein 
modules are arranged with the NSm module located at the N terminus of the GP, thus in the 
order NSm, Gn, Gc (Fig. 16.15). Nucleotide sequence studies revealed five in-frame 
translation initiation codons (AUG) upstream of the N-terminus of Gn. Mutational analysis 
of those codons indicated the fourth and the fifth AUGs to translate Gn and Gc. Whilst NSm 
was found to originate from the second AUG and a 78-kDa polypeptide, representing 
uncleaved NSm and Gn, was translated from the first AUG.” Pulse-chase experiments 
revealed no precursor—product relationship between the 78- and 14-kDa proteins; therefore, it 
appears that use of the first and second AUGs, respectively, is what dictates generation of 


these proteins. Both the 14-kDa NSm and the 78-kDa polypeptide are found in abundance 


in RVFV-infected cells, suggesting that they might play a role in replication or 
morphogenesis. A RVFV mutant rescued with M-segment mutations ablating NSm 
expression was indistinguishable to wild-type in its growth characteristics, suggesting NSm 


was dispensable for RVFV multiplication. 


RVFV MmRNA 
5 IN 3’ 


RG 
ba 
UUKV M mRNA 
SS SS _§H 3’ 


Ss 


FIGURE 16.15 Expression of phlebovirus M-segment encoded gene 
products. Schematic representation of the gene products, AUG codons 
(lollipops), and proteolytic cleavage sites (arrows) of the M segments of Rift 
Valley fever virus (RVFV), Punta Toro virus (PTV), and Uukuniemi virus 
(UUKV). 


An even larger NSm (~30 kDa) is cleaved from the amino terminus of the M-segment 
polyprotein of the phlebovirus, PTV (Fig. 16.15). In vitro expression studies indicated that 


both envelope GPs could be produced in the absence of the NSm coding region, — but other 
studies to evaluate the use of the 13 potential translation initiation codons present in the NSm 
coding information have not been reported. No homology between the NSm proteins of PTV 


and RVFV was apparent. 


In contrast to the mosquito-borne phleboviruses PTV and RVFV, the tick-borne 
phlebovirus UUKV does not produce an NSm (Fig. 16.15). The first (and only) initiation 
codon preceding sequences of the envelope GPs is located 17 amino acids upstream of the 


amino terminus of Gn: hence, the Gn protein of UUKV appears to be analogous to the 78- 
kDa NSm-Gn fusion product produced by RVFV (although there is no obvious sequence 
homology of these predicted products). Until a function can be assigned to NSm, it is 
impossible to determine whether UUKV replicates in the absence of such a function or 
accomplishes whatever function is required without removal of a portion of the amino 
terminus of Gn. 


Alternative GPC processing pathways have also been identified, with nairoviruses 
relying on proteases other than signalase for their GPC processing events (Fig. 16.16). The 
nucleotide sequences of Dugbe virus (DUGV), CCHFV, and NSDV M segments reveal the 
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presence of characteristic Gn and Gc modules, as well as NSm. However, studies using 


CCHFV demonstrate the Pre-Gn moiety is extremely large at approximately 140 kDa, 
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suggesting additional coding capacity. > > °» ° Studies show PreGn is further processed to 


the mature 37-kDa Gn by cleavage with a cellular secretory pathway protease, SKI-1, early 
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in the secretory pathway at a consensus motif, RRLL. » SKI-1 cleavage generates a 


subprecursor of two other polypeptides that is cleaved by a furin-like protease at a later stage 
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in the secretory pathway. This cleavage site is completely conserved among several 


CCHFYV strains, suggesting that it has importance for viral replication or pathogenicity. 
The amino-terminal portion of this subprecursor is a highly variable (among CCHF'YV strains) 
polypeptide with mucin-like characteristics, including numerous serines, threonines, and 
prolines and predicted extensive O-linked glycosylation. The carboxy-terminal portion of the 
subprecursor is a 38-kDa nonstructural polypeptide. After furin cleavage, secreted proteins 
GP38, GP85, and GP160 and the mucin-like protein are produced, and it is presumed these 
products reflect extensive O-linked glycosylation differences. Although the PreGc precursor 
also possesses a SKI-1-like cleavage motif, SKI-1 cleavage could not be demonstrated for 


this protein, so it is likely that a related enzyme is responsible for the processing to yield 
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mature Gc. The importance of furin cleavage in this processing pathway was confirmed by 
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experiments with rescue of a CCHFV mutant lacking a functional furin site, which was 
highly attenuated in infectious virus production. While the role of the mucin-like domain is 
unknown, GP38 appears in a secreted form and has been proposed to act as an immune 
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decoy. 
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FIGURE 16.16 Processing of the nairovirus M-segment—encoded 
polyprotein. Arrows indicate the known and predicted cleavage site positions 
and their sequence motifs. Lollipop shapes represent predicted N-linked 
glycosylation sites. Cleavage events are represented sequentially, and the protein 
products and their sizes are indicated (middle and bottom panels). Black bars 
represent transmembrane (hydrophobic) regions. Amino acid positions are based 
on Crimean—Congo hemorrhagic fever virus (CCHFV) strain IbAr 10200. 


38 kDa 


(Modified from Bergeron E, Vincent MJ, Nichol ST. Crimean-Congo 
hemorrhagic fever virus glycoprotein processing by the endoprotease SKI-1/S1P 
is critical for virus infectivity. J Virol 2007;81:13271—-13276.) 


Unlike all other viruses in the family, the NSm protein of tospoviruses is translated from 


an ambisense mRNA. It is also the only NSm protein in the family to have a definitively 
assigned function. By subcellular fractionation of infected plants, or in thin-section 
immunoelectron microscopy studies, the NSm of TSWV was found to be present in cell 
wall—containing fractions or associated with aggregates of nucleocapsids and with the 
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plasmodesmata. Expression of the NSm protein in plant cells or insect cells revealed that 
the protein first appeared near the cell surface and later as tubular structures protruding from 
the cell surface. In infected leaf tissues, the tubules were observed only in the 


plasmodesmata. These findings are characteristic of proteins able to aggregate into 
plasmodesmata-penetrating tubules that allow cell-to-cell movement of the virus across the 
cell walls in infected plants. In several other studies, the TSWV NSm protein was shown to 
have additional characteristics of plant movement proteins, including sequence similarity, 
expression during the early stages of infection, and RNA-binding activity. Formal proof of 
this function was obtained from experiments in which NSm of TSWV was able to 
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complement cell-to-cell movement of a movement-defective tobacco mosaic virus vector. 
This expression system was also used to show that NSm alone induced tubule formation in 
protoplasts and induced TSWV-like symptoms in Nicotiana benthamiana, and separate 


domains within NSm have been mapped for each of these functions. More recently, the 
TSWV NSm protein has been shown to be physically associated with the endoplasmic 
reticulum (ER), which extends throughout plants via the ER-desmotubule, providing the 
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basis for TSWV movement and dissemination. NSm was found to be expressed in its 
natural thrip insect vector, but did not aggregate into tubules, leading to the suggestion that 


NSm might only have a role in the plant portion of the tospovirus replication cycle. 


As described above, the viral spikes must perform multiple roles including interaction 
with host entry factors during virus binding, as well as mediating the fusion of viral and 
endosomal membranes, thus releasing the RNPs into the cytosol (Fig. 16.17). Recent 
structural analyses of several bunyaviral Gn/Gc spikes using both crystallography and cryo- 
EM techniques has provided important insight into these critical virus activities, and has 
illuminated the molecular basis of these functions. The fusogenic component of all 
bunyaviral Gn/Gc heterodimer resides within Gc, all of which are class-II fusion proteins 
comprising predominantly beta-sheet secondary structural elements. Crystal structures of the 


phlebovirus RVFV and SFTSV Gc proteins in pre- and postfusion confirmations > 
characterized the conformational changes predicted to occur during pH triggered fusion, as 
well as identify the potential histidine residues involved in pH-sensing activities, and the 
hydrophobic fusion loops. 
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FIGURE 16.17 Structure and function of bunyavirus spikes. A: Crystal 
structures of Gc from RVFV, SFTSV and PUUV from the Phlebovirus genus, 
HTNV from the Hantavirus genus, and rubella virus from the Togaviridae family 
of positive-sense RNA viruses. Ribbon structural models drawn with Pymol 
using PDB codes as follows: RVFV 6EGU; STFSV 5G47; PUUV RJ81; HTINV 
5LJZ; RV 4ADG. (Figure courtesy of Francis Hopkins, University of Leeds, 
UK.) B: Model for fusogenic activation of phleboviral Gn/Gc spikes in response 
to the lowered pH of endosomal compartments. In (i), Gn/Gc heterodimers on 
the virus surface, with Gn domains A, B and the beta-ribbon colored teal, green 
and purple, respectively located on top of Gc domains I, II, and III colored red, 
yellow, and blue respectively. The Gc fusion loops are buried and colored 
orange. In (ii), the biochemical changes that occur during transit through the 
endosome network induce conformational change, whereby Gn domains move to 
the side, as Gc domains extend exposing the fusion loops of each monomer at its 


apex, to insert into the target membrane. In (iii), the Gn/Gc moieties dissociate, 
allowing redistribution of Gc, leading to further conformational changes that 
culminate in formation of Gc trimers within the fused membrane. (Schematic 
taken from Halldorsson S, Li S, Li M, et al. Shielding and activation of a viral 
membrane fusion protein. Nature Commun 2018;9:349.) 


By solving the crystal structure of RVFV Gn and docking the resulting Gn/Gc structural 
model into a cryo-EM derived structural model of the RVFV spike envelope, the location of 
Gn and Gc on the virion surface was determined, which confirmed the existence of Gn/Gc 


heterodimers, and defined their interacting interfaces. By comparing the structures of 
Gn/Gc heterodimers with and without the provision of biochemically relevant lipids at low 
pH, the conformational changes associated with membrane interaction were observed, which 
revealed exposure and insertion of the Gc fusion loop in concert with a dramatic 
conformational shift of Gn. These findings suggested that in the prefusion state, Gn shields 
the hydrophobic fusion loop of Gc, blocking premature fusion until the appropriate cellular 
compartments are reached. Gn conformational changes allow extension of Gc and insertion 
of the fusion loop into target membranes, driving subsequent fusion events. The fusion event 
is facilitated by the ability of Gc to sequester glycerophospholipid head groups within a 
binding pocket under the fusion loop that participate in polar interactions, thus stabilizing the 
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inserted fusion loop. 


Similar conformational changes in Gn and Gc structure have also been described for 


Hantaan and Puumala hantaviruses, which share significant structural similarity despite their 
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different geographic origins.’ » ° As for phlebovirus Gn/Gc assemblies, lowered pH 


induces dramatic conformational changes, allowing dissociation of the Gn/Gc lattice that is 
proposed to stearically facilitate the extension and insertion of the Gc fusion loop into the 
host cell target membrane. As for phleboviruses, Gn has been proposed to provide a shielding 
role to Gc, with structural rearrangements of the hantaviral glycoprotein lattice in response to 
appropriate biochemical cues resulting in exposure of the fusion loop, and its availability for 
insertion into target endosomal membranes. 


L Segment Product: L Polymerase Protein 


As their name suggests, bunyavirus L proteins are large, with those of the Peribunyaviridae, 
Hantaviridae, and Phenuiviridae families possessing molecular weights around 240 kDa, 
whereas members of the Tospoviridae and Nairoviridae families are somewhat larger, around 
330 to 450 kDa respectively (Fig. 16.1). To mediate both primed synthesis of mRNAs, as 
well as nonprimed synthesis of VRNA from cRNA templates, these RdRps must possess 
numerous enzymatic activities including endonuclease, transcriptase, replicase, and probably 
cap-binding. 


All RdRps for which the structure has been solved adopt a canonical RdRp fold, often 


described as a right hand with a palm, fingers and thumb domains containing catalytic core 
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motifs, » » »* andthe recently described crystal structure of a near full-length construct of 


LACV L (Fig. 16.18) (residues 1—1,750; 77%) is no exception to this. The LACV RdRp 
possesses much structural similarity with the RdRp from the segmented negative stranded 
influenza virus, and alignment of the two molecules shows that the PA, PB1, and PB2 


subunits can be mapped head-to-tail onto the LACV structure, in that order. The central 
RdRp core domain of LACV L (residues 760—1,432) maps to IAV PB1 and constitutes the 
palm, fingers, fingertips, and thumb features. In LACV, this central RdRp core is buttressed 
by substantial extensions: on one side by a N-terminal region (residues 1—759) corresponding 
to PA, and on the opposite side by a C-terminal region that aligns with the N-terminus of PB2 
(PB2-N) constituting LACV residues 1,433-1,750. The C terminal residues of the LACV L 
(1,751—2,263) were not represented in the LACV L expression construct, but likely 
correspond to the C terminal portion of PB2, which includes a cap-binding domain, although 
the existence of cap-binding activity or an associated domain in any bunyaviral RdRp has yet 
to be confirmed. 
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FIGURE 16.18 The crystal structure of the LACV RNA-dependant RNA 
polymerase (RdRp). The RdRp is shown bound to RNAs constituting 3’ and 5’ 
VRNA sequences, with red arrows showing entrances to tunnels that permit entry 
and exit of template, product, and NTP substrate, and the active site is marked 


with a red dashed oval. (Structural model drawn using Pymol from PDB code 
5AMQ, and annotated with information from Gerlach P, Malet H, Cusack S, et 
al. Structural insights into Bunyavirus replication and its regulation by the VRNA 
promoter. Cell 2015;161(6):1267—1279. doi: 10.1016/j.cell.2015.05.006. Figure 
courtesy of Francis Hopkins, University of Leeds, UK.) 


The N-terminus of the LACV L protein (residues 1-184) contains the endonuclease 
domain, responsible for generation of the capped RNA primers, and bears a high degree of 
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structural similarity to the influenza virus endonuclease within PA. » Both endonucleases 
are members of the PD-(D/E) <x K_ cation—dependent superfamily, and _ structural, 


bioinformatic, and functional analyses indicate that viruses in all the other Bunyavirales 
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families contain a similar domain, > » *» ° ° ° * ° suggesting a common origin of the 


cap-snatching process of segmented negative sense viruses. The LACV endonuclease is 
linked to the rest of the PA-like region by an extended flexible linker (residues 185-270) that 
may permit significant mobility of this domain. Residues 271 to 759 can be divided into two 
lobes, one of which interacts in a sequence-specific manner with the two vRNA termini at 
separate binding sites, while the other buttresses the thumb and palm of the RdRp core. 
Within the central PB1-like RdRp core (residues 760—1,432), the palm domain comprises 
conserved polymerase motifs A-D, while the fingers represent motif F. Together, these 
regions build up the internal active site chamber, within which the active site is located and 
accessed by four solvent accessible tunnels. Two of these are assigned as template entry and 
exit tunnels, which are adjacent and force the template through an internal path 
approximately 20 nucleotides in length, passing alongside the active site. The confined 
dimensions of the polymerization chamber do not permit the formation of an extensive 
template/product hybrid, and instead the strands are forced to separate, with the nascent RNA 
product exiting the complex through the third tunnel, the product exit channel, with the 
fourth channel assigned to rNTP entry. The proximity of the template entry and exit channels 
potentially allows the RNA to be extracted and replaced within the N protein RNA binding 
groove within the RNP without breaking N—N interactions nor exposure of the RNA (Fig. 
16.18). Access of the capped RNA oligomers to prime transcription are postulated to enter 
the active site through the product exit channel, as is the case for influenza virus, facilitated 
by the flexibility of the endonuclease linker. 


This first high-resolution structure of the bunyavirus RdRp has allowed an elegant model 
to be proposed, which describes the concerted events involved in bunyavirus RNA 
replication (Fig. 16.19). Critical features of this model include transition of an inactive 
preinitiation RNA-L complex into an active form by relocation of the 3’ vVRNA end, the 
ability of RNA to transiently dissociate from N without disruption of the N—N multimeric 
chain, and the association of the nascent replication product with a second polymerase with 
associated N, thus ensuring encapsidation of the newly synthesised RNA strand, and 
maintaining the replication competance of the subsequently formed RNP. Cap-dependant 
mRNA transcription will likely involve major mechanistic differences, allowing access of the 


capped oligoribonucleotide to the active site, preventing encapsidation of the nascent RNA 
and thus allowing recognition of transcription termination signals that are presumably within 
the nascent transcript. 
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FIGURE 16.19 Model describing bunyavirus RNA replication. The initial 
RNP cartoon (step1/8) shows the resident polymerase (purple) in its preinitiation 
state with vRNA 3’ (red) and 5’ (cyan) sequences bound at sites on the 
polymerase surface. Tunnels for template entrance (TEn), template exit (TEx), 
nascent RNA, and NTP entry are marked. NP molecules are represented as 
circles with N- and C- terminal arms, bound to 11 nucleotides of RNA forming 
the RNP chain. In step 2, the 3’ VRNA end becomes relocated in the active site, 
and in step 3, CRNA synthesis begins, and in step 4, the nascent CRNA emerges 
from the RNA exit channel. The proximity of TEn and TEx allow only a short 
RNA sequence to enter the active site, and thus the disruption of the RNA-NP 
template is minimal and may affect only one or two NP monomers. In step 5, an 
apo-L (green) complete with bound NP recruits the newly synthesized 5’ end, 
allowing encapsidation to commence. Further NP molecules join the growing 
CRNA strand, until the 5’ end of the template passes through the active site, to 
rebind on the surface of the encapsidating (green) polymerase, shown in steps 6 
and 7a. All 3’ and 5’ ends relocate to surface-bound locations, the newly name 
CRNA complete with resident RdRp can generate further VRNAs, and the cycle 
can begin again, step 7b. (Figure adapted from Gerlach P, Malet H, Cusack S, et 
al. Structural insights into Bunyavirus replication and its regulation by the VRNA 
promoter. Cell 2015;161(6):1267-1279. doi: 10.1016/j.cell.2015.05.006.) 


The significantly larger L proteins of nairoviruses possess identifiable motifs of both the 
endonuclease and catalytic core domains, although these are located further toward the C 
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terminus of the molecule than in the other bunyaviruses. » Bioinformatics analysis 
revealed that the N terminus of the DUGV L protein contained a motif characteristic of 


’ : a ee 
cysteine proteases of the ovarian tumor (OTU) protein superfamily, which were also 


subsequently identified in CCHFV along with a C2H2 zinc finger domain, and motifs 
corresponding to a leucine zipper and the active site of topoisomerase 1. The OTU domain 
acts to remove both ubiquitin (Ub) and also the Ub-like protein IFN-stimulated gene 15 
(ISG15) from various cellular target substrates that serve as antiviral signaling platforms, 
thus it acts as both a deuquitinating enzyme (DUB) and also a de-ISGylase,” > 
although sequence and structure variation is high and not always are both these activities 


realized. The crystal structure of the CCHFV OTU revealed structural similarity to DUBs 
of both eukaryotic and viral origin, and revealed the molecular basis for Ub and ISG15 cross- 
substrate specificity. The catalytic activity of the OTU domain is not required for the RNA 


polymerase activity by CCHFV in a minigenome system ; however, it is essential for 
infectious virus production with the catalytic knock out C40A mutant CCHFV being 


nonviable. In contrast, CCHFV mutants with reduced Ub or ISG15 binding were highly 
attenuated for growth in IFN-competent cell lines. 


Morphogenesis 


Transport of Viral Proteins 


In contrast to other negative-strand RNA viruses, bunyaviruses usually mature within cells by 
budding at smooth membranes of the Golgi. The plant-infecting members of the family, the 
tospoviruses, also appear to assemble in the Golgi; however, it was suggested that instead of 


budding, there is a coalescence of Golgi membranes around the RNPs. Budding at 
membranes other than those associated with the Golgi have been reported for some viruses; 
for example, the hantaviruses, SNV, and Black Creek Canal virus (BCCV), and the 
phlebovirus RVFV were found to bud from the plasma membrane as well as in the Golgi in 


some cells.» The reason(s) for maturation of bunyaviruses in the Golgi complex as 
opposed to the more usual mode of viral morphogenesis (budding at the plasma membrane) 
are not understood completely; however, important clues have been obtained by studying the 
viral proteins’ transport to, and retention in, the Golgi. 


Golgi Targeting and Retention 


Expression of M gene segments of representative bunyaviruses demonstrated that Gn and Gc 
are targeted to the Golgi in the absence of other viral components. When expressed 


individually, Gn is able to exit the ER, but Gc remains in the ER for the orthobunyaviruses, 
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phleboviruses, nairoviruses, and tospoviruses. ° For hantaviruses, neither protein 


exits the ER when expressed separately. > For all studies to date, the signal for Golgi 
transport has been localized to Gn and complexing of Gn and Gc in the ER is necessary for 
efficient transport of Gc to the Golgi. Although ER retention signals have not been identified 
on Gc for most viruses, the phleboviruses have a characteristic carboxy-terminal ER 


retention motif (KKXX, where K = lysine and X = any amino acid). Evidently, this signal 
can be overcome when Gn and Gc oligomerize. For BUNV, the Golgi localization and 


retention signal was mapped to the transmembrane domain of Gn. The Golgi localization 
signal for the phleboviruses PTV and RVFV was identified within the transmembrane 


domain plus 10 (PTV) or 28 (RVFV) amino acids of the cytoplasmic tail.» The Golgi 
localization signal of another phlebovirus, UUKV, was found to be within a 30—amino acid 


peptide of the cytoplasmic tail. 


Similar expression studies with M-segment constructs of HTNV indicated that the ability 
of Gn to transport Gc to the Golgi requires the presence of the complete signal sequence of 
Gc. This suggests that the Gc signal peptide remains attached to the Gn cytoplasmic tail. This 
signal alone, however, is apparently not sufficient for Golgi targeting because M-segment 
constructs that maintained the Gc signal peptide but had other internal deletions in Gn or Gc 


failed to reach the Golgi. These results were interpreted to indicate that the correct 
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conformation of the oligomerized Gn and Gc is also important for Golgi targeting. 
Consistent with this is the observation that overexpression of SNV Gn resulted in the 


apparent accumulation of misfolded proteins in aggresomes. In addition, the cytoplasmic 
tail of Gn was found to be polyubiquitinated when expressed alone, suggesting that it would 
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undergo proteasomal degradation if not complexed with Ge. 


For the nairovirus, CCHF'V, removal of the transmembrane domain and cytoplasmic tail 
of Gn did not prevent Golgi targeting, and this soluble truncated Gn was still able to dimerize 


with Gc and transport both proteins to the Golgi. In another study, Golgi targeting was 
dependent on a signal found both in the hydrophobic region of the cytoplasmic tail as well as 
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in the ectodomain ; therefore, unlike other bunyaviruses, nairoviruses appear to have at 
least part of their Golgi-targeting signal in the ectodomain, rather than only in the 
transmembrane or cytoplasmic tail regions of Gn. 


Clearly, although there are definite signals targeting the viral glycoproteins to the Golgi, 
there is no consensus motif or even region of Gn conserved among viruses across the order. 


Trafficking Through the Golgi 


The Golgi complex consists of several subcompartments, including the cis-, medial-, and 


trans-Golgi. By using the fungal antibacterial reagent Brefeldin A, which inhibits transport 
of proteins out of the ER and causes a redistribution of the Golgi component to the ER, the 
GPs of the phlebovirus PTV were found to be localized in the cis and medial Golgi 
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membranes. Similar redistribution of Gn and Gc from the Golgi to the ER were observed 
following Brefeldin A treatment of cells infected with vaccinia virus recombinants expressing 


the M segment of BUNV.  Immunohistochemical and electron microscopy studies of the 
phlebovirus UUKV demonstrated that budding may begin as early as the pre-Golgi 
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intermediate compartment and that virus budding continues in the Golgi stack.» 
Examination of the type and amount of oligosaccharides attached to viral proteins 
influences trafficking and provides clues regarding the transit of the proteins through the 
Golgi compartments. For example, shortly after primary glycosylation of nascent proteins at 
the ER, oligosaccharides are susceptible to cleavage by endoglycosidase H (endo-H), an 
enzyme that cleaves only high-mannose residues. Later, after removal of glucose residues at 
the rough ER, migration of the GPs to the smooth ER and Golgi, trimming of residues, and 
attachment of peripheral sugars, the oligosaccharides are no longer susceptible to endo-H 
cleavage. Therefore, acquired resistance to endo-H generally indicates that the proteins have 
been processed through specific Golgi compartments as described earlier (see “M-segment 


products”). For the nairovirus CCHFV and the hantavirus HT'NV the GPs remain endo-H 
sensitive, suggesting that they have not been processed through the medial Golgi. > In 


contrast, the GPs of the orthobunyavirus, BUNV become endo-H resistant, so they can be 
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assumed to have moved through the trans-Golgi. 


To identify the roles of specific glycosylation sites on trafficking of HTNV GPs, a series 
of expression constructs were created in which each of the four glycosylation sites that are 
used on Gn and the single site used on Gc were mutated. Removal of the glycosylation site 
closest to the amino-terminus of Gn resulted in its inability to exit the ER and for a loss of 


reactivity with monoclonal antibodies to native Gn. Mutating the third glycosylation site in 
Gn was also poorly tolerated, and resulted in inefficient Golgi targeting and loss of 
monoclonal antibody reactivity. In contrast, mutating the single site on Gc or two of the other 
three sites of Gn were well tolerated. A similar study with BUNV indicated that the single Gn 
glycosylation site is absolutely required for correct protein folding, trafficking, and 
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infectivity. These data are consistent with results from another study, which will be 


described below, indicating that the processing of sugars plays a key role in maturation of 
303 


BUNV. 

The time required to convert between endo-H susceptibility and resistance correlates with 
the time needed for protein transport from the ER to the Golgi. For the phlebovirus PTV, 
heterodimerization occurred between newly synthesized Gn and Gc within 3 minutes after 
protein synthesis, and the dimers were found to be linked by disulfide bonds. The dimeric 
Gn-Gc proteins were observed both during transport and after accumulation in the Golgi 
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complex. For another phlebovirus, UUKV, it was found that the transport of Gn and Gc 
from their site of synthesis on the rough ER through the Golgi occurred at an estimated two 
to three times slower rate than that of most viral membrane GPs destined to be transported to 


the plasma membrane. That is, endo-H resistance was achieved at 45 and 90 to 150 


minutes for Gn and Gc of UUKV, compared to 15 to 20 minutes for the hemagglutinin 
protein of influenza virus or the G protein of vesicular stomatitis virus. The finding that 
UUKV Gn and Gc have different transport kinetics (i.e., Gn is incorporated into virions 20 
minutes faster than Gc) suggests that the dimers may arise from different precursor proteins, 
possibly because faster-folding Gn cannot dimerize with slower-folding Gc until Gc has 


reached its correct conformation. In this same study, the Gn and Gc proteins of UUKV 
were found to exit the ER quickly, but did not enter the Golgi for 15 to 20 minutes. These 
findings suggest that the Gn and Gc proteins may dimerize in an intermediate compartment 
between the ER and Golgi.» 


The NSm proteins are not known to play a role in transport or Golgi retention. For 
representative phleboviruses and orthobunyaviruses, expression of Gn and Gc in the absence 
of NSm had no effect on their transport to the Golgi; however, when the entire M segments 
were expressed, NSm co-localized to the Golgi with Gn and Gc, suggesting an interaction of 
these proteins before their exit from the ER. 


Assembly 


For assembly to occur, N, L as well as Gn and Gc must move to the same intracellular 


location. For the hantavirus, SEOV, N could first be observed approximately 2 hours after 
infection and accumulated as scattered granules in the cytoplasm. Although N was not 
observed in the Golgi, it could be observed to surround the Golgi by 24 hours after 


infection. The N proteins of the nairovirus CCHFV and the hantavirus BCCV were both 


observed in the perinuclear region of infected cells, and both were found to bind to actin. > 
Disrupting the cellular actin network by treatment with cytochalasin D reduced the assembly 
of infectious CCHFV, suggesting a role for actin in transporting N to the site of virion 
assembly. For BCCV, the N protein was found to be peripherally associated with Golgi 
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membranes, suggesting that the RNPs are recruited to the Golgi for assembly. In contrast, 
the CCHFV N protein was not found in association with Golgi membranes; therefore, it is 
unclear where the actual assembly site is for nairoviruses, and it was suggested that some sort 
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of novel structure close to the nucleus might be involved. Immunofluorescence and cell 
fractionation studies showed the L protein of TULV associated with perinuclear 


membranes with partial co-localization with Golgi matrix protein GM130. Similarly, an 
epitope-tagged L protein expressed from a recombinant BUNV was also identified within the 
perinuclear region, and cell fractionation studies showed L to be distributed in both cytosolic 


and microsomal fractions. These studies pointed to bunyaviruses establishing membrane- 
associated virus factories, similar to those described for flaviviruses, and this was confirmed 
by detailed electron microscopic analysis of BUNV-infected cells, which identified viral 
replication occurring in membranous structures built around the Golgi complex (Fig. 16.20). 
These comprised repetitive units of Golgi stacks, mitochondria, components of the rough ER, 


and virus-derived tubular structures with a globular head. The viral polymerase and N 
protein were found mainly in the globular head, and viral RNPs were released from 


disrupted, purified tubes. Viral tubes contain cellular proteins such as actin and myosin I, 
and both tube assembly and viral morphogenesis were sensitive to drugs that affect actin. 
Advanced imaging and three-dimensional (3D) reconstruction of infected cells showed that 
the tubes link cellular organelles, for example, mitochondria, to the Golgi and interact with 
intracellular viral forms, thereby providing a route for cellular factors required for genome 
replication. Based on these observations a model has been proposed (Fig. 16.21) whereby 
viral RNPs are transported from sites of replication in the globular domain to the cytoplasm 
where they condense on Golgi membranes modified by the insertion of Gn and Gc, and 
promote budding of immature particles into Golgi-derived cisternae that separate from Golgi 
stacks. Further studies using the orthobunyavirus OROV showed that Golgi membranes 
become remodeled by using the cellular ESCRT (endosomal complex required for transport) 
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machinery. As already mentioned, localization studies with BUNV suggest that the 
nonstructural protein NSm might be involved in facilitating virion assembly in the 
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Golgi. » 
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FIGURE 16. 20 Visualization of vical anne in Bunyamwera virus (BUNV)- 
infected BHK cells by electron microscopy. A: Viral factory (dashed white 
circle) shows groups of organelles near the nucleus (N). B: Higher magnification 
shows longitudinal (arrow) and transverse (arrowhead) sections of tubular 
structures in Golgi stacks (G). Virus particles (V) are also seen. C: Tubular 
assembly with a bigger globular domain (arrow). N, nucleus; G, Golgi stack; V, 
virus particle; scale bar represents 1 pm in (A) . (Modified from Fontana J, 
Lopez-Montero N, Elliott RM, et al. The unique architecture of Bunyamwera 
virus factories around the Golgi complex. Cell Microbiol 2008;10:2012—2028.) 


FIGURE 16.21 Model for the functional structure of viral tubes integrated 
in the Bunyamwera viral factory. Viral tubes assemble in association with 
Golgi membranes using endogenous actin and polymerized NSm as scaffold. 
Tubes attach to rough endoplasmic reticulum (RER) cisternae and mitochondria 
that provide cell factors needed for viral replication and assembly. Viral 
polymerase (L) concentrates in the globular domain. Replicated viral RNA (1) 
gets protected by interaction with N molecules, abundant around Golgi 


membranes and inside tubes. N molecules enter the tubes through their openings 
to the cytoplasm. With the help of actomyosin-based motors, assembled 
ribonucleoprotein complexes (RNPs) then travel toward the cytoplasm (2), where 
they bind to the cytoplasmic domains of viral glycoproteins (Gc/Gn) 
concentrated in the nearby Golgi membranes. Budding events (3) lead to new 
viral particles that incorporate some amounts of the scaffold NSm protein and 
actin inside. Assembled immature viral particles are then ready for maturation 
and secretion (4). (Redrawn from Fontana J, Lopez-Montero N, Elliott RM, et al. 
The unique architecture of Bunyamwera virus factories around the Golgi 
complex. Cell Microbiol 2008;10:2012-—2028.) 


Unlike most other negative-strand RNA viruses, bunyaviruses do not have a matrix (M) 
protein to link the integral viral envelope proteins and their nucleocapsids and to act as the 
nucleating step for assembly. The absence of an M protein suggests a direct interaction 
between the ribonucleocapsids, which accumulate on the cytoplasmic side of vesicular 


membranes, and viral envelope proteins, which are displayed on the luminal side. Electron 
microscopy of cells infected with the phleboviruses PTV or Karimabad virus revealed that 
RNPs and spike structures (i.e., viral envelope GPs) were present only in regions of Golgi 
membranes where budding appeared to be occurring, and not on adjacent areas of the same 
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membrane, suggesting a transmembranal interaction of N with Gn or Gc. Direct evidence 
for the requirement of the cytoplasmic tails of both glycoproteins has been obtained using 


VLP production assays. 


The signal directing the RNPs to the budding compartment has not been identified for 
most bunyaviruses. For hantaviruses, however, N was shown to interact with the cellular 
proteins, SUMO-1 (small ubiquitin-like modifier-1) and Ubc9 (SUMO-1 conjugating enzyme 
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9) in yeast two-hybrid systems. » ° For HTNYV, the interaction occurred at a four—amino 


acid motif, MAKE, located at amino acid positions 188 and 189 of N, and mutation of this 
motif prevented transport of N to the perinuclear region, suggesting a role for this interaction 
in directing N to the site of assembly. 


Excess RNPs of hantaviruses, tospoviruses, and nairoviruses were found to accumulate in 
large cytoplasmic inclusions, suggesting that only RNPs that interact with the envelope 
proteins are transported to the Golgi. Although not yet defined, it is likely that the 
transmembrane domains of Gn or Gc that are exposed on the cytoplasmic face of the 
membrane are involved in this interaction. Candidate transmembrane regions have been 
predicted from hydropathic characteristics of derived amino acid sequences representing the 
envelope proteins of all bunyaviruses examined to date. Direct examination of a phlebovirus 
by enzymatic digestion of exposed proteins embedded in intracellular membranes 
demonstrated that approximately 12% of Gn or Gc was exposed on the cytoplasmic face of 
membranes in infected cells and was accessible to digestion. A large protease-resistant 


fragment was identified, which was presumably sequestered in the membrane in a manner 


that rendered it safe from enzymatic digestion. These enzyme-resistant fragments may 
therefore represent transmembrane regions of proteins, which could provide the interaction 
between RNPs and the cellular membranes required for envelopment. The predicted 
cytoplasmic tails on Gn have also been suggested to be logical candidates for interacting with 
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the ribonucleocapsids. 
Tospovirus assembly and release in plants may differ from those processes of other 


viruses in the Bunyavirales order. A model was proposed in which Golgi membranes with 
integral viral envelope proteins wrap around RNPs. These particles may then fuse with each 
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other or with ER membranes to release single enveloped particles into the cisternae. 
Mature virions accumulated within the ER cisternae likely remain there until ingested by 
thrips. 


Transport and Release 


After budding into the Golgi cisternae, virions apparently are transported to the cell surface 
within vesicles analogous to those in the secretory pathway. The release of virus from 
infected cells presumably occurs when the virus-containing vesicles fuse with the cellular 
plasma membrane (i.e., by normal exocytosis). Numerous viruses in the family have been 
observed late in infection within vesicles or in the process of exocytosis by electron 
microscopy, and more recently by light microscopy of BUNV expressing a Gc-GFP fusion 
protein (Fig. 16.22). In polarized cells, the phleboviruses PTV and RVFV show differing 
release characteristics, in that no marked polarized release could be detected for RVFV 
whereas PTV was released primarily from the basolateral surfaces.’ In contrast to these 
phleboviruses, the hantavirus BCCV was released from the apical surface. Such polarized 
release of viruses might be important for disseminating virus during natural infection to 
produce a systemic disease. Release of tospoviruses from insect cells probably occurs via 
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secretory exocytosis similar to that of animal-infecting members of the family. 
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FIGURE 16.22 Bunyavirus budding at the Golgi. BSR-T7/5 cells, BHK- 
derived cells constitutively expressing T7 RNA polymerase, were infected with a 


recombinant Bunyamwera virus (BUNV) expressing a Gc-GFP (green 
fluorescent protein) fusion protein (autofluorescence shown in A ) and co-stained 


with antibodies to the Golgi marker GM130 (in red in B ). Colocalization 
between Gc proteins and the Golgi protein is shown in yellow in the merged 
images (C ), and an enlarged image is shown in D . (From Shi X,van Mierlo JT, 
French A, et al. Visualizing the replication cycle of Bunyamwera 
orthobunyavirus expressing fluorescent protein-tagged Gc glycoprotein. J Virol 
2010;84(17):8460-8469. doi: 10.1128/JVI.00902-10. Reproduced with 
permission from American Society for Microbiology.) 


EFFECTS OF VIRAL REPLICATION ON HOST 
CELLS 


Cytopathic Effects 


The cytopathic effects observed in cultured cells infected with bunyaviruses vary widely, 
depending on both the virus and the type of host cell studied. Most bunyaviruses are capable 
of alternately replicating in vertebrates (or plants for tospoviruses) and arthropods, and 
generally they are cytolytic for their vertebrate/plant hosts but cause little or no 
cytopathogenicity in their invertebrate hosts. Hantaviruses have no known arthropod vector, 
and generally cause persistent infections in their hosts and in cultured cells. Little is known 
about hantaviruses from fish and reptiles, as only gene sequences have been detected for 
these thus far. Some bunyaviruses display a narrow host range, especially for arthropod 
vectors. Although the reason for this has not been defined completely, studies on variant and 
revertant LACV orthobunyaviruses have suggested that the specificity was related to Gc, 
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probably at the level of viral attachment to susceptible cells. In natural infections of 
mammals, viruses are often targeted to a particular organ or cell type. For example, 


orthobunyaviruses such as LACV appear to be neurotropic; the phlebovirus RVFV is 


primarily hepatotropic . ; and the hantavirus HTNV persists in rodent lungs. It will be 
interesting to determine whether this targeting is due solely to host-cell receptors or to other 
factors such as differences in effects on host-cell metabolism in targeted cell types versus the 
unnatural situation in cultured vertebrate cell lines. 


Host-Cell Metabolism 


In vertebrate cells, orthobunyaviruses and some phleboviruses were found to cause a 
reduction in host-cell protein synthesis, which became more prominent as the infection 
progressed. For example, by 5 hours after infection, cells infected with BUNV at high 
multiplicity showed reduced levels of host protein synthesis, and by 7 hours there was almost 


no synthesis. RVFV-infected cells displayed reduced host protein synthesis, which 
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gradually became more pronounced from 4 to 20 hours after infection. In contrast, a 


reduction in host protein synthesis did not occur, even late in infection, with another 


phlebovirus, UUKV, or with the nairovirus DUGV, both of which are transmitted by 


ticks rather than mosquitoes. Hantaviruses not only cause no detectable reduction in host 
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macromolecular synthesis but routinely establish persistent, noncytolytic infections in 
susceptible mammalian host cells, a finding consistent with their nonpathogenic persistence 
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in their natural rodent hosts. 


The arthropod-borne members of the family, like most other arboviruses, cause little 
detectable cytopathology in mosquito cell cultures, and viral persistence is readily 
established. Unlike cultured vertebrate cells, mosquito cells infected with the 
orthobunyavirus, Marituba virus, displayed no reduction in host macromolecular synthesis; 
therefore, viral infection apparently does not drastically interfere with normal cellular 
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processes. One suggested reason for this is that, in arthropod cells, excess viral proteins do 
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not accumulate in the cells but rather are more efficiently processed into mature virions. 
Another possibility is that viral transcriptase may be less active in arthropod cells than in 
mammalian cells and that the endonuclease activity of the polymerase (which is used to 
acquire transcriptional primers) is detrimental to host-cell messages. A reduced level of 
activity of the viral transcriptase would, therefore, produce less damage to host-cell messages 
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and consequently to protein synthesis. 


Persistence, in both insect and mammalian cells, can be mediated by defective interfering 
(DI) viruses. Conventional DI particles, which displayed deletions only in L, were described 
for orthobunyaviruses and tospoviruses. The L deletions identified both in the TSWV and 


BUNV DI particles were in-frame, thus allowing translation of truncated L polypeptides. > 
Persistent infections of viruses in the family have also been described that do not involve 
typical DI particles, but instead are caused by infection with temperature-sensitive and plaque 
morphology mutants. 


Host-Cell Responses and Viral Suppression 


Interferon-Stimulated Genes and Gene Products 


A first line of host defense against viruses is the innate immunity mechanism mediated by the 
type I interferon (IFN) pathway. Type I IFN (also called IFNa/f) is produced in, and secreted 
from, infected cells, and in neighboring cells activates the expression of hundreds of ISGs 
whose gene products directly or indirectly inhibit virus replication. IFN induction is mediated 
by the recognition of pathogen-associated molecular patterns (PAMPs) by cellular 


receptors. Two RNA helicases, RIG-I and MDAS, are intracellular receptors that are 
activated by specific double-stranded RNA (dsRNA) PAMPs, though the dsRNA -binding 


protein kinase PKR may also assist.’ -«2RIG-I_ binds short dsRNAs with 5’ 
triphosphate groups, whereas MDAS recognizes any long dsRNA. Negative-sense RNA 


viruses do not produce much of long dsRNA’ but are strong activators of RIG-I because of 


the 5’ triphosphorylated dsRNA panhandle on their genome. Activation of RIG-I by 
binding of RNA initiates a signaling cascade that leads to phosphorylation of the 


transcription factor IFN regulator factor 3 (IRF-3) ; phosphorylated IRF-3 dimerizes, enters 
the nucleus, and initiates IFN-G mRNA synthesis. Virus replication also activates other 
transcription factors such as IRF-7, NF-kB, and AP-1, which enhance IFN gene expression. 
IFN is then produced and secreted by the infected cells. After docking onto its cognate 
receptor in an autocrine or paracrine fashion, a signaling chain ensues that results in 
expression of ISG-encoded proteins. These newly made proteins have a myriad of functions, 
some of which have been characterized with respect to their specific antiviral activity. Major 
antiviral defense mechanisms concerning bunyaviruses are the Mx proteins, PKR, the 2’-5’ 
oligoadenylate synthase (2’-5’-OAS)/RNaseL system, ISG20, IFITMs, tetherin, and viperin. 


The Mx proteins are IFN-induced cytoplasmic proteins, which belong to a family of large 
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GTPases that function in intracellular trafficking. After viral infection and IFN induction, 
Mx proteins are rapidly induced and accumulate in the cytoplasm. Human MxA has been 
shown to inhibit the replication of representative members of the Orthobunyavirus, 
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Orthohantavirus, Orthonairovirus, and Phlebovirus genera. > ° ° Both inhibition of 
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> >» The MxA protein 


primary transcription and genome replication have been observed. 
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was shown to bind to the N proteins of LACV, BUNV, RVFV, ANDV, and CCHFV » 
and in LACV-infected cells to redistribute it into membrane-associated perinuclear 


cytoplasmic complexes, thus removing the protein from use in viral replication. > For the 
orthobunyavirus LACV, MxA inhibits replication in mammalian cell cultures, in mosquito 
cells expressing the human MxA gene, and in MxA-transgenic mice that lack a functional 
IEN system. > 

Inhibition of the replication of several hantaviruses by MxA protein has been described. 
ANDV infection of human vein endothelial cells (HUVECs) was found to up-regulate 
transcription of MxA RNA and expression of MxA protein. Virus replication was required for 
the induction of MxA, and the virus was found to replicate best in cells with low or no 
expressed MxA. Comparison of induction of MxA protein for pathogenic and nonpathogenic 
hantaviruses in HUVECs demonstrated that the nonpathogenic hantaviruses (PHV or TULV) 
induced an early and vigorous onset of MxA expression, whereas the pathogenic hantaviruses 


(ANDV or HTNV) induced MxA relatively late (48 hours) after infection.» In contrast, 
Vero E6 cells, which lack IFN genes, supported the growth of both viruses. These results 
suggest that pathogenic but not nonpathogenic hantaviruses can delay the IFN-$-induced 
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antiviral MxA response and allow efficient viral replication early in infection. 


To determine whether MxA would be active against tospoviruses in plants, transgenic 
tobacco plants expressing MxA were created and then challenged with TSWV. No increased 
resistance to viral replication was observed in the transgenic plants, indicating that 
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expression of human MxA alone is not sufficient to impart virus resistance to plants. 


In MxA-deficient systems bunyavirus replication can still be impaired, implying that 
other ISGs have anti-bunyaviral activity. > PKR is a dsRNA-activated inhibitor of 


translation that was shown to contribute to host resistance to BUNV, whereas the RNA- 
degrading 2’-5' OAS/RNaseL system had no effect.» Moreover, RVFV lacking its NSs 


protein (see below) is highly sensitive to PKR in vitro and in vivo.’ ISG20 (Interferon- 
stimulated gene 20 kDa protein) is a 3’-5’ exonuclease able to inhibit members of the 
Peribunyaviridae, Hantaviridae, and Nairoviridae families, whereas Phenuiviridae of the 


genus Phlebovirus (RVFV) and Banyangvirus (SFTSV, HRTV) were not affected. 
Members of the IFN-induced transmembrane proteins (IFITMs) inhibit cytoplasmic entry of 
a broad range of viruses, including LACV (genus Orthobunyavirus, family 
Peribunyaviridae), RVFV (genus Phlebovirus, family Phenuiviridae), ANDV and HTNV 
(genus Orthohantavirus, family Hantaviridae), but not CCHFV (genus Orthonairovirus, 
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family Nairoviridae). Tetherin is a transmembrane protein that, different from the IFITMs, 
interferes with a late step in replication, the budding of enveloped virus particles from the 
cell. For orthobunyaviruses like, for example, SBV tetherin was shown to inhibit virus 


propagation by reducing the amount of GPs in viral particles. Viperin is a member of the 
radical S-adenosylmethionine enzyme superfamily shown to inhibit BUNV multiplication by 
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an unknown mechanism. 


Interferon Antagonism 


Viruses encode IFN antagonistic proteins that allow them to overcome the antiviral effects of 
IFN. Evasion of the IFN response by viruses can occur by preventing IFN induction or by 
inhibiting IFN signaling and/or the activity of ISGs. IFN antagonism has been demonstrated 
for the NSs proteins of the phlebovirus RVFV, the orthobunyaviruses BUNV and LACV, and 


the hantaviruses PUUV and TULV..° For the phleboviruses and orthobunyaviruses, 
NSs proteins were identified as IFN antagonists by comparing wild-type and mutant viruses 


that do not express NSs. An RVFV mutant, called Clone 13, was naturally occurring, whereas 
the BUNV and LACV mutants were created by reverse genetics. > The wild-type viruses 


induced little IFN and were virulent in mice, whereas the NSs-defective viruses were potent 
inducers of IFN and attenuated in mice. In genetically altered mice that are nonresponsive to 
type 1 IFN, the mutant viruses were just as virulent as the wild-type parents, indicating that 


type 1 IFN is the target of NSs 


Although the orthobunyavirus and phlebovirus NSs have no sequence similarity and are 
expressed by different coding strategies, they both appear to antagonize host IFN at the level 
of cellular transcription. For BUNV and LACV, NSs was shown to interfere with the C- 
terminally hyperphosphorylated (i.e., elongating) state of the RNA polymerase II complex, 
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leading to a down-regulation of host mRNA synthesis. » This effect was seen only in 
mammalian cells, not in insect cells, suggesting that IFN antagonism by NSs might be 
involved in the lytic infections observed in mammalian cells as opposed to viral persistence 


ne 224 ; ; 
in insects. _BUNV NSs was shown to interact with the protein MED8, a component of the 


Mediator complex that is essential for mRNA synthesis. LACV NSs selectively targets the 
RPB1 subunit of the elongating form of RNA polymerase II for proteasome-mediated 


degradation, an event similar to that seen during the cellular DNA damage response. RVFV 
NSs inhibits transcription of IFN mRNA in several ways, firstly by sequestering the p44 


subunit of the TFIIH general transcription factor, secondly by proteasomally degrading the 
p44 subunit of TFIIH via the ubiquitin ligase FBXO3, and thirdly by recruiting the SAP30 
repressor factor to the IFN-f promoter. RVFV NSs also interferes with host cell mRNA 


export from the nucleus, a mechanism most likely contributing to IFN antagonism. The NSs 
proteins of several other pathogenic phleboviruses and banyangviruses including SFSV, 
TOSV, PTV, and SFTSV_ were also shown to. efficiently block IFN 


. : 146 147 159 299 328 344 363 380 466 467 : : : 
induction. » » » » * *» » » » The mechanisms, however, are quite different. Whereas 


SFSV NSs masks the DNA-binding domain of IRF-3 to hinder it from IFN promoter 


binding, TOSV NSs interacts with RIG-I and triggers its proteasomal degradation. PTV 
NSs affects neither IRF3 nor RIG-I but appears to act as a general host cell shutoff factor 


similar to RVFV NSs_ >. SETSV NSs sequesters a number of components of the RIG-I- 
dependent antiviral signaling chain (including RIG-I and the IRF-3 kinase TBK1) into 


299 380 466 . 
» » — Interestingly, the NSs of the 


avirulent phlebovirus UUKV is only a weak inhibitor of IFN induction.» A similar positive 
correlation between virulence and IFN antagonism was observed for the NSs-less 
orthobunyaviruses in the Anopheles A, Anopheles B, and Tete serogroups. The majority of 
them have not been associated with human disease, and failed to prevent induction of IFN-6 
mRNA. Tacaiuma virus (Anopheles A serogroup), causing a mild febrile disease in humans, 
was the exception as it was able to inhibit IFN induction, apparently in an NSs-independent 


inclusion bodies, thus disabling antiviral signaling. 
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manner. 
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As described above, some hantaviruses have an additional ORF in the S segment, and 


evidence for the expression of an NSs protein has been obtained for PUUV and TULV. The 
NSs protein was shown to be weakly antagonistic to IFN when overexpressed in cell culture, 
and the presence of a full-length NSs gave a growth advantage to TULV strains in IFN- 


190 F ° ° 
competent cells. Both hantaviruses and nairoviruses have 5’ monophosphorylated 
nucleotides on their genomes, thereby avoiding recognition by RIG-I and hence inducing 


157 ; . : . 
IFN, although the viruses also encode other countermeasures to innate immunity. The OTU 


domain in the nairovirus L protein deconjugates ubiquitin and ISG15 from cellular targets, 
ue . : 25 63 125 192 388 . . 
thus antagonizing IFN induction. » » » ° Certain hantaviruses have also been shown to 


interfere with TNF-a induced activation of NF-«B signaling through an interaction between 
the viral N protein and karyopherin molecules that normally transport the NF-KB subunits 


: : 7 432 
from the cytoplasm to the nucleus, thus preventing their use to activate ISGs. 


It has been reported that pathogenic hantaviruses do not efficiently activate the IFN 
response aS compared to nonpathogenic hantaviruses, suggesting the presence of an IFN 


antagonistic gene. The cytoplasmic tail of the Gn glycoprotein (Gn-T) from pathogenic 
hantaviruses has been shown to down-regulate IFN induction by interacting with TNF 
receptor—associated factor 3 (TRAF3), an adaptor protein for IRF-3 and NF-kB signaling, 


whereas Gn-T from PHV fails to inhibit IFN induction.» However, a recent study showed 
that the Gn-T of nonpathogenic TULV can also down-regulate IFN induction, but does so in 


a manner not involving interaction with TRAF3. These data suggest that the pathogenic 
potential of hantaviruses does not depend on their ability to down-regulate IFN alone. The 
situation is further complicated by the demonstration that for ANDV, IFN induction is 
inhibited by coexpression of the GPC and N protein, whereas downstream IFN signaling may 


be inhibited by either protein. In addition, hantavirus infection of VeroE6 cells was 


reported to result in induction and secretion of type III IFN (IFN-y). > Furthermore, the 
induction of ISGs in epithelial cell lines (e.g., A549 cells) infected with Vero cell grown virus 


Bees 341 
was found to be due to the presence of IFN-y rather than to virus infection. 


Cytokines/Chemokines/ITA Ms 


The host cells’ responses to hantaviral infection have been studied in an attempt to 
understand the mechanism of disease. Hantaviruses cause two serious human disease 
syndromes: HFRS and HPS. Both HFRS and HPS are believed to result from host immune 


responses to viral infection, rather than damage caused by the viruses themselves. In both 
syndromes, vascular endothelial cells show increased permeability, which is believed to 
contribute greatly to the diseases. Several studies have measured the types of cytokines and 
chemokines released in response to disease, and these are discussed in the context of viral 
pathogenesis below. Of note is the presence of immunoreceptor tyrosine-based activation 
motifs (ITAMs) within the cytoplasmic tails of the Gn protein of hantaviruses. ITAMS are 
cell-signaling elements involved in regulating endothelial cell function. The presence of these 


elements in hantaviruses has also been suggested to relate to the dysregulation of endothelial 
. . ‘ F 135 136 
cells during hantaviral infection. ° 


Apoptosis 


Apoptosis, a type of programmed cell death, has been described for orthobunyaviruses, 
phleboviruses, nairoviruses, and hantaviruses. Apoptosis usually results from activation of a 
proteolytic system involving caspases, a group of cysteine proteases that cleave cellular 
substrate proteins. The role of apoptosis in virus infection can be both supportive and 
suppressive, depending on the time point of its onset. 


Apoptosis caused by a bunyavirus was first noted in cultured cells and brains of newborn 


mice infected with the orthobunyavirus LACV. The NSs proteins of LACV and related 
viruses were found to have an amino acid sequence similar to that of a Drosophila protein, 


oa3 ; ae £0 
Reaper, which is involved in regulating caspase activity and can induce apoptosis. Reaper is 
one of several proteins that are able to bind to a group of proteins, known as inhibitors of 

‘ ‘ ‘ a ; 
apoptosis, which function to control caspase activity. Like Reaper, BUNV NSs proteins 
were shown to both inhibit cellular protein translation and activate caspase in cell-free 
extracts. To demonstrate in vivo apoptosis, a Sindbis virus replicon expressing NSs was 
injected into the brains of young mice. The mice developed neuronal apoptosis and died 6 
days after infection. A similar mechanism of action for inducing apoptosis by Reaper and 
orthobunyavirus NSs was proposed because both were shown to bind to and counteract the 
; aa g ; 81 ' 
effects of a protein known as Scythe, which is an apoptosis regulator. Mosquito cells 
: ._ 45 ’ 

persistently infected by LACV do not undergo apoptosis. The orthobunyavirus OROV 
induces apoptosis in HeLa cells that is dependent on virus uncoating and replication, but 
treatment of cells with a pan-caspase inhibitor did not affect virus production although 
apoptosis was prevented. The results indicated that the intrinsic apoptosis pathway was 
triggered by virus replication but apoptosis was not necessary for efficient virus production in 
cell culture. 


Apoptosis was also observed after infection with phleboviruses like RVFV or TOSV.”. 
Similar to LACV NSs, the nonstructural protein NSs of RVFV activates DNA damage- 
response signaling in the nucleus and the apoptosis promoter p53. The nonstructural 


protein NSm of RVFV, however, suppresses apoptosis. > For the nairovirus CCHFV, the 
NSs protein was shown to trigger apoptosis by disrupting the mitochondrial membrane 


potential, but at early stages of infection CCHFV inhibits apoptosis. 
For several hantaviruses, apoptosis was observed in infected cultured monkey kidney 
(Vero E6) cells, in cultured human embryonic kidney cells (HEK-293), and in 


lymphocytes of HFRS patients. Unlike most infections with hantaviruses, which are 
generally noncytolytic and persistent, cytopathic effects were observed in the HEK-293 cells 
infected with hantaviruses, and apoptosis was observed almost entirely in cells adjacent to 


: ‘ : . 273 ; ; 
those actively infected with the hantavirus. In another report, apoptosis was not seen in 
confluent Vero E6 cells infected with various hantaviruses, and only a few apoptotic cells 


: 166, , ‘ ‘ : 
could be seen when subconfluent cells were infected. Likewise, infection of primary 


immature dendritic cells or HUVECs with HTNV did not induce cell lysis or apoptosis. 
These differing results remain to be resolved, but it is likely that they can be attributed to 
differences in the cells or the condition and passage histories of the cells. 


The factors triggering apoptosis for hantaviruses are not generally known. In TULV- 
infected Vero E6 cells, caspase 8 activation was observed and apoptosis could be inhibited 
with a caspase inhibitor.» Caspase 8 is one of several caspases that can be induced by the 
binding of a specific ligand to “death receptors,” such as tumor necrosis factor 1 (TNF1) and 
Fas (also called CD95), which are found on certain cells. Consistent with this, TNF1 was 
up-regulated at times when apoptosis was apparent in the TULV-infected cells and a Fas- 


mediated apoptosis enhancer, DAXX, was found to bind to PUUV N proteins. However, in 
another study, no significant increase in the mRNAs of the TNF superfamily was observed in 


hantavirus-infected HEK-293 cells.” 


Stress on the host cell ER is another cellular condition that can trigger apoptosis. TULV 
infection of Vero E6 cells was noted to activate markers of ER stress, including induction of 
the chaperone protein, Grp78/bip, which was suggested to be induced by the accumulation of 


a 253 ; ; 
misfolded proteins in the ER. Another cellular stress-response protein, heat shock protein 
70, was found to be abundant in postmortem tissues of hantavirus-infected patients and to be 


up-regulated in VeroE6 cells infected with HTNV. ” In this study, it was not clear what role 
the stress protein played in host-cell response to infection. Additional work is needed to 
identify the many possible factors that can contribute to cellular stress and apoptosis in 
Bunyavirus-infected cells. 


As countermechanisms it was described that HTNV N protein stimulates the degradation 


of the apoptosis driver p53 via the E3 ubiquitin ligase MDM2, ~ and that HTNV and ANDV 


interferes with DAXX-mediated apoptosis by up-regulation of IFN-activated counterplayers 
210 


like Sp100. 


RNA Silencing 


RNA silencing, or RNA interference (RNAi) was first described for plants as a mechanism to 
defend against viral infection, but is now known to occur in most eukaryotes. The gene 
silencing is mediated by short interfering RNAs (siRNAs), which arise from cleavage of 
dsRNAs, including the replication intermediates of RNA viruses by a host enzyme known as 
Dicer. The 21 to 25 nucleotide siRNAs become part of a protein complex known as the 
RNA-induced silencing complex, which recognizes and degrades sequence-specific MRNAs. 
Some viruses have been shown to produce suppressors to counteract the gene silencing 
mechanism. In the family Tospoviridae, the NSs protein of TSWV was found to act as a 


suppressor of gene silencing.” In addition to the plant-infecting bunyaviruses, siRNA 
suppression has been observed with the orthobunyavirus LACV, in both mammalian and 
insect cells, and with the nairovirus Hazara virus (HAZV) in tick cells. As observed for the 
tospoviruses, the LACV-suppressing activity was localized to NSs, despite the completely 


different coding strategy used for this protein (i.e., ambisense vs. ORFs). For HAZV, which 
does not produce an NSs protein, the activity was observed with the S-segment gene in either 


c : ‘ 128 
the sense or antisense orientation. 
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INTRODUCTION 


Among the approximately 500 identified viruses belonging to Bunyavirales order, at least 55 


are known to cause disease in humans. Among them, Rift Valley fever virus (RVFV), 
Crimean-Congo hemorrhagic fever virus (CCHFV), severe fever with thrombocytopenia 
syndrome (SFTS) virus, Heartland virus (HRTV), and a number of hantaviruses and 
orthobunyaviruses present a significant public health concern due to varying properties, 
which may include potential for high morbidity and mortality, ability to transmit from person 
to person, or propensity to cause alarm to the public in outbreak settings. Fortunately, most 
bunyaviruses that cause human disease exhibit either no or low mortality rates, no human-to- 
human transmission, and usually restricted geographic distribution. 


In this chapter, we review the emergence and reemergence of these high-consequence 
pathogens and their pathogenesis in both reservoirs and humans. We examine the clinical 
features of disease and highlight aspects of disease that warrant additional investigation. Viral 
epidemiology and ecology are summarized, focusing on viral maintenance and distribution in 
natural reservoirs and human disease incidence. The progress on diagnostics for these viruses 
is examined, and, finally, as no vaccines or antivirals are currently approved for prevention or 
treatment, the current state of experimental therapeutics and vaccines is discussed. 


HANTAVIRIDAE, GENUS ORTHOHANTAVIRUS 


Pathogenesis and Pathology 


Reservoirs 


Although a significant number of new hantaviruses has been recently discovered in 
insectivores and bats, all presently known pathogenic hantaviruses are harbored by rodents. 
Hantaviruses are horizontally transmitted among rodents, primarily through excreta and 
saliva. Infection of natural reservoirs results in an acute phase with high viremia, followed by 
prolonged or persistent infection with variable durations of virus shedding in the urine, feces, 
or saliva; persistent infection can last days to months, or even the rodent’s lifespan. 


Experimental infection of host rodents indicates that viremia peaks approximately 2 
weeks post infection and results in dissemination of the virus throughout the animal. 
Hantaviruses appear to target primarily endothelial cells, with the highest concentrations of 
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viral antigen observed in the lungs, heart, and kidneys. » Peak amounts of viral RNA in 
experimentally infected animals vary, with some animals exhibiting characteristics of super- 
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shedders. The end of viremia correlates with the induction of hantavirus-specific 
antibodies, which first become detectable around 14 days post infection, peak approximately 


50 days post infection, and remain detectable throughout the rodent’s lifespan. Neutralizing 
antibodies are detected after 3 weeks post infection. Infection of the rodent host induces 
moderate inflammatory responses that are not harmful to the host and that contain the virus 
without clearing it. The infected endothelium and increased numbers of regulatory T cells 
(Tregs) that modulate the immune response allow the virus to establish persistence and 


periodic shedding. >” 
Although naturally infected rodent reservoirs do not display apparent disease symptoms, 


reduced winter survival and reduced body weights of infected rodents have been 
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reported. >» » Aggressive behavior has been correlated with increased infection among 
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rodents: older males and animals with more scars are more likely to be seropositive. 


Human Infections 


In stark contrast to the asymptomatic infection of the primary rodent reservoir species, 
human hantavirus infection frequently results in hantavirus disease traditionally presenting as 
one of two main syndromes: hemorrhagic fever with renal syndrome (HFRS) caused by Old 
World hantaviruses, and hantavirus pulmonary syndrome (HPS) caused by New World 
hantaviruses. The pathogenesis of both HFRS and HPS is similar, although the disease 
manifests in different organs, primarily affecting the lungs in HPS and the kidneys in HFRS. 
Severe human disease has been attributed to microvascular leakage and inflammation. 
Humans are infected mainly by inhaling aerosols of the excreta of infected rodents or 
possibly through rodent bites. Human-to-human transmission can occur but is rare and has 
only been observed with Andes virus (ANDV) infection. 


The cells initially infected by hantaviruses have not been identified, but the major target 
cells are microvascular (capillary) endothelial cells. Since inhalation of aerosols is the main 
route of infection in humans, it is tempting to assume that the virus first infects the upper 
respiratory epithelium or the macrophages and dendritic cells residing in the respiratory 
endothelium. How the virus passes through the respiratory epithelium to establish systemic 
infection is not clear, however. Studies in polarized epithelial cell cultures have shown an 
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apical polarized entry and release of hantaviruses, » but experiments on entry and release 
of ANDV in primary hamster tracheal epithelial cells indicate bidirectional entry and release 


of this virus. Apical release would facilitate virus spread into the respiratory tract, but such 
bidirectional infection and release may be an aspect unique to ANDV infection. In addition to 
the microvascular endothelium, epithelial cells, human dendritic cells, monocytes 
macrophages, and likely other cells are susceptible to hantavirus infection. Infected dendritic 
cells could disseminate the virus through the lymphatic system to lymph nodes and 
eventually to the vascular respiratory endothelium. As mentioned above, Old World 
hantaviruses preferentially affect kidney functions, while New World hantaviruses affect the 
lung. The mechanisms behind this preferential tissue tropism are currently unknown. 


Immune response 


Hantaviruses have developed multiple mechanisms to limit host cell immune responses early 
in infection (see details in Chapter 16). Although the extent to which pathogenic and 
nonpathogenic hantaviruses induce the interferon (IFN) response varies and pathogenic 
hantaviruses delay the induction of the innate immune responses, that delay alone is unlikely 
to be the source of differences in pathogenicity. All hantaviruses cause strong and long- 


lasting humoral immune responses in patients. Antibodies against the hantavirus N protein 
can be detected early after the onset of illness, and neutralizing antibodies directed against 


Gn and Gc develop soon after. In general, generation of high levels of hantavirus-specific 
IgG early in the disease has been associated with increased chances of survival, and higher 
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amounts of neutralizing antibodies correlate with milder disease. » Hantavirus infection of 


dendritic cells in vitro induces their maturation, and mature dendritic cells can generate a 
. ‘ 254 323 
strong adaptive immune response. ° 


Viral RNA is usually detectable in patients’ blood during the early stages of disease, and 
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viral load correlates with disease severity. » At the time of death, viral antigens are 


detectable in endothelial cell layers throughout the body, but predominantly in lung 
endothelial cells in HPS patients and in kidney endothelial cells in HFRS patients. > 


Interestingly, the numbers of monocytes and dendritic cells in the blood are reduced during 
the acute phase of hantavirus disease, likely not because of cell death but rather due to 


redistribution and migration of these cells to the infected tissues. Additionally, soluble 
CD163, a biomarker of macrophage activation, is elevated in the sera of HFRS patients, 
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correlating with disease severity. 


Neutrophils are the first immune cells recruited to the site of inflammation or infection, 
attracted by IL-8 released by hantavirus-infected endothelium. Activated neutrophils can 
release reactive oxygen species and serine proteases (degranulation) and form extracellular 


traps (NETosis). High levels of activated neutrophils and increased levels of histone/double- 
stranded DNA complexes have been observed in hantavirus patients. > > Moreover, 


neutrophil activation has been correlated with kidney injury in Puumala virus (PUUV) 
infections in humans. 
A strong T-cell response followed by generation of long-lived memory T cells has been 
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well documented in hantavirus infection. » *» » CD4 and CD8 T cells obtained from 
blood samples of patients in the acute and convalescent phases of disease can recognize 


epitopes from viral N, Gn, and Gc proteins. > In cases of PUUV infection, proliferating, 
activated effector CD8 T cells can be seen in the peripheral blood and bronchoalveolar lavage 


early on the disease course. High frequencies of virus-specific CD8 T cells have been 
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linked to severe disease, suggesting the possibility of immune-mediated pathogenesis. ° ° 


Early studies also indicate that severity of both HFRS and HPS in humans correlates with 
249 278 400 


specific human lymphocyte antigen haplotypes. 

In general, very strong or very weak T-cell responses can lead to severe disease. The 
above studies suggest that strong cytotoxic T-cell responses contribute to the pathology of 
hantavirus disease. However, a protective role of T cells during hantavirus disease has also 
been reported, with Gn-specific effector memory T cells conferring protective immunity in 


ANDV-infected patients. A strong CD4 T-cell response against Hantaan virus (HTNV) 
glycoproteins was also associated with controlling the virus and a better clinical outcome in 


HFRS cases. 


The expansion and long-term maintenance of natural killer (NK) cells has been reported 
in HFRS patients. NK cells become activated by IL-15 and IL-15Ra expressed by hantavirus- 
infected endothelial cells and can secrete proinflammatory cytokines such as tumor necrosis 


factor alpha (TNF-a) and interferon gamma (IFN-y). > NK cells and cytotoxic T 
lymphocytes can eliminate infected target cells by inducing apoptosis. It is apparent, 
however, that they do not kill hantavirus-infected endothelial cells, since the microvascular 
endothelium remains undamaged. This is likely due to the antiapoptotic effects of 
hantaviruses, including the N protein, which protects infected endothelial cells from 


cytotoxic lymphocyte-induced apoptosis by inhibiting the function of granzyme B and 
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caspase 3. ° 


Endothelial cell leakage 


Hantavirus infection of the microvascular endothelium and immune cells does not result in a 


direct cytopathic effect. The progression of the disease, with the associated increase in 
vascular permeability, is a complex process, with contributions directly from virus replication 
and from the induced immune responses to hantavirus infection. Studies using primary 
microvascular endothelial cells have indicated that hantavirus infection and replication alone 
can trigger pathways that lead to reduced endothelial integrity by down-regulating vascular 
endothelial cadherin (VE-cadherin or CD144), an essential component of adherence 
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junctions, or ZO-1, an essential component of tight junctions. » Hantavirus N protein 
alone can influence vascular permeability of the endothelium by activating cellular RhoA 


GTPases. The interaction between pathogenic hantaviruses and their cellular receptor 63 
integrin can also sensitize the endothelium and cause vascular hyperpermeability in response 
to added permeability factors like vascular endothelial growth factor (VEGF-A). The binding 
of VEGF-A to its receptor VEGF-R2 induces down-regulation of VE-cadherin, resulting in 


increased vascular permeability. Indeed, increased VEGF-A concentrations have been 
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reported in serum, pulmonary edema fluid, and urine samples collected from patients. » ° 


Hantavirus infection can also activate the kallikrein—kinin system to release bradykinin, 
7: 382 
another potent permeability factor that can cause vascular leakage. 


A dysregulated immune response causing strong inflammation is believed to be another 
main contributor to hantavirus disease. The infected endothelium becomes activated and 
orchestrates a series of events by secreting various cytokines and chemokines and by up- 
regulating adhesion molecules that attract immune cells like neutrophils, NK cells, and CD8* 
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T cells that in turn can also produce high levels of proinflammatory cytokines. Numerous 
in vitro experiments and studies of human infection have shown increased levels of 


proinflammatory cytokines and chemokines, including IL-6, IL-8, and IFN-y, and 
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permeability factors, such as TNF-a and VEGF. High levels of cytokine 
production in specific tissues have been identified during hantavirus disease. For example, in 


HFRS, expression of TNF-a, TGF-f, and platelet-derived growth factor (PDGF) has been 


observed in the kidneys. Similarly, high levels of cytokine production can be seen in the 
lungs (but not in kidneys and livers) of fatal HPS cases, suggesting that local cytokine 
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production may play an important role in disease severity. Among the induced cytokines, 


IL-6 strongly correlates with HPS severity. > The cytokine and chemokine profiles of 
HFRS and HPS cases are different, with proinflammatory responses in HPS found to be 
substantially stronger than in HFRS, likely reflecting the much higher case fatality rates 


(CFR) generally seen in HPS. 


In addition to endothelial cell activation and induction of proinflammatory cytokines, 
other factors that can contribute to the vascular leakage seen in hantavirus disease are 
complement activation and the coagulation system. Complement activation and elevated 
amounts of SC5B-9, a component of the complement cascade, have been associated with 


disease severity in HFRS patients. Tissue-type plasminogen activator (tPA), but not its 
inhibitor PAI-1, is up-regulated in HFRS patients and is possibly responsible for stimulating 
fibrinolysis. The opposite is seen in severe HPS cases induced by Sin Nombre virus (SNV), 
in which a strong prothrombotic response with elevated PAI-1 levels has been reported, 


possibly explaining the absence of hemorrhagic symptoms in HPS. > Lastly, in addition to 
activated macrophages, T cells, and NK cells, neutrophils could play a role in vascular 
permeability by generating NETs and by secreting permeability factors like VEGF and TNF- 


a in the vicinity of the infected endothelium. A proposed model for hantavirus disease is 
shown in Figure 17.1. 
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FIGURE 17.1 A: Hantavirus maintenance in the rodent reservoir in nature and 
transmission to humans. Humans acquire the virus by inhalation of aerosols or 
dust particles contaminated by excreta of infected rodents. B: Proposed model of 


the steps leading to hantavirus disease-induced vascular permeability. 
Orthohantaviruses gain access to the vascular endothelium through infected 
dendritic cells or infected macrophages. Hantavirus infection triggers both innate 
and adaptive immune responses. Infection of the endothelium can stimulate 
pathways that reduce endothelial integrity by down-regulating VE-cadherin and 
activating Rho GTPases. At the same time, hantavirus-infected endothelial cells 
produce proinflammatory cytokines and chemokines and up-regulate adhesion 
molecules on their cell surface, which in turn attract activated natural killer (NK) 
cells, neutrophils, and T cells to the infected area in addition to infected 
macrophages and dendritic cells. The activated immune cells secrete more 
chemokines, cytokines, and other proinflammatory molecules, like TNF-a and 
reactive oxygen species, resulting in a “cytokine storm.” Secretion of potent 
permeability factors, such as VEGF and bradykinin, can directly disrupt the 
integrity of the endothelium. Additional factors, like complement activation, may 
also contribute to vascular leakage. 


In addition to microvascular leakage, another prominent feature of hantavirus disease is 
induced thrombocytopenia (low number of blood platelets). The exact mechanism of this 
platelet deficiency is not known. However, the presence of normal or increased numbers of 
megakaryocytes in bone marrow of hantavirus disease patients indicates no deficiency in 
platelet production. In addition, evidence of fibrinolysis suggests that increased consumption 


or sequestration of platelets is the possible reason for hantavirus-induced 
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thrombocytopenia. 

One enduring limitation to studying hantavirus pathogenesis has been the absence of 
suitable experimental animal models. The first breakthrough came with the discovery that 
Syrian golden hamsters infected with ANDV develop a disease with characteristics similar to 
those of human HPS, including interstitial pneumonitis, alveolar edema, mononuclear cell 


infiltrates in the lung, and high mortality rates. However, only immunosuppressed 
Syrian golden hamsters infected with SNV and other New World hantaviruses can develop 


HPS-like disease.» The hamster animal model has been extensively used to study HPS 
pathogenesis. Depleting B cells, T cells, and alveolar macrophages does not affect the course 
of the disease in this model, indicating that these cells may not contribute to the induced 
pathogenesis. How much we can extrapolate from results in hamsters to human disease 
remains an open question. Non-human primate (NHP) animal models have been developed 
for PUUV-induced HFRS and, more recently, for SNV-induced HPS.» In the NHP 
model of HPS, thrombocytopenia, neutrophilia, eosinophilia, and monocytosis were noted, in 
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addition to the development of an uncontrolled tissue-specific proinflammatory response. 
Interestingly, depleting neutrophils in mice with severe combined immune deficiency (SCID) 


infected with HTNV suppresses hantavirus-induced pulmonary edema, highlighting a 
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possible role of neutrophils in hantavirus pathogenesis. Similarly, in a humanized mouse 
model, neutrophils and functional HLA-A2-restricted CD8 T cells were shown to play an 
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important role in hantavirus-induced pathogenesis. 


Pathologic findings in biopsies of kidneys of HFRS patients include mild to moderate 
interstitial infiltration of lymphocytes, plasma cells, monocytes and macrophages, and 
polymorphonuclear leukocytes (mainly eosinophilic granulocytes and neutrophils), although 


the exact mechanism of kidney failure in HFRS patients is still unclear.” HPS patients 
usually develop pulmonary edema, plural effusions, interstitial mononuclear cell infiltrate, 


edema, and focal hyaline membranes (Fig. 17.2). 
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A: Histological features of a lung section include interstitial pneumonitis and 
alveolar edema in a typical case. B: Immunostaining of hantavirus antigens in 
the lung shows that the viral antigen is localized mainly in pulmonary 
microvascular endothelial cells (in red, indicated by an arrowhead). 


Clinical Features 


The main characteristics of hantavirus disease noted upon hospital admission are fever, 
thrombocytopenia, and acute kidney or lung injury followed by a number of abnormal 
clinical findings. Hemorrhage is not a common characteristic. Although here we present the 
clinical features of HFRS and HPS individually, this separation is based mainly on the 
distinct virus tropism in the 2 syndromes, kidneys in HFRS and lungs in HPS. We now know 
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that pulmonary involvement can be seen in HFRS cases, while petechia, hemorrhage, and 
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renal signs can be observed in HPS cases. » » ‘The broad term “hantavirus disease” has 


therefore recently been proposed to describe the disease caused by hantaviruses. A map of 
the distribution of pathogenic hantaviruses is presented in Figure 17.3, and a summary of 
symptoms of HFRS and HPS is presented in Figure 17.4. 
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FIGURE 17.3 Global distribution of hantaviruses known to be pathogenic in 
humans. Hantaviruses cause two main clinical syndromes: hemorrhagic fever 
with renal syndrome (HFRS) and hantavirus pulmonary syndrome (HPS). HFRS 
is seen primarily in Europe and Asia, while HPS occurs mostly in the Americas. 
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FIGURE 17.4 A: An outline of the main clinical manifestations and laboratory 
findings in severe HFRS. B: An outline of the main clinical manifestations and 
laboratory findings in severe HPS. 


The incubation period before the onset of HFRS symptoms typically lasts 2 to 3 weeks. 
Initial symptoms of severe HFRS are high fever, headache, malaise, chills, and prostration, 
which last 3 to 5 days. Flushing of the face and neck and conjunctival and pharyngeal 
injection (indicating capillary dilation) are frequently observed. Increased capillary 
permeability is likely responsible for the retroperitoneal edema and lower back pain often 
described. This febrile phase is followed by a hypotensive phase lasting several hours to 
days, characterized by marked thrombocytopenia and often by petechial hemorrhage. Many 
patients exhibit low-grade disseminated intravascular coagulation (DIC). Approximately 
10% to 15% of patients show some degree of shock around this time, which improves within 
12 to 48 hours as blood pressure returns to normal, or as the patient becomes hypertensive. 
Oliguria may occur, and, historically, renal failure contributes to about half of all HFRS 
deaths. Recovering patients undergo a phase of diuresis that may last several months. Not all 
patients go through all the stages described; some rapidly progress to death within a few 
days, whereas others skip some phases of the disease or exhibit very mild symptoms that may 
not be recognized as HFRS. However, this progression tends to be seen with the most severe 
forms of HFRS caused by (HTNV) and Dobrava (DOBV) viruses, which are associated with 
5% to 15% case fatality rate (CFR). HFRS associated with Seoul virus (SEOV) is usually 


milder, with a mortality rate of 1% to 2%. HFRS associated with PUUV is the mildest form 
of the disease, with a mortality rate of less than 1%. In PUUV-associated HFRS, phases of 
the illness are generally less pronounced and symptoms are milder, with hypotension rather 
than shock, petechiae rather than frank hemorrhage, and relatively mild renal involvement. 


Similarly to HFRS, HPS also begins with a 2- to 3-week incubation period (though 
longer incubation times have been documented) followed by rapid onset of acute disease. In 
SNV-caused HPS, the first 4 days often include fever, myalgia, malaise, headache, and 
gastrointestinal symptoms. Patients frequently present for medical attention with the onset of 
pulmonary edema, dyspnea, and hypoxemia. These features, together with the 
hemoconcentration that is frequently observed, are presumably linked to viral infection of the 
microvascular endothelial cells surrounding the lungs, which leads to increased permeability 
and fluid leakage into the lungs. Bilateral pulmonary infiltrates are often visible on chest x- 
rays. Deterioration of the patient’s condition is often very rapid, with death occurring within 
1 to 3 days of hospital admission in almost 40% of the cases. Clinical laboratory tests 
frequently reveal thrombocytopenia and prolonged partial thromboplastin time. Hypotension 
and shock can be prominent at this stage. A very similar clinical picture is seen in HPS cases 
caused by other viruses found in rodents of the Sigmodontinae subfamily. HPS cases have 
been associated with infection by Monongahela virus, which is related to SNV; New York 
virus; Bayou virus; Black Creek Canal virus (BCCV); and ANDV and the related Oran, 
Lechiguanas, Hu39694, Laguna Negra, Juquitiba, Araraquara, and Castelo dos Sonhos 


viruses. BCCV and Bayou virus infection generally leads to more renal involvement and 
elevated serum creatine phosphokinase. Renal failure also appears to be common with Oran 


virus-associated HPS in northern Argentina. Flushing and petechiae, and frank 
hemorrhage, have been observed in some HPS patients infected with ANDV in Argentina 
and Chile, respectively. 


Epidemiology and Ecology 


The geographic distribution of hantaviruses and the epidemiologic patterns observed for 
HFRS and HPS reflect the distribution and natural history features of the rodent hosts of 
these viruses (Fig. 17.2). Epidemiologic data accumulated since the 1950s for a variety of 
hantaviruses, including HPS-associated hantaviruses, suggest that human-to-human virus 
transmission does not generally occur, and that virtually all human infections are acquired by 


exposure to infected rodent excreta. A notable exception is in ANDV-associated HPS, in 
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which human-to-human transmissions have been demonstrated. ° ° 


In general, hantavirus disease incidence is higher in males than in females. However, a 


number of reports have shown that the CFR in females is higher than in males in particular 
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age groups. The disease is rare in pediatric populations. » » A short summary of each 


hantavirus family relative to epidemiology and ecology is described below. 


HTNV and HTNV-like viruses (Amur/Soochong) are found in various parts of China, 
South Korea, and Far Eastern Russia, in Apodemus agrarius mantchuricus, a mouse common 


in the region’s agricultural fields, and Apodemus peninsulae. Adult humans in rural areas 
(e.g., farmers, forest workers, or troops stationed in the field) are the most at risk of infection. 
HFRS cases peak in the fall, likely reflecting a mixture of factors, including increased 
abundance of virus-infected mice coinciding with increased human activity in the fields 
associated with harvest of crops, as well as movement of rodents into human dwellings as 


winter approaches. Most HNTV HFRS patients are 20 to 50 years old, while cases in 


children younger than 10 are uncommon.» Males are more likely than females to become 
infected, consistent with predominant exposure being in the fields rather than in the homes. 
HTNV-related HFRS is most prevalent in China, where approximately 100,000 cases are 
reported each year; 300 to 900 HFRS cases are estimated to occur in Korea and in Far 
Eastern Russia annually. 
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SEOV is associated with the domestic rats, Rattus norvegicus and Rattus rattus, * and 


is distributed worldwide due to the recent global spread of rats to port cities and beyond 
through international shipping. A related virus, Thailand virus, is found in Bandicota indica 
rodents in Thailand but is not known to cause human disease. SEOV is the only hantavirus 
known to cause disease in urban areas, as other hantaviruses are associated with rodents that 
predominantly inhabit rural areas. Cases of SEOV contracted from pet rodents by humans are 


becoming more frequent in the last decade and have been reported both in Europe and North 
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America. SEOV-related HFRS cases in general tend to be more moderate than those 


associated with HTNV, with mortality rates approximately up to 1%. Unlike HTNV-related 
HFRS, cases of SEOV-related HFRS occur year-round. The annual number of cases is 
unknown, as figures for SEOV- and HTNV-related HFRS are often not separated. However, 
Chinese reports suggest that SEOV-related HFRS cases in urban areas of several provinces 
have been growing since the discovery of the virus in 1981. 


In Europe and Scandinavia, most cases of HFRS are caused by infection with PUUV. 
Particularly in Scandinavia, the disease is referred to as nephropathia epidemica (NE) and is 
usually milder than HTNV-associated HFRS. PUUV is hosted by the bank vole, Myodes 
glareolus. In Sweden and Finland, the number of cases in rural residents usually peaks in 
November and January, although cases in urban residents appear to peak in August, likely 
correlating with vacationing in summer cabins in rural areas. A male-to-female case ratio of 


approximately 2:1 is seen, and the disease is rare in children.” Local epidemics usually 
reflect increased local bank vole densities, which tend to cycle with a 3- to 4-year periodicity. 
Approximately 30% of PUUV infections result in reported disease, based on data from areas 


of Finland with high surveillance for disease.” In addition, antibody prevalence rates of up to 
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20% can be seen in known endemic areas in northern Sweden. PUUV-associated disease in 
Belgium, northeastern France, and Germany occurs mainly in autumn and spring, and the 
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extent of activity reflects the alterations in the size and structure of bank vole communities. 
Large PUUV-associated HFRS outbreaks are periodically recorded in several areas of 
European Russia, particularly Udmurtia and Bashkortostan. A genetically distinct PUUV-like 
virus has also been identified in Clethrionomys rufocanus voles in Far Eastern Russia and on 


Hokkaido Island, Japan, but is not known to be associated with human disease. Likewise, 
several additional hantaviruses are associated with other subfamily Arvicolinae rodents but 
are not known to cause human disease. For example, Topografov virus is present in 
lemmings in Arctic regions of Russia, and at least 5 hantaviruses are associated with various 
Old and New World rodents of the Microtus genus. 


Dobrava virus (DOBV) also causes a considerable number of severe HFRS cases in 


Europe, particularly in the Balkan countries.» The primary rodent reservoir of DOBV is 
Apodemus flavicollis, which is widely abundant in this region. Variants of DOBV, such as 
Saaremaa and Kurkino viruses, can be found in A. agrarius (a subspecies distinct from that 


which carries HTNV in Asia), which is of greater abundance in more northern areas; Sochi 
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virus is found in Apodemus ponticus in Southern Russia. » DOBV and Sochi genotypes 


cause severe illness with CFR of 9% to 15%. Although A. flavicollis does not frequent 
houses and other man-made structures, it will often enter campsites or places where food 
may be present. Unlike HTNV-associated HFRS, most DOBV-associated HFRS cases occur 
in the late spring and summer months, when human activity in rural areas is greatest. 
Epidemics of disease are seen at times when rodent populations increase. Seroprevalence 
rates in humans can be high in rural areas; for instance, antibody positivity rates of up to 14% 


. - 15 
were seen in mountainous areas of northern and western Greece. 


Since the discovery of SNV and HPS in 1993, numerous other hantaviruses have been 
detected in New World rodents of the Sigmodontinae subfamily. In North America, SNV is 
by far the most important cause of HPS” and is present in deer mice (Peromyscus 
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maniculatus, grasslands form) throughout western and central United States and Canada. 


The initially identified cluster of HPS cases occurred in the Four Corners region (meeting 
point of New Mexico, Arizona, Colorado, and Utah) in 1993; while the majority of 
subsequent cases have occurred in the southwestern United States, some have now been 
recorded in 32 states and 4 Canadian provinces. SNV-infected deer mice have been detected 


throughout most of this range, which stretches from the Yukon peninsula to Mexico and from 
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California to the Appalachian mountains in the eastern United States and Canada. » A 


survey of 2,500 individuals in high-risk groups, such as persons with occupations that would 
bring them in close contact with rural rodents, found hantavirus-specific antibodies in only 


approximately 0.5% of those sampled, suggesting that human SNV infections are rare. 
Clusters of cases appear to be generally associated with local increases in infected deer mice 
populations. HPS cases peak in late spring and early summer. More cases in the United States 
have occurred in males, with a mean age of 37 years (range 6 to 83 years). Retrospective 
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studies suggest that the disease had gone unrecognized since at least 1959. 


Through December 2018, 784 HPS cases have been reported in the United States, with a 
CFR around 35%. Since the Four Corners outbreak in 1993, the second largest SNV 
outbreak, with 10 cases and 3 deaths, was identified among overnight visitors at the Yosemite 


National park in 2012.” Several other hantaviruses are capable of causing HPS in the United 
States. The forest form of deer mice (P. maniculatus nubiterrae), found predominantly 


throughout the Appalachian mountain range extending from Georgia to eastern Canada, 
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harbor a genetically distinct SNV-like virus referred to as Monongahela virus. ° 


Monongahela virus has been associated with several HPS cases in the eastern United States. 
The white-footed mouse, Peromyscus leucopus (eastern haplotype), hosts another SNV-like 
virus, New York virus, responsible for some HPS cases in the northeastern United 


160 172 
States. ° 


Other sigmodontines also harbor HPS-associated hantaviruses in the United States, such 
as BCCV, which was associated with a single HPS case in southern Florida and is hosted by 


the cotton rat, Sigmodon hispidus (eastern form). The genetically distinct western form of 
S. hispidus hosts another hantavirus, Muleshoe virus. Bayou virus was discovered in 1994, 
associated with a fatal HPS case in Louisiana, — and subsequently was shown to be hosted by 
the rice rat Oligoryzomys palustris and present throughout the range of the rodent. Bayou 
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virus was also associated with a nonfatal HPS case in Texas. Although HPS associated 


with BCCV and Bayou virus is still predominantly a pulmonary disease, more renal 
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involvement has been seen in those cases than in classic SNV-associated HPS. ° 


The confirmation of an HPS case in Brazil in late 1993 marked the beginning of a wave 


of discovery of HPS cases and associated hantaviruses throughout South and Central 


America.’ In addition to Brazil, Argentina, Bolivia, Brazil, Chile, Ecuador, Paraguay, 
Panama, Uruguay, and Venezuela have also reported HPS cases. Rodents carrying viruses 
similar to SNV have been found in Colombia, Costa Rica, and Mexico but have not been 
associated with disease in humans. 


The high prevalence of hantavirus-specific antibodies in the general population in some 
areas of South and Central America differs considerably from the epidemiologic picture seen 
in North America, where seropositivity rates of 0.2% or less are seen. For instance, high rates 
of hantavirus-specific antibodies have been detected on surveillance of general populations in 


regions of Paraguay (40%), Salta province in Argentina (17%), and Los Santos province in 
126 423 P ° 
Panama (13%). ° These data suggest more frequent exposure of people to hantaviruses in 


these areas and more asymptomatic or subclinical infections than seen with North American 
hantavirus infections. 


Phylogenetic analysis of rodent-borne hantaviruses and their reservoir hosts indicated 
that their evolutionary trees largely overlapped, with a limited number of exceptions, 
suggesting that these viruses may have coevolved with their hosts over 20 to 30 million 


years. The recent discoveries of hantaviruses in moles, shrews, and bats complicates the 
evolutionary history of hantaviruses. In addition to codivergence with their rodent hosts, 
cross-species transmission and geographic expansion could have also played an important 
role in hantavirus evolution, shifting the time frame of hantavirus—host coevolution to 
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hundreds of millions of years. » Thus, while HPS and many hantaviruses have only 
recently been discovered, phylogenetic analysis clearly indicates that these viruses are of 
ancient origin. 


Diagnosis 


Clinical differential diagnosis of HFRS and HPS cases can be difficult due to the nonspecific 
early symptoms in both types of disease. Early signs of severe HFRS can be easily confused 
with those of leptospirosis, typhus, pyelonephritis, poststreptococcal glomerulonephritis, an 


acute abdominal emergency, or other hemorrhagic fevers. In areas of China, Korea, Far 
Eastern Russia, Europe, and Scandinavia where HFRS is known to occur, a febrile patient 
presenting with thrombocytopenia and renal symptoms should be questioned about potential 
rodent exposure and tested for evidence of hantavirus infection. In the Americas, the early 
stages of HPS are easily confused with influenza and are thus extremely difficult to 
recognize. However, fever and myalgia and a history of potential rural rodent exposure 
together with the appearance of acute onset shortness of breath and findings of 
thrombocytopenia, leukocytosis with left shift (higher ratio of immature-to-mature 


neutrophils), and atypical lymphocytes would suggest HPS. A peripheral rapid blood 
screening test has been developed and evaluated to quickly and inexpensively detect HPS 


based on five peripheral smear criteria, including thrombocytopenia, the presence of a left 
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shift, hemoconcentration, lack of toxic changes, and the presence of immunoblasts. ° 


Laboratory diagnosis 


Antibodies against hantaviruses are invariably seen in patient sera around the time of onset of 
illness. Laboratory analysis of the presence of virus-specific antibodies has historically 
included indirect fluorescent antibody testing. Serology is broadly used to detect hantavirus 
antibodies in patient sera. Acute diagnosis is best achieved by IgM capture enzyme-linked 


immunosorbent assay (ELISA) using either hantavirus-infected cell slurries or recombinant 
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nucleocapsid proteins as antigen with appropriate negative controls. » °* Such assays have 


been shown to be highly sensitive, rapid, and inexpensive. Considerable cross-reactivity 
among related hantaviruses is seen, so inclusion of a limited number of antigens 
representative of various viruses (e.g., SNV, PUUV, and HT NV) allows detection of virtually 
all acute hantavirus infections. The disadvantage of the cross-reactivity of the assay is the 
inability to precisely identify the virus based on a positive result. Western blot assays 
utilizing recombinant nucleocapsid proteins or GPs have also been effectively used for acute 
diagnosis, particularly of New World hantaviruses and can provide additional insights into 
the identity of the virus. 

Virus isolation from acute clinical specimens is an almost impossible task, and only a few 
human virus isolates exist despite a plethora of newly discovered hantaviruses and available 
genome sequences. The exact reason for the difficulty of isolating hantaviruses is unknown 
but is likely related to the presence of a strong immune response at the time of disease onset, 
including serum-neutralizing antibodies. Given the frequent difficulties in obtaining 
infectious virus, reverse transcriptase-polymerase chain reaction (RT-PCR) assays have been 
used effectively to complement the serological assays. RT-PCR is used in acute diagnosis to 


detect viral RNA in the blood, serum, or tissue samples of patients and allows detailed 
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genetic comparison of hantaviruses. » ° Given the potential for false positives due to 


cross-contamination, RI-PCR is not recommended as the sole means of establishing a 
hantavirus diagnosis, and a combination of RT-PCR and IgM/IgG ELISA is still the most 
appropriate way to establish for hantavirus diagnosis. Virus-specific real-time RI-PCR 
assays, in addition to microarrays and next-generation sequencing, are more expensive and 
complex techniques for laboratory diagnostics but are certainly gaining ground (reviewed 
in ref. ). 

Immunohistochemistry on formalin-fixed or paraffin-embedded tissue samples from fatal 
cases can be useful in identifying hantavirus infection by detecting viral antigens. 
Additionally, small fragments of virus genomic RNA can be detected by RI-PCT to establish 
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a postmortem diagnosis of hantavirus infection. 


Prevention and Control 


The primary means of preventing hantavirus infection is by reducing exposure to rodents. 
Effective measures include rodent-proofing homes, correctly storing food, airing seasonally 
closed cabins, and appropriately disinfecting and removing trapped rodents and rodent 


droppings. > In addition, public awareness and proactive public health educational efforts 


should target high-risk groups. > Yet for some occupations and for the residents of rural 
areas, avoiding rodent exposure is not an option. The lack of nosocomial and person-to- 
person transmission reported during virtually all hantavirus outbreaks (with the exception of 
ANDV) suggests that spread to medical personnel or case contacts is usually not a concern. 


As for many viral infections, the development of a safe, effective, and inexpensive 


vaccine is needed. However, the high genetic and antigenic diversity of hantaviruses poses 
a considerable challenge for the development of a multivalent, broadly protective vaccine 
that would be efficacious against most of the pathogenic hantaviruses. In addition, cross- 
protection vaccine studies are hard to perform, since currently animal models are available 
for only a few hantaviruses. A broad vaccine to prevent HFRS is needed purely because of 
the thousands of HFRS cases reported annually. Indeed, several different inactivated virus 
vaccines for HTNV and SEOV have been developed in Asia. These include antigens derived 
from virus-infected rodent brain and inactivated with formalin or beta-propiolactone. Upon 


vaccination, these antigens induce a weak neutralizing antibody response, and multiple 
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booster doses are needed to elicit protective immunity. » * Several monovalent and 


bivalent anti-cHTNV and anti-SEOV tissue culture-derived inactivated vaccines have also 
been produced in China, some of which may have high efficacy. In addition, a number of 


recombinant DNA approaches to vaccine development has been investigated. The most 
advanced among them is a DNA vaccine composed of a mixture of HTNV and PUUV M 
segments; it was found to be safe and able to elicit neutralizing antibody responses in the 
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majority of human participants in a phase I clinical trial. 


HPS caused by various hantaviruses remains a rare sporadic disease despite its high 
mortality rate. HPS vaccines can be useful against local epidemics but are unlikely to be 
broadly used because of the low frequency of HPS cases. This scenario could change in the 
future if the frequency of cases increases or if ANDV human-to-human transmission 
becomes more frequent. HPS prototype vaccines based on DNA and VSV platforms 
expressing the virus glycoproteins have shown promising results when tested in the hamster 
model. > 

A neutralizing antibody response appears to be a strong correlate of protection from 
severe disease. Thus, passive immunotherapy has been tested as treatment for HFRS and 
acute HPS. Passive transfer of sera from convalescent patients has shown a modest survival 
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benefit. Recently, 2 potent neutralizing human monoclonal antibodies engineered from 
HPS patient sera have shown efficacy when administered as a monotherapy or as cocktail in 
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the hamster model. Similar results were also obtained using human polyclonal antibodies 
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produced by DNA vaccination of transchromosomal bovines. Antibody therapy could be 
developed as hantavirus disease treatment in the future. 


Based on the hypothesis that HPS and HFRS are caused by an excessive host 
proinflammatory immune response, steroid treatments have been tested. However, in a 


double-blind, randomized controlled clinical trial in Chile, high concentration of 
methylprednisolone produced no significant clinical benefit in HPS patients in comparison to 
untreated controls, underscoring the complexity of this disease and the difficulty for 
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successful immunotherapeutic intervention. On the other hand, the immunotherapeutic 
icatibant, a bradykinin receptor antagonist, has been successfully used to treat 2 patients with 


_ 14 
severe PUUV infection. 
The only antiviral that has been used to treat hantavirus disease in humans is ribavirin. 


Ribavirin effectively suppressed HTNV replication in tissue culture and in animal models, 
thereby promoting clinical trials in HFRS and HPS patients; promising results were reported 


. 174 335 . ee —_ : : 
in HFRS. °» Although ribavirin treatment has shown activity against ANDV in an HPS 
animal model, no effect was seen in human trials in the United States and Chile when 
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treatment was initiated during the symptomatic phase of infection. > ° 

Current treatment of hantavirus disease is limited to intensive supportive care, including 
hemodialysis and mechanical ventilation. Extracorporeal membrane oxygenation, used in 
very severe cases of HPS in order to maintain a sufficient supply of oxygen, increased overall 
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survival of patients. 


NAIROVIRIDAE 


The most important human pathogen in the family Nairoviridae is CCHFV within the genus 
Orthonairovirus. Other Nairoviridae viruses of human concern are Dugbe virus (DUBV), 
Erve virus (ERVEV), and Nairobi sheep disease virus (NSDV). DUBV was first isolated in 
1964 in Nigeria from Amblyomma variegatum ticks and causes a benign febrile illness in 
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humans. DUBV has been recovered from a wide range of ticks, domestic cattle, 
mosquitoes, and Culicoides in Western Africa; however, serosurveys did not reveal wide 
spread human infections. ERVEV was isolated in 1982 from a white-toothed shrew 


(Crocidura russula) in the Erve river valley in northern France. The virus has been found in 
Czech Republic, France, Germany, and the Netherlands. Very little is known about the 
involvement in human disease although it has been suspected to cause severe headache and 
intracerebral hemorrhage in humans. Nairobi sheep disease is a noncontagious, tick-borne 
infection of sheep and goats characterized by hemorrhagic gastroenteritis, abortion, and high 
mortality rates and is found in East and Central Africa. NSD virus has been isolated from 
sick patients in Uganda, as has the identical or closely related Ganjam virus from febrile 


patients in India, but their importance in terms of human disease is currently unclear. 
Crimean-Congo Hemorrhagic Fever Virus 


Distribution and Significance 


The human disease was first described as Crimean hemorrhagic fever (CHF) in 1944 in the 
Crimean peninsula, although the virus isolation took until 1967. In 1969, Jody Casals showed 
that an agent that had been isolated in the Belgian Congo (present Democratic Republic of 
the Congo, DRC) in 1956 and designated “Congo virus” was identical to CHF virus, leading 


to its current designation of CCHEV.™ Today, we know that the virus is extensively 
distributed in wild and domestic animals, birds, and ticks through countries in Africa, 
Southeast Europe, the Middle East, Africa, and the Indian subcontinent (Fig. 17.5). As a 
result, CCHF'V is the most widespread of all tick-borne viruses and second most widespread 
hemorrhagic fever virus after dengue virus. Nevertheless, human cases are typically sporadic 
and found in geographically circumscribed endemic foci within countries. The incidence of 
confirmed CCHF cases have markedly increased within the last two decades, Turkey, Iran, 
India, Southern Russia, and some Balkan countries. There is a concern about the increasing 
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geographic spread of the disease illustrated by the recent report of CCHF cases in Spain. It 
has been hypothesized that the increasing case numbers and geographic spread are a result of 
changes in environment and climate, land use/agricultural practices, and movement of 


livestock or migratory birds influencing the tick—virus—host dynamics ultimately changin 
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the epidemiology of the disease. °° 


Geographic distribution of Crimean-Congo Haemorrhagic Fever 
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FIGURE 17.5 Geographic distribution of Crimean-Congo hemorrhagic 
fever virus (2017). (Figure © WHO 2017 All rights reserved.) 


Epidemiology and Epizootiology 


CCHFYV transmitted to humans typically through tick bite or crushing of engorged tick and in 
some cases through direct contact with blood of viremic vertebrate hosts including livestock 
and humans (Fig. 17.6). In nature, CCHFV circulates in enzootic tick-vertebrate-tick cycle. 
Since neither the infected tick vector nor the infected vertebrate host show any signs of 
infection, this cycle perpetuates undetected. Ticks are virus vector and reservoir; once 
infected, they remain infected throughout their lifespans; the virus is maintained through 
transstadial (i.e., passing the virus through the various stages of the life cycle, from larva to 
nymph to adult) and transovarial transmission (i.e., horizontal transmission to the next 
generation) in several species of ixodid (hard) ticks, accompanied by a seasonal bursts of 
amplification each spring and summer, when the ticks transmit the virus to mammals while 
taking the blood meals required for their maturation and for egg production (Fig. 17.6). The 
resulting viremia in mammalian animal hosts is transient. Humans are dead end hosts and the 
only host that shows overt signs of disease and human cases typically occur singly or 
sporadically in rural areas. The epidemiology of CCHFV reflects the complex ecology and 
geographic distribution of the ixodid tick hosts of the virus, particularly those of genus 


Hyalomma. > Although CCHFV has been isolated from approximately 30 different tick 
species, evidence is lacking as to whether they truly represent vectors or merely reflect the 
isolation of virus from engorged ticks that have fed on a viremic vertebrate host. Only some 
ticks of three genera, Hyalomma, Dermacentor, and Rhipicephalus, have actually been 
shown to be capable of transstadial transmission of CCHFV following feeding on a viremic 


host. Transovarial transmission of CCHFV has also been shown to occur with some of the 
tick species in these genera. Moreover, the overall global pattern of geographic distribution 
of CCHFV cases corresponds most closely with the distribution of Hyalomma ticks, 
suggesting their principal role as vector. 
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FIGURE 17.6 Life cycle of Hyalomma spp. ticks and vertical and horizontal 
transmission of CCHF’V. The course of the tick life cycle is indicated with blue 
arrows. Upon hatching, larvae find a small animal host for their first blood meal 
(hematophagy). Depending on the tick species, the larvae either remain attached 
to their host following engorgement and molt in place (two-host ticks) or fall off 
and molt (three-host ticks); this transition is marked by an asterisk. The nymphs 
then either continue to feed on the animal on which they molted (two-host ticks) 
or attach to a new small animal (three-host ticks). Upon engorgement, nymphs of 
all species drop off their host and molt into adults. Adult ticks then find a large 
animal for hematophagy and mate while attached to the host. After taking a 
blood meal, the engorged females drop off and find a suitable location for 
ovipositing. During the tick life cycle, there are a number of opportunities for 
virus transmission between ticks and mammals (solid red arrows) and directly 
between ticks, through cofeeding (dashed arrows). For each form of virus 
transfer, the thickness of the red arrow indicates the efficiency of transmission. 
Infection of humans can occur through the bite of an infected tick or through 
exposure to the body fluids of a viremic animal or CCHF patient. 


Reported CFR have been broad, ranging from 3% all the way to 100%. The variation in 
rates could be explained by differences in treatment, data sampling and diagnostics 
capabilities between outbreaks, as well as difference virulence of CCHFV strains. For 


instance, it has been suggested that the CCHFV strain AP92, originally isolated in and 
endemic in Greece, shows a lower virulence than other CCHF'V strains due to the lack of 
clinical cases in Greece. Recently, strains very closely related to AP92 have been found in 
neighboring countries and have been detected in clinical cases. Turkey has overall the largest 
case numbers with a CFR just under 5%. CRFs in other countries for example Kosovo (34%) 
are higher. It is not known why this is the case. 


Only limited information is available on CCHFV infections in special populations. 
CCHF appears to be associated with more severe disease in pregnant women with an overall 
CFR or 34%; however, the overall prevalence is very low and only few cases have been 


examined. CCHFV infection of pregnant women can lead to spontaneous abortion, and the 
overall prognosis for the fetus is poor. The prevalence of CCHF in children is lower than in 
adults, and the disease is generally milder with lower fatality rates, although the full range of 
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clinical features can be seen. ‘This might be due to the fact that the proinflammatory 
: 7 ‘i ‘ 18 
chemokine levels in children seemed to be not as often elevated as in adults. 


As one would expect based on the epidemiology, most cases are among individuals (e.g., 
shepherds, ranchers, and abattoir workers) living or working in close contact with livestock 
(e.g., sheep, goats, cattle, or ostriches) in endemic areas. Cases are usually start to occur in 
the early summer until early fall. Nosocomial outbreaks with cluster of cases have also been 
reported in several regions, with infection of medical personnel following treatment or 
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surgery on an unsuspected CCHFV case. This usually occurs when awareness of CCHF 
presents is low among medial personal not proper personal protective measures are taken. 


Recent studies indicate that the human seroprevalence in enzootic areas of the disease 
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can be as high as 90% with patients reporting no disease. > » This could be an indicator 


for a much greater number of subclinical CCHFV infections as previously thought. A 
Russian study showed that one of every five infected people develops ccur 

The CCHFV genome has unique properties (see molecular chapter). For example, the M 
and L segment are significant larger than other bunyavirales and the function of many 
domains remains to be determined. CCHFV displays a great degree of sequence diversity 
among strains, with divergence of 20%, 22%, and 31% in the S, L, and M segments, 
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respectively. This suggests that significant genome and protein diversity is tolerated while 
maintaining fitness in the invertebrate vector and the vertebrate host. The sequence diversity 
is driven by genetic drift due to an error-prone polymerase as well as recombination and 
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reassortment; although the latter two are considered rare events. » Reassortment and 
recombination could potentially have a significant influence on the virulence of CCHFV 
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Strains as described in a study from South Africa. More subtle antigenic difference within 
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the CCHFV group have been defined using monoclonal antibodies, but it is unclear how 
such variation affect the virulence across or the cross-protection among viruses in vertebrate 
hosts. 


Clinical Features 


Although Hyalomma ticks feed on a range of vertebrate hosts, humans are the only species 
that have been described to show overt signs of disease. As discussed above, an 


indeterminate number of CCHF'V infections in humans take their course asymptomatically or 
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as a mild form. » » Symptomatic CCHF’V infections mostly take a characteristic course 


with four distinct phases: incubation, prehemorrhagic, hemorrhagic, and convalescence 


period (Fig. 7). The incubation period likely depend on the mode of virus acquisition 
and viral dose and can range from 1 to 13 days. Following tick bite, the incubation period is 


usually short, up to 5 days. However, determining the exact time when patient was bitten by 
a tick is difficult especially since tick saliva contains pharmacologically active substances 
that numb the bite site, and many tick bites go unnoticed. Humans can also become infected 
by crushing of engorged or semiengorged ticks percutaneously or through contact with 
mucous membranes. The incubation period following blood-borne transmissions from 
viremic animals or human patients most likely depends largely on the viral titers in the blood 
but is usually 5 to 7 days. No studies have defined the infectious dose or the stability of 
CCHFYV in blood. Studies conducted in South Africa showed a time to onset of disease after 
exposure to tick bite was 3.2 days, 5 days following exposure to blood or tissue of livestock, 


and 5.6 days after exposure to blood of infected human beings. — The prehemorrhagic period 
is characterized by the sudden onset of fever (39°C-—41°C), headache, malaise, myalgia, and 
dizziness, and in some patients nausea, diarrhea, and vomiting. Flushing of the face, neck, 
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and chest, congested sclera, and conjunctivitis are also commonly noted. °» Virus can be 
detected in the blood at this point. On average, the prehemorrhagic period lasts for 3 days 


(range: 1-7 days) and fever persists for 4 to 5 days. The hemorrhagic period develops 
rapidly, usually begins between the 3 to 5 day of illness and is short (2-3 days). The first 
evidence is petechiae and ecchymosis in the skin and mucous membranes. Bleeding from 
other sites, including the vagina, gingival bleeding, and cerebral hemorrhage, have been 
reported. > The most common bleeding sites are the nose, gastrointestinal system 
(hematemesis, melena, and intra-abdominal), uterus (menometrorrhagia) and urinary tract 
P . ‘ 165 274 7 i < 
(hematuria), and the respiratory tract (hemoptysis). ° Atypical presentations of bleeding 
are also seen. Hepatomegaly and splenomegaly have been reported to be occurred in one- 
third of patients. > Several studies have shown that viral loads directly correlate with 
disease outcome and disease severity. Viral loads corresponding to greater than 10° genome 
equivalents/mL indicate a fatal outcome, while lower viral loads elicit a less severe disease 
course. Deaths generally occur on day 5 to 14 of illness and are attributed to cardiovascular 
disturbances and multiorgan failure (MOF). The convalescence period usually begins in 
survivors about 10 to 20 days after the onset of illness and can take up to a year. During this 
period, generalized weakness, tachycardia, temporary hair loss, polyneuritis, difficulty 
breathing, xerostomia, impaired vision, hearing loss, and memory loss have been reported. 
Thrombocytopenia, leukopenia and raised levels of aspartate aminotransferase (AST), 


alanine aminotransferase (ALT), lactate dehydrogenase (LDH) are hallmark features of 
CCHF infection. Furthermore, coagulation tests such as prothrombin time and activated 
partial thromboplastin (APTT) time are prolonged. In some patients, DIC develops. In that 
case, platelet counts fall significant further and the level of fibrin degradation products and p- 
dimers increases. Clinical data indicate that viral load, thrombocytopenia, elevated 
prothrombin time ratio, and APTT likely play a central role in disease progression and 
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severity. ° No standardized case definition exists internationally and many countries have 
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their own case definitions. 
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FIGURE 17.7 Clinical presentation of Crimean-Congo hemorrhagic fever in 
humans. See text for detailed description. 


Pathogenesis and Pathology 


We only have a very limited understanding of the pathogenesis of the disease mainly due to 
sporadic nature of human cases, the requirement to work in maximum biocontainment with 
the virus, and the lack of suitable animal models. What is known is pieced together from a 
clinical pathology and biomarker studies in patients during the course of the disease and a 
very limited number of necropsies. Findings from cell culture studies and 
immunocompromised animal studies lend some support to the findings and fill few 


knowledge gaps. One of the big questions in CCHF research remains while in contrast to 
the inapparent infection characteristic of CCHFV infection of other vertebrate hosts, human 
infections often result in severe hemorrhagic fever. The sequence of events in those severe 
cases is largely as follows (Fig. 17.8). During attachment and feeding, the tick will introduce 
the virus into the skin. It is unknown when the tick after attachment will transmit the virus, 
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and what virus titers are transmitted. Studies with other tick-borne pathogens have shown 
that the immunomodulatory components in the tick saliva that facilitate tick attachment can 


be exploited by the pathogen to enhance infection. This might explain a shorter incubation 
period after tick bite compared to human-to-human transmission; however, it remains to be 
determined for CCHFV as there are certain confounding factors, for example, tick bites go 
unnoticed sometimes. In addition to tick bite, CCHFV can also be transmitted from contact 
with the blood of infected animals during the slaughter process, through crushing of 
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engorging ticks feeding on animals, or in a nosocomial setting. On introduction of the virus 
into the dermis or mucosa, there is likely local primary replication mainly in resident 
mononuclear phagocytes followed by blood- and lymph-borne spread of the virus either in 


infected cells or not cell associated to the major organs where secondary replication 
85 310 333 : . . . . 
occurs. » ’ From there the virus is seeded back into the bloodstream to cause viremia. At 
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this point, virus can also be shed from the blood into saliva and urine. Little is known 
regarding host cell receptor use or factors driving cell and tissue tropism in the host. The 
systemic spread of CCHF’V is aided by the virus ability to evade or suppress the innate 


; a. 417 ; ; 

immune response (see molecular chapter for more details). |The liver seems to be the main 
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target organ in the systemic phase, where high levels of replication take place. 
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Histopathologic studies have been limited to a small number of human cases. » The most 
consistent microscopic changes in the liver tissues were eosinophilic necrosis, Councilman 


bodies, and Kupffer cell hyperplasia. > A spectrum of severity of hepatic damage was 
identified ranging from mild necrosis with occasional Councilman bodies to more severe 
necrosis with extensive damage of hepatic lobules (Fig. 17.9). Hepatic injury is also reflected 
by high levels of transaminases in the blood of patient during the hemorrhagic phase. Viral 
antigen could be detected focally in hepatocytes and Kupffer cells (Fig. 17.10). The main 


findings in other tissues included prominent splenic lymphoid apoptosis and depletion, and 
interstitial pneumonia. CCHFV was also detected in endothelial cells. Congestion, edema, 
and focal hemorrhage and necrosis are seen in most organs. Many of these findings have 
been supported by studies in immunocompromised mice, which model rather the most severe 


form of the disease.» Proinflammatory cytokines play a key role in the pathogenesis and 
severity of the disease. A range of clinical studies measured elevated levels of number of 
cytokines and chemokines in the blood of CCHF patients with TNF-a, IL-6, IL-8, and IL-10 


being associated with severe disease. These findings are by in vitro and in vivo studies. 
This suggests that a host-driven inflammatory response, mediated through an imbalance in 
cytokine and chemokine production, is the cause of severe disease progression. 
Proinflammatory cytokines, platelet aggregation, and activation of the intrinsic coagulation 
cascade probably lead to an altered vascular function making bleeding in different organs 
common in CCHF patients. Increased levels of vascular adhesion markers such as ICAM-1 


and VCAM-1 have been detected in cell culture studies as well as in clinical studies. > The 
humoral and cell-mediated immune responses to clear CCHFV infection remain poorly 
defined. One study showed higher levels of NK cells in CCHF patients with severe disease, 
whereas another study contradicted these findings and found higher levels of cytotoxic T 


cells instead. > Both IgM and IgG antibodies are usually detectable approximately 5 to 7 
days after the onset of illness and reach maximum levels in survivors by the 2nd or the 3rd 


week after disease onset and are detectable until at least 3 years after infection. >” Antibody 
responses are rarely detectable in fatal cases. Lastly, it has been suggested that genetic 
makeup such as HLA type or polymorphisms in TLR10 or IFNA expression could play a role 
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in the disease severity.’ ° Recently, an immunocompetent nonhuman primate model was 
reported in which cynomolgus macaques infected with CCHFV hallmark signs of human 
CCHF with remarkably similar viral dissemination, organ pathology, and disease progression 


as humans. This model holds a lot of promise to fill knowledge gaps and needs to be 
further evaluated. 


Clinical evidence 
in vitro evidence 
unknown 


FIGURE 17.8 Transmission and dissemination of CCHFV after tick bite. 
CCHFV is introduced into the skin through tick bite. It is unclear at what time 
after tick attachment the virus is transmitted and how much virus is transmitted. 


Initial cell targets are most likely dermal dendritic cells, Langerhans cells, and in 
the skin residing macrophages in which the virus replicates. From here, the virus 
most likely spreads to the local draining lymph node; however, hematogenous 
spread is conceivable as well. The role of tick saliva in this process and if the 
dissemination occurs through free or cell bound virus remains unknown. 
Subsequent to local replication, the virus will spread systemically targeting cells 
in liver and spleen as well as myeloid cells in the blood where secondary 
replication occurs. 


FIGURE 17.9 Multicellular hepatic necrosis. (Courtesy of Dr. Sherif Zaki, 
CDC, Atlanta.) 


FIGURE 17.10 Immunohistochemistry of human liver. CCHFV antigen in 
hepatocytes in red. (Courtesy of Dr. Sherif Zaki, CDC, Atlanta.) 


Diagnosis 


Differential 


Clinical differential diagnosis of CCHFV varies in the different regions where the disease is 
known to occur and can be difficult in early stages. In general, the disease can be suspected 
for patients presenting with a rapid onset of severe influenza-like symptoms and known 
exposure to tick bite or contact with blood or tissues of potentially infected livestock or 
humans. The early stages can be confused with sandfly fevers in regions where the diseases 
overlap, and leptospirosis, Omsk hemorrhagic fever, other viral hemorrhagic fevers (yellow 
fever, HFRS, Ebola), tick typhus, and mycotoxicoses can appear similar in the more 
advanced hemorrhagic phase of the illness. Although presentation is not pathognomonic, 
clinical values can be helpful in diagnosis when CCHF is suspected, with leukopenia, 


thrombocytopenia, and elevated liver enzymes frequently being present early in the 
17 379 
disease. ° 


Laboratory 


Due to the requirement of high or maximum biocontainment laboratories to work with 

CCHFY, virus isolation is only used when facilities are available and is not the typical used 
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to for the first-line diagnosis since it is also time consuming. CCHFV antigen detection 


ELISAs from patient acute phase sera have been developed and are also performed.» 


For CCHFYV isolation, i.c. or intraperitoneal inoculation of patient acute phase blood samples 
into newborn mice is probably most sensitive, although quicker results can be obtained by 
inoculation into susceptible tissue culture cells, such as Vero cells, followed by fluorescent 
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antibody staining. Rapid laboratory diagnosis of CCHFV can be achieved by nucleic acid 
detection and several RI-PCR, real-time RI-qPCRs, and Lamp assays have been 
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developed. >» » °» » Advantageous is that the sample can be inactivated before the assay 
is conducted. Commercial kits are used in some countries, but most countries rely on in- 
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house established assays, and there is no internationally standardized nucleic acid test. The 
virus, its genome, and antigen are usually detectable up to 1 to 2 weeks after onset of illness. 


Serological diagnostic is typically done by ELISA or indirect fluorescence assay (IFA), and 
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several serological assays for human or animal sera have been developed. ° ° Fatal cases 


rarely show significant antibody responses. However, in those destined to survive, IgM and 
IgG antibodies are frequently detectable after about a week of illness. Studies have shown 


that IgM can be detected up to 4 months and IgG is detectable for at least 3 years. 


Prevention and Control 


Prevention 


There is no vaccine against CCHF available for humans or animals, and anti-Hyalomma tick 
vaccine is currently available. Prevention therefore is to minimize exposure to the virus by 
avoiding tick exposure in endemic areas. Treatment of clothing with pyrethroid preparations, 
which repels and even kills ticks, is highly recommended for those persons likely to come 
into contact with CCHFV-infected ticks (e.g., slaughterhouse workers, sheep shearers, 
veterinarians, and others involved with livestock). In addition, habits that avoid virus- 
contaminated blood or tissues contacting the skin should be practiced (e.g., wearing of gloves 
and avoiding crushing ticks with fingers). Medical personnel should practice standard 
barrier-nursing techniques during care of suspected CCHF'V patients. 


Treatment 


Most CCHF cases occur in rural areas often with low infrastructure. Treatment of those 
patients is by means of supportive and replacement therapy with blood products. When 
available, ribavirin treatment has been suggested and has been used to treat CCHF patients 
for more than three decades. Experimental tissue culture and mouse infections have shown 


that CCHFV susceptibility to ribavirin treatment. Studies have generally found that ribavirin 
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is beneficial, so long as it is initiated early in the course of illness. » » Nevertheless, 


recent meta-analysis studies question the therapeutic benefit of ribavirin creating uncertainty 
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of its use as a treatment. » As a result, some investigators have called for randomized 
controlled trials to be conducted. Two recent animal studies looked at Favipiravir (T-705) 


; os on sha. 286 2a oe , ' 

treatment and found it to be more efficient than ribavirin, » making it an interesting new 
candidate for treatment. There are limited reports on other experimental treatments such as 
ribavirin combined with plasma exchange transfusion, steroids, or double plasmapheresis 


with inconclusive results. Administration of immune plasma has been tried on numerous 
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occasions, but its usefulness remains unclear. ° > 


Vaccines 


A chloroform-inactivated vaccine prepared from virus-infected suckling mouse brains was 
developed in the former Soviet Union in 1970 and was used in parts of Eastern Europe. The 
vaccine is currently licensed in Bulgaria and is given to high-risk personnel in endemic areas 
such as military personnel as well as medical and agricultural workers. Although the 
Bulgarian ministry of health reported a four-fold decrease in the incidence of the disease in 
two decades due to the vaccine, its efficacy remains still not well characterized. Furthermore, 
it requires a three booster vaccination, and a mouse brain-derived formulation raise concerns 
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about side effects. Multiple CCHFV vaccines have been developed experimentally, with 
vaccine types such as inactivated whole/purified virus, virus-like particles, vectored vaccines 


relying on vaccinia and adenovirus platforms, plasmid-based DNA vaccines, and subunit 
vaccines relying on either plant or insect produced antigens. With few exceptions, these 
vaccines have all been evaluated with a prime and boost (or multiboost) strategy along with 
the subunit and inactivated whole virus strategies containing adjuvants. Many of these listed 
vaccines have been evaluated in either BALB/c, STAT1 K/O, or IFNAR mice, though a 
consensus animal model for vaccine testing has not yet been established. Immune correlates 
of protection in these various vaccination strategies, antigenic targets, and animal models 
have not been uniform and therefore remains largely unknown. The predominant antigenic 
target has been whole or components of the glycoprotein precursor with 100% protection 
observed in vaccinia vectors, though a tandem nucleoprotein plus glycoprotein approach with 
DNA vaccines and an adenovirus vectored nucleoprotein only have both achieved >70% 
protection, suggesting both glycoprotein and nucleoprotein components are viable antigenic 


targets. The lack of an immunocompetent animal model has made the assessment of 
vaccine candidates difficult. Moreover, immune correlates of protection not very well 
defined, and recent studies show that in addition to neutralizing, also non-neutralizing 
antibodies and the cellular response play a crucial role. The sporadic CCHF outbreaks in 
rural areas raises questions about the feasibility of a human vaccine. Therefore, One Health 
approaches using reservoir-targeted approaches through veterinary vaccines and acaricides 
have been suggested. 


PERIBUNYAVIRIDAE, GENUS 
ORTHOBUNYAVIRUS 


The Orthobunyavirus genus is a large genus containing 49 viral species based on the latest 
proposed taxonomy of the ICTV. However, the viruses can also be distinguished into 18 
serogroups based on neutralization (NT), hemagglutination inhibition (HI), and complex 
fixation assays. Here, we group the viruses based on serogroups. Medically, the most 
important viruses such as Oropouche virus (OROV), La Crosse virus (LACV), and 
Jamestown Canyon virus (JCV) can be found in the Bunyamwera, California, and Simbu 
serogroups. This section will focus on these three serogroups since they contain members 
that medically most relevant. 


Distribution and Significance 


Most orthobunyaviruses are transmitted by mosquitoes, although a few have been isolated 
from tabanids, phlebotomines, ticks, and bedbugs, and have been found in every continent 


except Antarctica. 
Epidemiology 


California Serogroup Viruses 


LACV is the most significant of the California encephalitis serogroup viruses in terms of 


causing human disease in the United States, with 60 to 100 cases per year, predominantly in 
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children younger than 15 years of age. There is, however, severe underreporting. » The 


primary vector is the forest-dwelling, tree-hole—-breeding mosquito, Aedes triseriatus, 
although more recently, and concerning, the virus has also been isolated from the aggressive 


bse : 224 posta ; 
day-feeing Asian tiger-mosquito, Aedes albopictus. A. triseriatus is found throughout the 
northern Midwestern and Northeastern United States, and LACV is maintained in these 
mosquitoes by transovarial transmission, which allows overwintering of the virus in 
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mosquito eggs. During the summer months, squirrels, chipmunks, foxes, and woodchucks 


become viremic following LACV infection and are important amplifying hosts. > The 


majority of La Crosse encephalitis cases occur in the summer and early fall months when risk 
of bite from infected female mosquitoes is highest. Historically, LACV infections mostly 
occurred in the Mississippi and Ohio river basins, with more than 90% of cases coming from 


Wisconsin, Minnesota, Iowa, Indiana, Ohio, and Illinois, but since the 1980s, more cases 
have been reported from Appalachia and eastern Tennessee, and between 1987 and 2009, 


more than 30% of total cases in the United States were from West Virginia. JCV (including 
the closely related Jerry Slough variety) is also associated with arboviral encephalitis in the 
United States. The virus is vectored by Culex inornata mosquitoes, and several species of 
Aedes mosquitoes, and is broadly distributed across much of North America. Vertical 
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transmission of the virus has been demonstrated in several Aedes species mosquitoes. 
White-tailed deer are the most likely vertebrate amplifying host. 


Bunyamvwera Serogroup Viruses 


Bunyamwera virus is present throughout much of sub-Saharan Africa and appears to be an 
important cause of acute febrile illness in humans. The virus has been isolated from humans 


; Su . 142 206 ou ee 
in Uganda, Nigeria, and South Africa. » More recently, Ngari virus has been identified as 
a reassortant BUNV. This reassortant virus has been associated with hemorrhagic fever cases 


in Somalia and Kenya and a large outbreak of acute febrile illness in Sudan. In addition, 
human antibodies reactive with BUNV have been detected in most of sub-Saharan Africa, 
with high prevalence (up to 82%) being recorded in some locations. Isolation of the virus 
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from several Aedes species mosquitoes has implicated them as the primary vector. ° 


Antibodies reactive with BUNV have been detected in domestic animals, nonhuman 
primates, rodents, and birds, and viremias capable of supporting mosquito transmission have 
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been recorded in experimentally infected rodents, bats, and primates. » However, the role 
of a potential vertebrate amplifying host is currently unclear. Several additional Bunyamwera 


serogroup viruses are present in the Americas and are infrequently reported to cause acute 
febrile illness in humans. Cache Valley virus is found throughout the United States, Canada, 
and Mexico and often infects sheep and possibly all ruminants; infections have been 
associated with embryonic and fetal death, stillbirths, and multiple congenital malformations 
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in sheep. » The virus has caused a fatal encephalitis in a human. ‘It remains unclear 
whether Cache Valley and serologically closely related viruses may play a role in syndromes 
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of congenital malformations and embryonic losses in humans in North America. 


Simbu Serogroup Viruses 


Simbu serogroup viruses are global in distribution and are principally vectored by biting 
midges of the genus Culicoides. Since the original isolation of OROV from a febrile patient 
in Trinidad in the 1950s, the medical importance of the virus has become increasingly 


evident. OROV has a wide geographic distribution in tropical regions of the Americas. It 
has been isolated from humans in Panama, Venezuela, Bolivia, and northern Argentina. It is 
probably much more common than reported, because of its similar clinical presentation to 
dengue, Zika, and other diseases causing acute nonspecific febrile illnesses. Between 1960 
and 2009, at least 500,000 people are thought to have been infected in more than 30 
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outbreaks. Most of these outbreaks were in relatively urban areas, leading to the suggestion 
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that there are likely separate urban and sylvatic cycles. » The principal rural vector in 


; = a a ae ; ’ 
Brazil appears to be the tiny biting midge, Culicoides paraensis, *» which breeds in rotting 


vegetative matter, and seasonal populations can become high in agricultural areas, where 
: : : 314 
build-up of debris such as banana tree stalks or cacao husks may occur (Fig. 17.11). 
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FIGURE 17.11 Transmission cycles of Oropouche virus. (Adapted from 
Travassos da Rosa JF, de Souza WM, Pinheiro FP, et al. Oropouche virus: 
clinical, epidemiological, and molecular aspects of a neglected orthobunyavirus. 
Am J Trop Med Hyg 2017;96(5):1019—1030.) 


These midges feed predominantly in the early evening hours and are quite 
anthropophilic. Infected humans develop viremia sufficiently high to transmit the virus to 
uninfected midges and appear capable of serving as the vertebrate amplifying host during 
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urban epidemics. » Serologic data also suggest that primates or sloths, or even birds, may 
be potential hosts in the sylvatic cycle. There are well-documented outbreaks of OROV in 
urban areas associated with both C. paraenesis and Culex quinquefasciatus (Fig. 17.11). The 
virus has been isolated repeatedly from C. quinquefasciatus, and experimental bite 
transmission has been demonstrated experimentally in this mosquito. Recent phylogenetic 


studies indicate that four distinct OROV lineages are present in different geographic areas, 
402 


and that OROV emerged in Brazil in around 1790. 


Akabane virus (AKAV) is widely distributed throughout Australasia (Australia, Japan, 
Korea, Taiwan), the Middle East (occasionally extending as far north as Turkey), and sub- 


Saharan Africa.’ > The virus is an important cause of disease in livestock, with periodic 
outbreaks of abortions, stillbirths, and congenital malformations recorded in cattle, sheep, 
and goats in Australia, Japan, Korea, Taiwan, Israel, and Turkey, although intriguingly no 
disease outbreaks have been observed in Africa, despite the widespread presence of the 


virus. The virus is vectored by midges of the genus Culicoides, and although C. brevitarsis 


is the primary vector in Australia, different species are important in Asia and the Middle 
East.’ Unlike LACV, which mainly causes encephalitis in children, JCV appears to 


predominantly cause disease in adults, although only 15 human cases have been reported 
since 2004. No information on age depends is available for OROV. 


Morbidity/Mortality 


For most of the orthobunyavirus infections, no mortality has been reported. Nevertheless, due 
to the small case numbers, and for some with limited geographic range, under reporting is 
possible. Cases are usually sporadic. However, several thousand cases of acute febrile illness 
can occur during OROV epidemics observed throughout the Amazon basin regions of Brazil 
and Peru. 


Clinical Features 


The California serogroup viruses, LACV, Jamestown Canyon, and the prototype California 
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encephalitis virus all cause a similar encephalitic disease in humans. Indeed, due to 
serologic cross-reactivity, many of the early disease descriptions of California encephalitis 
cases were likely due to JCV or LACV rather than California encephalitis virus, which is 
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now known to be less common. The major difference between the viruses is in age 
dependence of the spectrum of clinical disease observed, in that LACV infections tend to be 


more severe in children, whereas JCV infection is more severe in adults. The spectrum of 
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disease ranges from inapparent or mild febrile disease through to fatal encephalitis. > 


The incubation period is approximately 3 to 7 days. Most cases report sudden onset of fever, 
followed by stiff neck, lethargy, headache, and nausea and vomiting, and symptoms usually 
end within 7 days. Approximately half the cases exhibit seizures, and up to 30% develop 
coma and exhibit a longer disease course. About 65% of patients have meningitis on 
presentation, with both mononuclear and polymorphonuclear cells present in cerebrospinal 
fluid. Despite mild neurological symptoms often present at the time of patient discharge, 
surprisingly little residua is found. The most important sequela is epilepsy, which is observed 
in approximately 10% to 15% of children, and these are almost always patients who had 


seizures during acute phase of illness. In addition, about 2% of patients have persistent 
. 81152 261 
paresis. > ° 


For OROV, the incubation period is approximately 4 to 8 days, followed by sudden onset 


of fever, with arthralgia, myalgia, severe headache, chills, photophobia, and prostration. 
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Occasionally, rash, meningitis, or meningismus is seen. » » Most of the symptoms 


resolve within 3 to 5 days, although the myalgia may last 1 or 2 weeks. Viremia is detectable 
in the majority of patients 2 to 3 days after onset of illness. Approximately half of the 
patients can exhibit recurrence of some disease symptoms 1 to 10 days after initial 
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recovery. » OROV is also suspected to be infectious by aerosol, based on reported 
. . 313 
laboratory infections. 


Pathogenesis and Pathology 


Human infections with California encephalitis, LACV, or JCV viruses are initiated by the bite 
of a virus-infected mosquito. The course of the infection has been extensively modeled in 


mice. Similar to the human infection, the outcome of the infection in mice is dependent on 
the age of the animal and strain of virus used, with subcutaneous challenge of newborn mice 
most closely mimicking the natural human infection. The virus initially spreads from the site 
of inoculation into striated muscle, which is the major site of replication. It spreads to the 
plasma, presumably through the lymphatic channels, and the resulting high viremia allows 
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the virus to cross the blood-brain barrier. Mice inoculated intraperitoneally with LACV 
showed high levels of replication in nasal turbinates, suggesting the virus could enter the 


central nervous system (CNS) by olfactory neurons. Once in the CNS, the virus replicates 
in neurons and glial cells, causing considerable neuronal necrosis. Death occurs 3 or 4 days 
postinfection. In contrast, although rhesus monkeys were highly susceptible to LACV 


infection, the animals remained asymptomatic and developed neutralizing antibodies.» High 
viremia is essential for neuroinvasion. A monoclonal antibody escape mutant of LACV (V22) 
showed decreased replication in striated muscle, and hence did not generate sufficient 
viremia to permit neuroinvasion, but V22 was as neurovirulent as wild-type LACV when 
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inoculated — intracranially. A similar distinction between  neurovirulence and 
neuroinvasiveness is implied from observations on recombinant LACV with mutations in the 
fusion peptide domain of Gc, which showed reduced replication in muscle cells but retained 


the ability to cause neuronal loss in culture. The lesions observed in the brains of fatal La 
Crosse encephalitis cases differ from those in infected suckling mice. In humans, and to a 
large extent in adult mice infected intracerebrally, cerebral edema, perivascular cuffing, glial 
nodules, mild leptomeningitis, and occasional areas of focal necrosis that are typical of acute 
severe viral encephalitis are observed. Lesions are mostly in the cerebral cortex, with some in 
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the brainstem. Studies with Tahyna virus and JCV showed strain differences in 
neuroinvasiveness and neurovirulence in a Swiss Webster mouse model, whereas in rhesus 
monkeys, no clinical disease was observed but the animals mounted strong neutralizing 
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antibody responses. ° 


Infection of natural vertebrate amplifying hosts of these viruses, such as adult chipmunks 
(LACV) or snowshoe hares (snowshoe hare virus), results in inapparent infection and 


a = ’ 351 east _— 
viremia sufficient to infect mosquitoes. A. triseriatus mosquitoes are the principal vector of 


LACYV, and their experimental infection with California encephalitis serogroup viruses has 
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been studied in detail. » » » Viruses ingested via a viremic bloodmeal infect the epithelial 


layer surrounding the mosquito midgut. Replication of the virus results in release of the virus 
across the basal lamina into the hemocele, allowing transport of the virus to tissues 
throughout the body. Virus infection of mosquitoes other than the principal vector species 
usually results in poor penetration of the virus across this midgut barrier. Experimental 
infections using reassortant viruses have shown that virus M genomic segment (encoding the 
glycoproteins and NSm protein) is an important component in the correct match between 
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virus and host mosquito, which allows efficient transit across the midgut barrier. Once 
across the barrier, virus replication occurs in a wide variety of tissues, including the ovaries 


and salivary glands. Release of virus from the salivary glands allows virus transmission 
from the female mosquito to the vertebrate host during feeding. Mosquitoes begin to be 
infectious approximately 1 or 2 weeks after ingestion of virus, an interval referred to as the 
extrinsic incubation period. 


The infection of the ovaries is thought to be crucial for virus maintenance in mosquito 
populations, in that it results in transovarial transmission of the virus from the female to the 


offspring and allows the virus to overwinter in infected eggs. In addition, LACV-infected 


females appear to mate more efficiently than uninfected mosquitoes. Male mosquitoes play 
no role in the vertical transovarial transmission of the virus, or in the horizontal transmission 
via amplifying vertebrate hosts, as they do not take a bloodmeal. However, the virus is 
detected in the gonads of transovarially infected males and can result in venereal 
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transmission of the virus horizontally within the mosquito population. This combination of 
transmission mechanisms allows efficient maintenance of the LACV in A. triseriatus 
populations. Similar processes are thought to function in host mosquito infections with other 
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California serogroup viruses, and results from studies with these viruses and _ their 
arthropod hosts serve as a model for understanding virus maintenance and transmission 
mechanisms for other Bunyavirales viruses. 

Aino and AKAV are important causes of disease in livestock, causing epizootics of 
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abortions and congenital defects in cattle, sheep, and goats. » ° Experimental infections 


of pregnant cattle or ewes with either virus have been shown to produce viremia, followed by 
virus replication in the placenta and fetal tissues, and resulting in congenital defects such as 
. 201 303 396 ae ‘ . : 
microencephaly and hydrocephalus. » » Similarly, experimental infection of pregnant 
é ‘ i 
hamsters with AKAV results in death of the fetus. 
Natural reassortment among orthobunyaviruses is important as it confounds serology and 
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classification of viruses in the genus. A striking example is Ngari virus, a human pathogenic 
virus in Africa. Ngari virus was isolated during a large human hemorrhagic fever outbreak in 


1997 in East Africa. A genetic analysis revealed that Ngari virus is a naturally occurring 


reassortant between Bunyamwera virus (S and L segment) and Batai virus (M segment). 
These two viruses do not cause a hemorrhagic disease in humans. As illustrated with Ngari, 
reassortants may be phylogenetically quite similar to other viruses but quite different 
phenotypically. 


Diagnosis 


Laboratory 


A wide variety of assays have been used in the diagnosis of infections with viruses of the 
genus Orthobunyavirus, including complement fixation (CF), hemagglutination inhibition 


(HI), neutralization (NT), immunofluorescence assay, IgM capture ELISA, and RI- 
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PCR.» » » » » Diagnosis of California serogroup virus infections relies on serologic 


methods, as the virus is generally absent from blood or secretions during the phase of CNS 
disease. The HI test is considerably more sensitive for these viruses than CF, but NT assay or 
RI-PCR coupled with multiplex nucleotide sequencing is needed for confirmation and 


subtype identification. The IgM capture ELISA works well for diagnosis of most infections 


by viruses of the genus Orthobunyavirus but has not been widely applied to date 


Virus isolation attempts complement serologic and genetic assays and is best achieved by 
intracerebral (i.c.) inoculation of suckling mice or infection of susceptible cells such as Vero 
cells. 


Prevention and Control 


Prevention and control is difficult for the mosquito-borne California and Bunyamwera 
serogroup Viruses due to the widespread presence of the mosquito vector hosts and relatively 
sporadic nature of the associated human or livestock diseases. No vaccines are available for 
human-infecting orthobunyaviruses. Broad application of insecticides, as carried out in 
earlier decades, is no longer ecologically acceptable. Relative to human disease, use of fine 
mesh netting and personal protectants containing N,N-diethyl-meta-toluamide (DEET) are 
highly recommended in areas with high risk of people being bitten by virus-infected 
mosquitoes. Similar vector control challenges exist for the Simbu serogroup viruses vectored 
by Culicoides midges. With the OROV disease in Brazil and Peru, avoiding the build-up of 
rotting organic debris such as banana tree stalks or cacao husks in agricultural areas may help 


curtail population levels of C. paraensis and reduce the risk of seasonal epidemics. 
Avoiding exposure (treated netting, DEET repellents) to these midges during their early 
evening feeding hours is also recommended. Similar protective measures are recommended 
for AKAV. In addition, a successful formalin-inactivated AKAV vaccine has been developed 
in Japan using virus-infected hamster lung cell cultures, and a trivalent-inactivated vaccine 
protective against AKAV, Aino virus (AINOV), and Chuzan orbivirus has been successfully 
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trialed in Korea. With knowledge of the distribution and seasonality of AKAV disease 
outbreaks, vaccination of at risk animals prior to pregnancy is feasible. 


PHENUIVIRIDAE, GENUS PHLEBOVIRUS 


Rift Valley Fever and Sandfly Group 


Pathogenesis and Pathology 


Sandfly fever disease is a febrile and occasionally encephalitic illness caused by viruses 
belonging to the Phlebovirus genus, family Phenuiviridae, which are harbored by 
phlebotomine sandflies. The main viruses currently known to cause sandfly fever are sandfly 
fever Sicilian virus (SFSV), sandfly fever Naples virus (SFNV), and Toscana virus (TOSV). 
Outbreaks of human disease have been identified as early as 1900s in the Mediterranean 
region. The only known reservoir of these viruses is the competent adult sandfly. There is no 
direct evidence of a vertebrate reservoir, although antibodies against all sandfly-borne 
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phleboviruses have been detected in a number of animals in the Mediterranean region. In 
vitro experiments have shown that human monocyte-derived dendritic cells and endothelial 


cells can be productively infected by TOSV and secrete proinflammatory cytokines.» 
Increased proinflammatory and anti-inflammatory cytokine levels have been reported in 


cerebrospinal fluid of patients with TOSV encephalitic disease. A specific antibody 
response develops rapidly in human infection and is long-lasting against TOSV. Moderate 
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levels of neutralizing antibodies are maintained for more than a year. 


More is known about the pathogenesis and disease of another phlebovirus, mosquito- 


borne RVFV.’ RVFV infections of livestock are often recognized by the onset of 


“abortion storms” that sweep through livestock-producing areas, with simultaneous acute 
febrile disease in humans. Humans are infected with RVFV either by mosquito bite or 
exposure to infected animals. Most RVFV infections in humans result in mild febrile illness, 
with about 1% to 2% of cases progressing to severe disease. Rift Valley fever (RVF) can 
present with varying degrees of symptoms, ranging from no symptoms or mild influenza-like 
illness to severe disease with hepatitis, retinitis, or encephalitis. Direct human-to-human 


transmission, including nosocomial transmission, has not been observed. 


Data from experimental infections and analogies from other arbovirus infections suggest 


that macrophages and dendritic cells are likely among the first cells infected by RVFV. > 


Subsequently, RVF'V is transported by lymphatic drainage to the regional lymph node, where 
local viral replication takes place. The virus then enters the blood, causing primary viremia 
and spreading to the major organs. The main target organ of RVFV is the liver, and hepatic 
necrosis is prominent in severe cases. Replication in the lymph nodes, spleen, liver, adrenals, 
lungs, and kidneys results in high viremia. Viral load is prognostic of disease outcome: viral 
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loads are 1 to 2 logs higher in patients who succumb to infection than in survivors. 


A small percentage of patients with severe disease develops retinitis and/or encephalitis 1 


to 3 weeks after the onset of illness, and necrotic foci can be observed in the brain. How 
RVFV reaches immune-privileged sites like the eye and brain is not known. One possible 
explanation is that the virus enters the peripheral nervous system and later replicates and 
spreads through either the systemic or neural route into the CNS, resulting in encephalitis. 
Disruption of the blood—brain barrier occurs in the late stages of infection, after the virus has 
been actively replicating inside the CNS.” 

RVFV replication in cells is highly cytopathic, suggesting that most of the cellular 
destruction observed in acute illness is likely due to the virus directly killing host cells. In 
hemorrhagic RVF cases, a complex interaction exists between the virus and both fibrinolytic 
and coagulation pathways, with increased levels of tissue plasminogen and p-dimers 
indicative of ongoing fibrinolysis, and decreased levels of P-selectin, ADAMTS13, and 
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fibrinogen during the acute phase of disease. The RVFV NSs protein is a major virulence 
factor that allows the virus to escape the host innate immune response by down-regulating 


type I IFN response and shutting down host cell transcription. In both animal models and 
human cases of RVF, failure to induce an early type I IFN immune response results in severe 
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disease; in NHP models, survival is improved by administration of IFN-a. Patients who 


succumb to disease often fail to generate RVFV-specific humoral immunity. A strong innate 
immune response, followed by the generation of high-titer neutralizing antibodies, is 
currently considered to be a correlate of protection. The role of T cells during human RVFV 
infection is unclear. In experimental encephalitis in NHPs, survival correlated with higher 


numbers of activated CD4 and CD8 T cells. Additionally, depleting T cells can worsen the 
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development of RVF encephalitis. » However, dysregulation of the immune response may 


contribute to RVFV pathogenesis, and an uncontrolled inflammatory response to RVFV 
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infection correlates with fatal outcome. ° ° 


As indicated above, clinical presentation of RVF varies greatly, likely due to a number of 
factors. The virus dose and route of exposure may contribute to the disease outcome. 


Epidemiological studies have shown that direct exposure to sick animals, which usually 
harbor high viral loads, could lead to severe disease with hemorrhage and encephalitis.” 


Experimental intranasal or aerosol infections lead to enhanced neurovirulence with a rapid 
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replication of the virus in the CNS. > 


Human genetic factors could also influence disease progression. Polymorphisms in 
human genes of the innate immune system have been shown to play a role in disease 


. 159 219 ; i ; . : ; : 

severity. °» Other underlying conditions and coinfections, like HIV infection, have also 
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been associated with disease severity and fatal outcome. 


Susceptibility of livestock to RVFV infection varies considerably depending on a variety 
of factors, including livestock species and age and the strain of the virus. Pathologic features 
of the disease in livestock also differ significantly. Leukopenia is frequently seen during the 
first 3 or 4 days of infection, when fever and viremia are usually highest. Altered serum 


enzyme levels (e.g., aspartate aminotransferase and sorbitol dehydrogenase), indicative of 
hepatocyte destruction, are often seen during the acute phase. Leukocytosis frequently occurs 
in the early phase of recovery. Thrombocytopenia and fibrin thrombi in several organs 
suggest that disseminated intravascular coagulopathy (DIC) may be a feature of severe 
disease in livestock, as seen in hemorrhagic infections in humans. > 

RVFV infection of pregnant animals frequently results in abortion of the fetus, and the 
ability of the virus to cross the placenta to infect the fetus is well documented. Abortions 
early in the course of infection are probably the result of the high fever associated with the 
acute phase of illness; later abortions are more commonly the result of direct infection of the 
fetus, with resulting hepatic necrosis. Until recently, no clear correlation between RVFV 
infection and miscarriage has been noted in human infections. However, a recent cross- 
sectional study in hospitalized pregnant women in Sudan indicated a significant association 
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between RVFV infection and miscarriage. In humans, maternal transmission of RVFV to 
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the fetus has only occasionally been documented.’ This lack of widespread human fetal 
infection is in striking contrast to the classical abortifacient hallmarks of RVF in other 
vertebrate species. 


Epidemiology and Ecology 


Phlebovirus genus 


The geographic distribution of SFSV and SFNV closely follows that of their sandfly host, 


Phlebotomus pappataci. This distribution extends from the Mediterranean basin 
throughout the Middle East and the Arabian Peninsula, north up into areas around the Caucus 
Mountains, and as far east as Pakistan and India. Sandflies are most numerous in the warmer 
months, are found at ground level, and feed in the early evenings. Unfortunately, their small 
size allows them to pass through untreated mosquito netting. 


A related phlebovirus, TOSV, is hosted by Phlebotomus perniciosus and is found in 
central Italy, Cyprus, Portugal, and Spain. Relatively high (20%—25%) antibody prevalence 


rates suggest that human infections with TOSV are widespread and frequent in endemic 
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areas. > In addition, many acute lymphocytic meningitis and meningoencephalitis cases 


occurring in the summer months, particularly in children, are attributable to TOSV 
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infection. » » SFSV, SFNV, TOSV, and related viruses replicate in their sandfly hosts, and 
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transstadial and transovarial transmission of the virus has been demonstrated. Sexual 


transmission of TOSV among sandflies has also been shown. . The relatively low efficiency 
of transovarial transmission demonstrated in experimental infections suggests that vertebrate 
amplifying hosts are required to maintain these viruses in endemic areas. However, although 
antibodies to TOSV are present in many domestic animals, virus isolation has been 
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unsuccessful, suggesting that these animals do not act as reservoirs. Thus, the identity of 
amplifying hosts remains uncertain. Data showing that viremic humans can infect P. 


pappataci, together with attack rates as high as 75% and urban outbreaks of sandfly fever, 


suggest that humans can on occasion serve as the amplifying vertebrate host of these 
337 


viruses. 
The geographic distribution of RVFV covers much of Africa, including Madagascar and 


portions of the Arabian Peninsula, with most livestock epizootics reported in East and 
Southern Africa” (Fig. 17.12). Aedes sp. mosquitoes of the subgenera Aedimorphus 


and Neomelaniconion are likely the principal RVFV vectors and may maintain the virus in 


nature through vertical transmission. | The ecology of RVFV has been best studied in 
Kenya, Zimbabwe, and South Africa. In these regions, dambos or vleis, shallow depressions 
up to several hundred meters across, located near streams and fed by ground water, are 
thought to play a central role in RVFV epizootics. These dambos flood at times of unusually 
heavy rainfall, triggering a population explosion in floodwater Aedes sp. mosquitoes. RVFV 


epizootics have also been linked to periods of unusually high precipitation. 
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FIGURE 17.12 Geographic distribution of Rift Valley fever virus (RVFV). 
Countries in which Rift Valley fever (RVF) outbreaks have been identified are 
shown in red, with the dates of the major outbreaks noted. Yellow shows 
countries with indications of RVFV presence based on livestock serosurveys and 
identification of periodic cases. 


Isolation of RVFV from unfed male and female Aedes mcintoshi mosquitoes hatched in a 
dambo in the endemic area of Kenya during an interepidemic period demonstrates 
maintenance of the virus between epidemics and transovarial transmission of the virus in 
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these mosquitoes. The transmission cycle of the virus is summarized in Figure 17.13. A. 
mcintoshi is thought to be the principal RVFV maintenance vector in Kenya and 


Zimbabwe, and these mosquitoes are among the earliest to hatch from eggs after flooding. 
If the eggs contain virus (passed via transovarial transmission), the hatching mosquitoes are 
infected and pass the virus on to nearby livestock during feeding, potentially initiating a local 
epizootic. Viremic livestock act as amplifying hosts that transmit RVFV to other floodwater 
Aedes sp. mosquitoes and to other species including culicines and anophelines, promoting 
further amplification and spread of the virus. Initiation of such mosquito-virus amplification 
cycles at dambos throughout a livestock-producing area could give rise to regional, relatively 
synchronous eruptions of RVFV activity with associated abortion storms across broad 
geographic areas. Indeed, such eruptions are observed at various intervals in livestock in East 
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and Southern Africa. Although such a scenario is an attractive explanation for the 
dynamics of explosive RVFV epizootics, longitudinal studies of the vector-virus ecology are 
necessary to confirm if these factors are solely responsible for the dramatic nature of RVF 
outbreaks. 
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FIGURE 17.13 RVFV transmission cycle. In the enzootic cycle, primary 
vectors like Aedes species mosquitoes maintain RVFV in endemic areas during 
normal seasonal environmental conditions. The virus is vertically transmitted and 
can remain infectious in mosquito eggs for prolonged periods of time. During 
periods of unusual rainfall, secondary vectors, usually Culex mosquito species, 
are responsible for extended dissemination of the virus, causing broad epizootics. 
Humans become infected either through bites of infected mosquitoes or by 
exposure to tissues of infected animals. No human-to-human transmission of 
RVFV has been reported. Solid lines represent an experimentally established 
transmission route (arrows represent direction). Dashed lines represent potential 
vectoral transmission. 


Hemorrhagic fever cases in humans are usually seen 1 or 2 weeks after the appearance of 
abortions and disease in livestock. While humans are likely infected through bites from 
infected mosquitoes when vector densities are high, contact transmission from infected 
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animals seems to be most important for human infections. » People involved in handling 


births or abortions of livestock and in butchering animals, such as farmers and abattoir 


workers, are at high risk of infection during epizootics. RVFV is also highly infectious by 


aerosolization or mucosal exposure. Aerosolization resulted in many infections of laboratory 
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personnel working with the virus before modern biosafety practices were developed, ° but 


the relative contribution of infectious aerosols or fomites to transmission in natural settings is 
unclear. Although fewer than 2% of human infections result in serious disease, a substantial 
number of severe cases can occur given the large scale of some epizootics. For instance, an 
estimated 27,500 RVFV infections occurred during the 1997-1998 outbreak in the Garissa 


district of Kenya, and approximately 200,000 human cases with 600 deaths were estimated 
to have occurred during the outbreak in Egypt in 1977 and 1978. The 2008 RVFV outbreak 
in Sudan resulted in 698 human cases with 222 deaths, an unusually high CFR of 31.8%. 
Moreover, the economic effects of RVFV epidemics on animal keepers in endemic areas are 
devastating; for example, the 2006-2007 outbreak in Kenya resulted in over 7.6 million US 
dollars in losses from livestock deaths, and the overall monetary loss to the local economy 


was estimated to be up to 32 million US dollars. 


In contrast to the long history of periodic RVFV epizootics in East and Southern Africa, 
the large RVFV outbreaks in Egypt in 1977 and 1978 and in Mauritania and Senegal in 1987 
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were more isolated. Retrospective studies showed that RVFV had not been enzootic in 


Egypt prior to 1977 and its activity disappeared after 1981, only to be reintroduced in 1993. 
These data suggest that although mosquitoes capable of acting as epizootic vectors (e.g., 
Culex sp.) exist in Egypt, mosquitoes capable of transovarial RVFV transmission are 
probably absent. RVFV was most likely introduced into Egypt from enzootic areas in Sudan. 


The first confirmed RVFV outbreak outside Africa was reported in September 2000, in 


the western coastal plains of Saudi Arabia and Yemen. Unusually heavy rains and flooding 
of the foothills of the Asir Mountains appeared to cause increased mosquito populations and 
the explosive outbreak in naive livestock. In Saudi Arabia, 884 hospitalized patients were 
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identified, with 124 deaths. In Yemen, 1,087 cases were estimated, with 121 deaths. The 
virus associated with this outbreak was almost identical to that associated with earlier RVFV 
epidemics in East Africa, consistent with the recent introduction of RVFV into the Arabian 
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Peninsula from East Africa. Outbreaks in Madagascar have also been linked to importation 


of infected animals from East Africa. Additional outbreaks have recently occurred in South 
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Africa, Mauritania, Niger, South Sudan, Kenya, and Uganda. 

Despite its extensive geographic distribution, whole-genome sequencing and 
phylogenetic analyses indicate that RVFV is a highly conserved virus. Among all the RVFV 
stains circulating since 1970s, only 4% to 5% genetic diversity is observed at the nucleotide 
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level. Although accumulated mutations can be observed, especially in the virus surface 
glycoproteins, they do not seem to have resulted in increased RVFV virulence in human 
populations. Genetic reassortment of virus segments among co-circulating RVFV lineages 
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occurs but is difficult to identify. 


Clinical Features 


Human infections with sandfly fever viruses result in an acute febrile illness with rapid onset. 
The incubation period lasts 2 to 6 days and is followed by fever and general malaise, often 


accompanied by headache, vomiting, photophobia, and back and joint pain. > The disease 
is self-limiting, lasting 2 to 4 days before rapid and complete recovery. Leukopenia followed 
by protracted neutropenia is reported. TOSV infection can start as a mild illness but become 
neuroinvasive. In very severe cases, seizures, severe meningoencephalitis, deafness, 
personality changes, and encephalitis, including fatal cases, can be observed (reviewed in 


ref. ). 
Experimental RVFV infection of newborn lambs suggests that the incubation period is 


usually 24 to 36 hours but can be as short as 12 hours. Fever, which is often biphasic, is 
accompanied by listlessness, lack of appetite, abdominal pain, increased respiration rate, and 
lack of movement. Mortality rates of over 90% can be seen in animals younger than 1 or 2 
weeks of age, with animals rarely surviving beyond 24 to 36 hours after the onset of illness. 
Older animals are often less susceptible to RVFV infection, instead presenting peracute or 
inapparent infection. Mostly older animals develop a febrile acute illness similar to the 
disease seen in 1- to 2-week-old animals, but with lower mortality rates ranging from 5% to 
60%. High and prolonged viremias, widespread tissue damage, vasculitis, hepatic necrosis, 
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and acute renal injury are seen in the more severe cases. Abortions in pregnant animals are 
frequently observed, with rates varying from 40% to 100%. 


Human RVFV infections generally result in a self-limiting, influenza-like illness (Fig. 
17.14). However, severe hemorrhagic fever occurs in approximately 2% of cases. In these 
patients, the reduction of the antithrombotic function of endothelial cells likely initiates 
intravascular coagulation. The release of procoagulants into the circulation, together with the 


extensive liver damage (Fig. 17.15) that severely impairs synthesis of coagulation factors 


and removal of circulating activated coagulation factors, appears to be important factors 
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resulting in DIC in hemorrhagic fever cases. >» » The mortality rate in hemorrhagic cases 


is up to 65%. 


Non-specific febrile illness 
4-7 days 


Self limiting flu-like liness 


infection 


BL a 
FIGURE 17.14 An outline of the main clinical manifestations and 
laboratory findings in RVFV human disease. 
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liver sample from a patient reveals extensive focal necrosis. B: Immunostaining 
of RVFV antigen (in red) indicates that the observed necrosis in the liver is 


mainly due to viral infection (arrowheads point to broader affected area). 


In fewer than 0.5% of human RVFV infections, retinitis or encephalitis can be observed 1 
to 4 weeks after recovery from the acute illness. Serious vision problems, blurred or 
decreased vision, or blindness can start developing at the end of either the febrile period or 
period of severe disease. Retinal hemorrhages, optic disc edema, anterior uveitis, and retinal 


vasculitis are common findings. It takes several months after infection for vision to improve, 
and in many cases, it never completely recovers. Encephalitis begins with headache, 
meningismus, and confusion. Often fever reappears, and hallucinations, stupor, coma, and 
death may follow. Focal necrosis, which most likely involves direct cell destruction by 


RVFV, is seen in the brain. Patients may take months to recover from the neurological 
178 262 


sequelae of RVF. 


Diagnosis 
Sandfly fever should be suspected when patients present with a classic “3-day fever” in areas 


; ; te) : ‘ 
where phlebotomine sandflies are numerous. °» Similarly, TOSV infection should be 
suspected in patients who develop acute CNS disease during the summer months in rural or 


semirural areas where phlebotomine sandflies are present.» Diagnostic confirmation using 
acute or early convalescent phase samples is readily achieved by virus isolation via 
intracranial inoculation into suckling mouse or susceptible tissue culture cells or by IgM 
capture ELISA. In human infections, specific antibody response develops rapidly and is long- 
lasting. During the acute phase of the disease, RI-PCR or real-time RI-PCR can also be 
5 5 . , 89 403 

performed in blood or cerebrospinal fluid. ° 

Clinical differential diagnosis of RVF cases can be difficult due to the nonspecific early 
symptoms of disease. Severe cases can be confused with other cocirculating hemorrhagic 
fevers, including Ebola, Crimean-Congo hemorrhagic fever, dengue, and yellow fever, or 
with malaria, cholera, meningitis, and a number of other viral and bacterial diseases. Thus, 
differential clinical diagnosis of RVFV varies depending on the region in question. RVF 
disease should be suspected in RVFV-endemic regions following abnormally high 
precipitation, increased rates of abortions in livestock, and appearance of acute influenza-like 
illness in persons in close contact with potentially infected livestock (e.g., farmers, 
veterinarians, and abattoir workers). Virologic diagnosis is usually simple given the high- 
level viremia present throughout the acute phase of illness and the ease of growing the virus 
by intracranial inoculation into suckling mice or in a wide variety of susceptible tissue 
culture cells. Serologic testing is also straightforward, particularly if paired sera (one taken 
during acute illness and the other 1 or 2 weeks later) are available. IgM and IgG ELISAs 


using inactivated RVFV-infected cell lysates or slurries have proven particularly useful in 
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outbreak investigations. IgM and IgG ELISAs based on recombinant expressed 
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nucleocapsid protein have also been developed. Additionally, a number of sensitive nucleic 


acid-based assays exist, including RT-PCR, real-time quantitative RT-PCR, and a multiplex 


PCR-based macroarray assay. > Furthermore, immunohistology for detecting RVFV 
antigen and in situ hybridization for detecting RVFV genome in formaldehyde-fixed liver 


samples can also be used for establishing a RVF diagnosis. 


Prevention and Control 


The sandfly hosts of SFSV, SFNV, and TOSV have a short flight range and often locomote 
by hopping, making localized use of insecticide sprays particularly effective around 
residences. In addition, the use of repellants and treated bed nets and screens is recommended 
in areas where sandflies are prominent. 


No specific treatment is required for the majority of human cases of RVF, which are mild 
and self-limiting. For severe cases, treatment is currently limited to intensive supportive care, 
including monitoring fluid and electrolyte balance and renal function, blood pressure, and 
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oxygenation. No effective therapeutics against RVFV have been approved for human use. 
In experiments using animal models, the antiviral favipiravir has been shown to protect 
against clinical disease when given within the first 24 hours postinfection, but treatment at 48 
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hours can result in neurologic disease, with the virus escaping to the brain. Similarly, 
ribavirin showed antiviral activity in early in vitro studies and some therapeutic effect in 
animal models, depending on the challenge route, but treated animals ultimately succumbed 
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to late-onset encephalitis. » The combination of the two drugs in in vivo studies has shown 
some efficacy but neither is currently recommended for treating human infections. Studies 
have been initiated to generate strongly neutralizing monoclonal antibodies against RVFV, 


which could potentially be used as part of future therapeutic cocktails.” 


Many human RVF'V infections can be avoided by preventing mosquito bites through the 
use of insect repellents and insecticide-treated bed nets. Currently no vaccines against RVFV 
have been approved for people or for routine veterinary use outside the endemic areas. Based 
on the One Health approach, immunization of livestock remains the most effective way to 
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prevent RVFV epizootics and human disease. » Several vaccines exist for use in livestock. 
Live attenuated viruses based on the mouse neuroadapted Smithburn RVFV strain are used in 


Kenya and South Africa.” Formalin-inactivated wild-type viruses have also been used in 
Egypt and South Africa. The modified live Smithburn vaccine produced in cell culture has 
been shown to be efficacious in sheep but not in cattle, with a single dose inducing lasting 
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immunity in sheep 6 to 7 days after vaccination. However, this vaccine appears to be only 
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partially attenuated, causing abortions or teratology in some pregnant animals. » Formalin- 
inactivated vaccines are safer but are expensive, require multiple doses, and induce only 


short-lived immunity in sheep and cattle.” Other candidate live-attenuated vaccines, such as 
the mutagen-derived MP12 strain; the naturally occurring clone 13, which has a large 
deletion in the NSs gene; and genetically engineered recombinant viruses lacking NSs and/or 
NSm protein, or containing 4 instead of 3 genomic segments, have also been 
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>» > Other immunization approaches include vectored vaccines, DNA 
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vaccines, non-replicating virus-like particles, and subunit vaccines. > » The main 


problems for vaccinating livestock are the long periods between epizootics and their irregular 
appearance, which make convincing livestock owners to vaccinate regularly difficult. Recent 
advances in the use of satellite imagery and surface ocean temperatures to predict regions at 


increased risk of RVFV activity may allow timely vaccination of animals prior to potential 
: _ 16 234 408 
epizootics. > ° 


evaluated. 


In RVFV-endemic regions, humans are probably best protected by vaccination of 
livestock to prevent amplification of virus, thus limiting human exposure and epizootic 
potential. However, RVF outbreaks are often only detected after the diagnosis of human 
cases, due to weak animal disease surveillance in resource-poor regions of Africa. Human 
vaccines are needed for high-risk groups like veterinarians, farmers, and slaughterhouse 
workers, and for general naive populations. RVFV is highly infectious by aerosol, as shown 
by numerous infections of laboratory personnel. To prevent infection, workers at risk of 
exposure should wear protective clothing to avoid contact with potentially infectious 
materials and aerosols. Neutralizing antibody response appears to be strongly associated with 
protection from infection, and since RVFV is highly conserved, a single vaccine should 
effectively protect against all or most RVFV strains. 


SEVERE FEVER WITH THROMBOCYTOPENIA 
SYNDROME VIRUS GROUP 


Severe Fever with Thrombocytopenia Syndrome Virus 


Distribution and Significance 


SFTS is an emerging tick-borne disease caused by SFTS virus (SFTSV), a novel member of 
Phlebovirus genus. The virus was first reported in the Hubei and Henan provinces of China 
in 2009. Since then, the virus has been detected in 23 provinces in China as well as South 


Korea and Japan in 2013 (Fig. Va The clinical symptoms were initially considered 
to resemble those of human anaplasmosis; however, no bacterial DNA was detected in blood 
samples and instead SFTSV was isolated. > Phylogenetic characterization of virus isolates 


revealed that SFTSV is in between from the Sandfly fever group and the Uukuniemi group, 
indicating that SFTSV forms of a third and novel group within the genus Phlebovirus. 
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FIGURE 17.16 Distribution of severe fever with thrombocytopenia virus. 


Epidemiology 


Following the identification of the human cases, SFTSV was detected in ixodid ticks of the 
species Haemaphysalis longicornis that were collected from domestic animals where the 
patients lived. Viral genome analysis revealed that the sequences from ticks were very 
closely related to those of SFTSV isolates from the patients, implicating this tick species as 
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the main vector. » A recent study confirmed vector competence of this species and 


demonstrated its potential as a reservoir. However, SFTSV has been detected in other 
ixodid tick species with typically lower prevalence levels, and it remains to be shown what 
role different tick species play in different geographic regions. SFTSV most likely circulates 
silently tick-vertebrate cycle in nature causing no overt signs of disease in the tick vector and 
the animal hosts, only human show signs of disease. To determine relevant animal hosts, 
studies surveyed SFTSV prevalence in animal hosts in endemic areas. SEFTSV RNA or 


antibodies were found in multiple wild and domestic animals in China, Japan, and Korea 
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including sheep, goats, cattle, pigs, chicken dogs, hedgehogs and rodents. ° ° 


Nevertheless, it still remains to be determined what animal host plays a crucial role in the 


perpetuation of the ticks and virus in nature. As a tick-borne disease, the human 
hospitalizations are linked to the seasonal activity of the tick vector, typically peaking 
between late spring to early fall. The majority of affected patients are farmers living in 
wooded and hilly areas working in the fields, demonstrating that agricultural work is a major 
risk factor. Between 2010 and 2016, the Chinese Disease Prevention and Control Information 
System reported SFTS cases in 23 provinces with 1,000 to 2,500 cases annually and a 
cumulative CFR of 5.3%. The highest numbers of reported cases occurred in Henan (37%), 
Shandong (26.6%), Anhui (14%), and Hubei (12.6%). > The disease occurs mainly in the 
elderly population, and death is most frequent in patients over 50 years of age. In 
addition to the tick-borne transmission, human-to-human transmission has also been 
suggested. 


Clinical Features 


The incubation time has been reported to be 5 to 14 days, and there is some evidence that the 
incubation period after tick bite can be shorter versus human-to-human transmission. 
However, more studies need to be conducted to exclude confounding factors. Patient 


profiling has shown that the clinical progression of the disease occurs in three stages: fever 


stage, MOF stage, and convalescent stage (Fig. ile de Wa ae The fever stage is 


characterized by a sudden onset of fever (>38°C), headache, fatigue, myalgia, as well as 
gastrointestinal symptoms, such as nausea, vomiting, and diarrhea. As the agent’s names 
implies, this stage is also accompanied by marked thrombocytopenia (platelet count of 
<100,000 per cubic millimeter) as well as leukocytopenia and lymphadenopathy and lasts for 
up 5 to 11 days. A high viral load can be detected at this stage. The subsequent MOF stage 
lasts for 7 to 14 days and is defined by progressive worsening organ (liver, heart, lungs, and 
kidneys) functions all the way to failure in fatal cases or a self-limiting process in 


survivors.» In this stage, hemorrhagic presentations (bleeding from mouth mucosa, lungs, 
and gastrointestinal lumen) and/or CNS involvement (lethargy, convulsions, and coma) are 
present. This stage is also characterized by elevated levels of ALT, AST, CK, LDH, and CRP. 
Coagulation disturbances are also observed, which can lead to DIC. The viral load gradually 


falls in survivors but remains high in patients who succumb to the disease.’ The key risk 
factors contributing to a patient’s death have been identified as increased viremia, elevated 
AST, ALT, LDH, CK, and CK-MB levels past the fever stage, and the appearance of CNS 
symptoms, manifestation of hemorrhagic tendency, DIC and MOF. The convalescence stage 
in which surviving patients recover starts on average 13 days after disease onset in which 
clinical and laboratory parameters gradually revert to normal. Although the reported CFR 
ranges from 6% to 30%, a recent meta-analysis of confirmed patient case studies in China 


showed an pooled CFR of 16%. 
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FIGURE 17.17 Clinical findings in SFTSV infection. 


Pathogenesis and Pathology 


Due to its recent discovery, little is known about the pathogenesis; however, certain aspects 
might be extrapolated from related viruses with similar disease presentation such as Crimean- 
Congo hemorrhagic fever. Upon introduction of the virus into the dermis or mucosa, there is 
likely local replication followed by blood- and lymph-borne spread of the virus to the major 
organs. A recent study detected SFTSV in multiple organs with the highest titer in the spleen, 


moderate titers in the kidney, and the lowest titers in lung and heart. Several studies looked 
at serum levels of cytokines (TNF, IL-6, IL-8, IL-10) and chemokines (MCP-1, IP-10, MIP- 


1a, G-CSF) in mild and severe cases in a comparative fashion showing that more severe 


SFTS disease is associated with higher levels of cytokines and chemokines. >> This 


suggests that a host-mediated inflammatory response, through an imbalance in cytokine and 
chemokine production, might result in a severe disease progression. Furthermore, studies 
have shown that decrease in leukocyte populations, specifically T cells and myeloid dendritic 


cells, may be associated with a more severe form of disease. > Although not thoroughly 
characterized, it was shown that SFTS survivors develop low level neutralizing antibodies 
that wane overtime; however, in some patients, they can be detected up to 4 years after 
SFTSV infection. The study of the SFTS pathogenesis has been hampered by the availability 


of a suitable animal model.” A number of laboratory animals including mice, rats, hamsters, 
and nonhuman primates have been evaluated in an attempt to model human disease. 
Immunocompetent animals typically do not show overt signs of disease. In one study, 
investigators showed thrombocytopenia, leukocytopenia, and elevated liver transaminases, 
hallmarks of human SFTS, in immunocompetent strain C57BL/6 mice. Viral RNA and 
histopathological changes were identified in the spleen, liver, and kidney. Consequently, this 


animal model mimics the aspects of a mild form of SFTS in humans. When the same strain 
of mice was treated with mitomycin C in order to suppress the immune response, SFTSV 
challenge was lethal. Similarly, SFTSV challenge in immunocompromised mice (interferon-a 
or a/f receptor deficient mice) or hamsters (signal transducer and activator of transcription 2 
knockout [STAT2 KO]) is typically lethal indicating the importance of the IFN response in 


controlling virus replication. > In IFN receptor deficient mice, high levels of SFTSV 
RNA were found in the brain, liver, kidney, and spleen, and major target tissues of SFTSV 
appear to be reticular cells in lymphoid tissues of lymph nodes and spleen. No specific cell 
receptor has been identified. 


Diagnosis 


The disease presentation is not pathognomonic and can be confused with other diseases. 
Although patient history such as time of the year, contact with ticks, and geographic location 
as well as blood chemistry can give clues. Direct diagnosis of the viral RNA in the patient 


sera can be conducted by conventional RT-PCR or quantitative real-time RT-PCR. > 


Infection with SFTSV can also be diagnosed in sera of patients either by detecting the 
presence of IgM during the acute phase or IgG in convalescent patients. Initially, an IFA was 


developed and was used for laboratory confirmation. Meanwhile, different ELISA kits have 
been developed in the effected countries and validated for sensitivity and specificity. > 


High levels of neutralizing antibodies are generated during convalescence phase, and virus 
neutralizations assays can be used to determine antibody titers and specificity. 


Prevention and Control 


Currently, there is no specific treatment available for SFTSV infection and treatment is 
symptomatic. Ribavirin has been suggested as a treatment; however, limited studies showed 
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inconclusive effects on disease outcome. °  Favipiravir has been suggested as a treatment, 


and its efficacy was demonstrated in STAT2 KO hamsters. A clinical trial testing the 
efficacy of favipiravir is currently ongoing in Japan. No internationally or locally approved 
vaccines are available. Nevertheless, there has been an increasing number of preclinical 
studies have been conducted. Limiting tick exposure through individual protective measures 
such as tick repellents or protective clothing or avoidance of where ticks are common are 
recommended. 


Heartland Virus 


Distribution and Significance 


In 2009, two farmers in Missouri were independently hospitalized with fever, 
thrombocytopenia, and leukopenia. Both patients were bitten by ticks approximately 5 to 7 
days prior to onset of signs of illness. Collected blood samples were negative for Ehrlichia 
chaffeensis and electron microscopy and next-generation sequencing revealed that the virus 


was a new members of the bunyavirales, HRTV. Genome sequences from both patients 
were similar, indicating that both patients were infected independently with the same virus. 
Further, phylogenetic analysis identified that the HRTV is closely related to the recently 


identified tick-borne phlebovirus SFTSV in China. 


Epidemiology 

The phylogenic proximity to SFTSV as well as the patient description of tick bite suggested a 
tick-borne transmission route. Pools of Amblyomma americanum ticks collected on a farm 
owned by the original case were positive for HRTV. Since then, HRTV has been detected 
in A. americanum ticks in other locations in Missouri. Additionally, the virus has been 
detected in A. americium ticks over multiple years in the same location indicating that HRTV 
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can persist in ticks. As with other tick-borne diseases, human disease occurrence overlaps 
with the seasonal activity of the ticks, which is typically between late spring and early fall 


with the peak in June. Serosurveys of domestic and wild animals near the sites of where 
HRTV-positive ticks were found neutralizing antibodies in white-tail deer, horses, raccoons, 
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opossums, and dogs. Experimental infections of white-tail deer, raccoons, chicken, rabbits, 
and hamsters demonstrated that they seroconvert to the virus, yet, develop no viremia or 
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signs of disease and are therefore not likely a reservoir for HRTV in nature. > As of 
September 2018, over 40 cases have been reported from states in the Midwestern and 


southern United States... The median age of identified patient is 66 years. The disease 
distribution overlaps closely with the distribution of A. americanum ticks, although some 
states in which A. americanum can be found have not reported the disease. Further studies 
need to be performed to determine the vector capacity of A. americanum and competence of 
other tick species and potential animal hosts of HRTV with high enough viremia levels to 
transmit the virus back to ticks. 


Clinical Features 
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Since the initial two cases, eight additional cases have been reported. » ° All cases hada 


sudden onset of fever and the majority of cases presented with fever, fatigue, diarrhea, 
headache, myalgia, nausea, elevated hepatic aminotransferase levels, marked 
thrombocytopenia, and leukopenia. In some cases, neurological symptoms such as confusion 
were also reported. Three of the 10 cases, all male greater than 60 years, were fatal due to 
MOF. However, two of those three had preexisting comorbidities. 


Pathogenesis and Pathology 


Due to the limited number of cases and experimental studies, very little is known about the 
pathogenesis of HRTV and can only be extrapolated from closely related viruses. High levels 


of IgG antibodies were detected in serum of the initial two patients even up to 2 years. A 
recent pathology case report from a fatal case detected HRTV antigen in the brain (thalamus), 
liver (Kupffer cells), pancreas, heart, lung, large bowel, small bowel, kidney, testes, bone 
marrow, lymph nodes, spleen, and muscle by immunohistochemistry. Evidence of 
lymphocytic myocarditis with viral antigens was present. In the liver, focal hepatocellular 
necrosis and Kupffer cell hyperplasia was detected. The kidneys demonstrated hemorrhage, 
interstitial inflammation, scattered glomerulosclerosis, and acute tubular necrosis with viral 


antigens present within scattered glomeruli. Another limiting factor in understanding the 
HRTV pathogenesis is the lack of an immune competent animal model to study the disease 
seen in humans. Animal studies demonstrated that immunocompetent mice are not 
susceptible after peripheral or even intracranial or Cynomolgus macaques after peripheral 


HRTV inoculation.» A study showed that interferon-a/B/y receptor-deficient mice are 
susceptible to HRTV and indicated the importance of the IFN response in controlling virus 
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replication. 


Diagnostics 


RT-PCR and serological assays for the detection of viral RNA and antibodies have been 


developed. Monoclonal antibodies developed against the nucleoprotein of HRTV are also 
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available. » ° 


Prevention and Control 


No specific treatment or vaccines are currently available. The treatment remains 
symptomatic. 


PERSPECTIVES 


The degree of understanding of the various bunyaviruses and their ability to cause disease in 
humans varies greatly, depending on the severity of the resulting clinical illness and the 
impact of each virus to public health. Because of the high level of containment required to 
work with human pathogens and the stringent restrictions on sharing viruses and clinical 
specimens, studies of pathogenesis and the development of animal models remain limited. 
However, progress has been made in many areas, particularly virus detection using next- 
generation sequencing, outbreak investigations, and development of a number of 
experimental therapeutics and vaccines. Still, the extensive number of bunyaviruses 
pathogenic to humans presents multiple future research needs. To highlight just a few: (a) 
obtaining a better understanding of how bunyaviruses persist in either their arthropod or 
rodent hosts; (b) sequencing the viruses for analyzing phylogenetics, improving diagnostics, 
and studying virus evolution (e.g., adaptations resulting in increased virulence or the ability 
to spill over into new host species); (c) studying pathogenesis, especially in severe human 
disease; (d) determining how some viruses initially cause a self-limiting disease but 
eventually reach the brain to lead to severe neurologic disease; (e) characterizing the immune 
responses responsible for viral restriction and clearance, and determining whether these 
responses are regulated and protective or dysregulated and damaging to the host; and (f) 
identifying broad-spectrum antivirals or immunotherapeutics, and developing vaccines for 
higher incidence and morbidity-associated infections. 
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HISTORY 


The first arenavirus, lymphocytic choriomeningitis virus (LCMV), was isolated over 80 years 
ago from samples from a St. Louis encephalitis epidemic.*°°? LCMV was found to be a cause 
of an aseptic meningitis in humans,*>* and the house mouse (Mus musculus Linnaeus, 1758) 
was identified as the virus's natural reservoir host.*8! By the 1960s, several other viruses had 
been discovered that shared common morphology,**° serology,**° biochemical features, and a 
natural history of chronic infection of rodent reservoirs, leading to the recognition of the 
family Arenaviridae, named after the granular or sandy (Latin, arenosus) appearance of thin 
sections of virions examined by electron microscopy (EM).*°° In 1956, Tacaribe virus 
(TCRV) was isolated from phyllostomid Jamaican fruit-eating bats (Artibeus jamaicensis 
trinitatis K. Andersen, 1906) in Trinidad and Tobago, but the virus was not associated with 
virulence in humans.’? The discoveries of Junin virus (JUNV) in the late 1950s as the 
causative agent of Argentinian hemorrhagic fever (AHF),?” of Machupo virus (MACV) in 
1962 as the etiologic agent of Bolivian hemorrhagic fever (BHF),'%° and of Lassa virus 
(LASV) in 1969 from Lassa fever (LF) patients in Nigeria!*? underscored the pathogenic 
potential of arenavirus infections of humans (Table 18.1). In the following years, additional 
pathogenic arenaviruses have been discovered, including Guanarito virus (GTOV),°“° Sabia 
virus (SBAV),°? and Chapare virus (CHAPV) in South America,°° and Lujo virus (LUJV) in 
Africa.*’ As a result of new technologies of deep-sequencing and genome discovery, many 
new arenaviruses were uncovered in the last decade in mammals. Notably, arenaviruses were 
also discovered in reptiles (snakes) and fish, representing a significant expansion of the host 
range of arenaviruses. !©°.359.366 


TABLE 18.1 Arenaviruses that are known to be human pathogens 


Lymphocytic LCMV House mouse (Mus musculus Worldwide Lymphocytic choriomeningitis (1C8F) 
choriomeningitis virus Linnaeus, 1758) 


Lassa virus LASV Natal mastomys (Mastomys Western Africa _ Lassa fever (1D61.2) 
natalensis Smith, 1834) 
Lujo virus LUJV Unknown Zambia Other specified arenavirus disease 
(1D61.Y) 
Junin virus JUNV Drylands laucha (Calomys Argentina Argentinian hemorrhagic fever (1D61.0) 


musculinus Thomas, 1913) 


Machupo virus MACV Big laucha (Calomys callosus Bolivia Bolivian hemorrhagic fever (1D61.1) 
Rengger, 1830) 


Guanarito virus GTOV Short-tailed zygodont Venezuela Venezuelan hemorrhagic fever (1D61.3) 
(Zygodontomys brevicauda J. A. 
Allen and Chapman, 1893) 


Sabia virus SBAV Unknown Brazil Other specified arenavirus disease 
(1D61.Y) 

Chapare virus CHAPV Unknown Bolivia Other specified arenavirus disease 
(1D61.Y) 


“According to the World Health Organization's International Classification of Diseases revision 11 (ICD-11). 


CLASSIFICATION OF VIRUSES WITHIN THE 
FAMILY ARE NAVIRIDAE 


Based on phylogenetic analyses of RNA-directed RNA polymerase (L) and nucleoprotein 
(NP) sequences, members of the family Arenaviridae are classified into four genera: 
Antennavirus, Hartmanivirus, Mammarenavirus, and Reptarenavirus (Fig. 18.1). The genus 
Mammarenavirus includes 35 species for 42 viruses. The genus Reptarenavirus currently 
includes five species for eight viruses; the genus Hartmanivirus includes one species for one 
virus (Haartman Institute snake virus 1); and the genus Antennavirus currently includes two 
species for two viruses. The hosts of mammarenaviruses are mainly rodents (with the 
exception of TCRV), and infection is generally asymptomatic. Some mammarenaviruses, 
such as LASV, LCMV, and several viruses of South American origin, can also infect humans 
and cause severe and sometimes fatal disease. Reptarenaviruses and hartmaniviruses infect 
(captive) snakes, some of which develop boid inclusion body disease (BIBD). 
Reptarenaviruses are notable for their surface glycoproteins (GPs), which are more closely 
related to that of Ebola virus than to those of hartmaniviruses or mammarenaviruses. 
Hartmaniviruses do not encode the matrix (Z) protein, which is encoded by all known 
mammarenaviruses and reptarenaviruses. Antennaviruses were discovered in actinopterygian 
fish and have genomes consisting of three, rather than two, segments. Like hartmaniviruses, 


antennaviruses do not encode Z.°°2 
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FIGURE 18.1 Phylogenetic relationships of arenaviruses. Maximum likelihood 
phylogenetic tree was inferred from probabilistic alignment kit (PRANK) 
alignment of the complete L amino acid sequences of 43 arenaviruses (red dots) 
assigned to four genera. Representative viruses of other bunyavirus families were 
also included (dots in colors other than red). The best-fit model of protein 
evolution (LG + G model) was selected using ProtTest 3 (v. 3.4.2). The 
maximum likelihood tree with 1,000 bootstrap replicates was produced using 
Randomized Axelerated Maximum Likelihood RAxML (v. 8). The percentage of 
replicate trees in which the associated taxa clustered together in the bootstrap is 
shown next to branch nodes (when >70%). The tree was visualized using Fig Tree 
(http://tree.bio.ed.ac.uk) and is rooted at the midpoint. (Courtesy of Manuela 
Sironi, Scientific Institute IRCCS E. MEDEA, BosisioParini (LC), Italy.) 


Based on antigenic properties, mammarenaviruses have been divided traditionally into two 
distinct groups. Old World (OW) mammarenaviruses (“Lassa—lymphocytic choriomeningitis 


serocomplex”) include viruses indigenous to Africa and the ubiquitous LCMV, whereas New 
World (NW) mammarenaviruses (“Tacaribe serocomplex”) include viruses indigenous to the 
Americas.4”!°°148 This classification is largely consistent with phylogenetic data and muroid 
rodent host phylogeny, with OW mammarenaviruses infecting murid rodents primarily in 
Africa and NW mammarenaviruses infecting cricetid rodents primarily in the Americas. This 
clear-cut dichotomy is under assessment, however, since yet unclassified mammarenaviruses 
have been discovered in northern three-toed jerboas (Dipodoidea: Dipodidae, Dipus sagitta 
Pallas, 1773) in Mongolia.2#9321,408 


VIRION STRUCTURE 


Arenavirions are pleomorphic, ranging in size from 40 to more than 200 nm in diameter 
(Fig. 18.2). The virion's surface is studded with evenly spaced spike projections composed of 
complexes of the viral glycoproteins GP1 and GP2. The surface glycoproteins are aligned 
with subjacent Z and ribonucleoprotein (RNP) densities, which are packed into a two- 
dimensional lattice at the inner surface of the viral membrane.!®”°° Virions contain the L 
and S genomic RNAs in helical nucleocapsid structures that are organized in circular 
configurations, with lengths ranging from 400 to 1,300 nm.*!” The L and S genomic RNAs 
are not present in equimolar amounts within virions (L:S ratios ~1:2), and low numbers of 
both L and S antigenomic RNAs are also present within virions. In addition, host ribosomes 


are documented to be incorporated into virions, but the biological significance of this 
43,284 


58,187 


incorporation remains uncertain. 


FIGURE 18.2 Arenavirion structure. A: Schematic illustration of an arenavirus 
particle. Shown is the spherical and enveloped (gray) particle that is spiked with 
GPs (glycoproteins; gold) around a layer of Zs (zinc-finger matrix proteins, 
brown; missing in hartmaniviruses). The small (S) and large (L) 
ribonucleoprotein (RNP) complexes inside the particle consist of genomic RNA, 
nucleoprotein (NP, blue) and RNA-directed RNA polymerase (L; green). 
(Courtesy of Fabian de Kok-Mercado and Jiro Wada, IRF-Frederick, Fort 
Detrick, MD, USA.) B:Top panel: LCMV strain Armstrong release from Vero 
cells in culture. Particles are visible at several stages of budding and release. 
Magnification 25,000 times. Lower panel: LCMV Armstrong strain, purified and 
prepared for cryoelectron microscopy. Nominally spherical virions of variable 
diameter are evident with surface “spikes” that are the glycoprotein complexes 
(black arrowheads). Original magnification ~ 35,000 times. 


GENOME STRUCTURE AND ORGANIZATION 


Arenavirus Genomic Organization 


Arenaviruses produce enveloped particles with bisegmented (genera Hartmanivirus, 
Mammarenavirus, and Reptarenavirus) or trisegmented (genus Antennavirus) negative-sense 
(NS), single-stranded RNA genomes. The overall genome organization is well conserved 
across Mammarenaviruses and reptarenaviruses. An ambisense coding strategy is used for the 
synthesis of two nonoverlapping polypeptides from each of the two genomic RNAs (Fig. 
18.3). The term “ambisense” was coined to reflect that both genomic and antigenomic RNAs 
encode for proteins. This ambisense coding strategy might facilitate temporal control of gene 
expression of the two genes within an ambisense RNA genome segment. The open reading 
frames of these viruses are also separated by a noncoding intergenic region (IGR) with 
folding predicted to form a stable hairpin structure. The S RNA encodes the viral NP and 
glycoprotein precursor (GPC). The L RNA encodes the viral RdRp (or L polymerase) and 
Z,.301,371,382 However, the genomic S and L RNAs do not function as mRNAs and cannot 
direct translation of GPC and Z, respectively. Unlike other arenaviruses, antennaviruses have 
a trisegmented (L, M, and S) genome with the M segment coding GPC and an additional 
hypothetical protein of unknown function. Furthermore, the L segment of hartmaniviruses 
and antennaviruses lacks the Z open reading frame. 
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FIGURE 18.3 Arenavirus genome organization. A: Schematic representation of 
the bi- or trisegmented arenavirus genome organization. The 5’ and 3’ ends of all 


segments (S, [M], and L) are complementary at their termini, likely promoting 
the formation of circular ribonucleoprotein complexes within the virion (not 
shown). GPC, glycoprotein precursor; L, RNA-directed RNA polymerase; NP, 
nucleoprotein; Z, zinc-finger matrix protein. Open reading frames are separated 
by noncoding intergenic regions (IGRs), with predicted hairpin structures. B: 
RNA replication and gene transcription of the S segment. The NP gene is 
transcribed and translated first directly from the negative-sense viral genome. 
GPC is expressed later, after the S segment has undergone at least one round of 
replication, from the viral antigenome. A similar strategy is used for transcription 
and replication of the L segment. There are no direct experimental data 
examining these steps for antennaviruses and hartmaniviruses. (Courtesy of 
Fabian de Kok-Mercado and Jiro Wada, IRF-Frederick, Fort Detrick, MD, USA.) 


Arenaviruses have highly conserved sequences at the 3’ end of the L and S RNA genome 
segments, and genome and antigenome RNAs are highly complementary between their 5’ 
and 3' termini. This complementarity predicts that both L and S genome segments form 
panhandle structures.*° This prediction is supported by EM data showing the existence of 
circular RNP complexes within arenavirions.*!’ This terminal complementarity has been 
proposed to favor the formation of both intra- and intermolecular L and S duplexes that might 
be part of the replication initiation complex.*“° For several arenaviruses, a nontemplated G 
residue has been detected at the 5’ end of progeny genomic RNAs during replication.1°°!°7 


Arenavirus IGRs are predicted to fold into a stable hairpin structure. Transcription 
termination of the S-derived NP and GP mRNAs occurs at multiple sites within the predicted 
stem of the IGR, supporting the view that a structural motif rather than a sequence-specific 
signal promotes the release of the arenavirus polymerase from the template RNA. There are 
significant differences in sequence and predicted folded structure between the S and L IGRs, 
but among isolates and strains of the same arenavirus, the S and L IGR sequences are highly 
conserved. Some arenaviruses contain one single predicted stem loop within the S IGR, 
whereas the S IGRs of other arenaviruses are predicted to contain two distinct stem—loop 


structures.*° 


Arenavirus Proteins 


GPC is a class I fusion protein that is cotranslationally cleaved by cellular signal peptidases 
to generate a 58—amino acid-long stable signal peptide (SSP) and the immature GP1/2 
precursor. The immature GP1/2 precursor is then posttranslationally processed by the cellular 
protease subtilisin kexin isozyme-1 (SKI-1)/site-1 protease (S1P) to generate the mature 
virion surface glycoproteins GP1 and GP2. GP1, GP2, and SSP form a tripartite 
heterotrimeric GP complex that mediates virion receptor recognition and cell entry.*+°!° The 


SSP has been implicated in the trafficking and processing of the viral envelope glycoproteins 
and in the GP2-mediated pH-dependent fusion process.7?°%+!7, 413, 414. 415 Gp1 mediates 
virion interaction with host cell-surface receptors. GP1 is located at the top of the spike away 
from the membrane and held in place by ionic interactions with the N-terminus of 
transmembrane GP2.*°49:319.322 Gp2 directs fusion of virus and host cell membranes, a 
process that depends on low pH-driven conformational change of GP2 from a metastable 
prefusion structure to a more stable postfusion six-helix bundle.'°!/479° Gp2 has 
similarities with fusion-active domains of other viral envelope proteins.!°**!! Crystal 
structures of the prefusion GP complex of LASV and LCMV!»»-»? revealed that compared to 
other class I viral glycoproteins, LASV GP has some unique structural features with 
implications for vaccine design.!°® 

NP is the most abundant viral polypeptide in both infected cells and virions and the main 
structural component of the viral RNP responsible for directing RNA genome replication and 
gene transcription. The C-terminus of NP also counteracts type I interferon (IFN-I).7°°, °°1, 
+52 Crystallographic studies identified distinct N- and C-terminal domains within NP of the 
OW arenaviruses LASV*)1°%3!7 and LCMV,*? and similar findings were subsequently 
documented for the NW arenaviruses JUNV“* and TCRV.!8° The N-terminal domain 
contains an RNA-binding site!*’ and was proposed to have potential cap-binding activity that 
could provide the host-derived primers to initiate transcription by the virus polymerase.?!” 
However, the cap-binding activity of NP remains to be proven. The folding of the C-terminal 
domain of NP mimics that of the DEDDH family of 3’ to 5’ exoribonucleases similar to the 
one described for the nonstructural protein 14 of severe acute respiratory syndrome (SARS) 
coronavirus.”° Functional studies confirmed the 3’ to 5’ exoribonuclease (exo) activity of 
LASV NP. The exo activity of NP was proposed to be critical for its anti-IFN activity. 
However, subsequent studies demonstrated that the exo activity of NP plays critical roles in 
additional aspects of mammarenavirus multiplication that are yet to be elucidated.!7~°? 


Arenavirus L has a central region of conserved motifs characteristically found in the 
RdRp domains of negative-sense RNA viruses.*!° However, the N- and C-terminal regions 
do not allow easy identification of RNA helicase or methyltransferase (RNA capping) 
functions.°°” Residues critical for LASV L function are located both within and outside the 
predicted RdRp domain.!°**!%.27! Mutagenesis of evolutionarily conserved acidic (Asp and 
Glu) and basic (Lys and Arg) residues within LASV L's C-terminus revealed residues that 
play a critical role in mRNA synthesis without significantly affecting RNA replication.?*! 
Bioinformatic analysis revealed that the N-terminus of LASV L has a distant similarity to 
type II endonucleases.**! Crystal structures of the N-terminal region of LCMV2°? and LASV 
L uncovered an endonuclease domain of similar structure to the cap-snatching endonuclease 
domains of influenza A virus polymerase acidic (PA) and La Crosse virus L. LASV L is 
organized into three distinct structural domains. At specific amino acid positions, LASV L 
can be split into N- and C-regions that are able to functionally trans-complement each 
other.** In addition, EM characterization of a functional MACV L has revealed a core ring- 


domain decorated by appendages, which likely reflects a modular organization of the 
arenavirus polymerase.2°7209 


Mammarenavirus Zs are modestly conserved (below 20%); this similarity is even lower 
when Z sequences of the recently identified reptarenaviruses are included in alignments. 
However, three regions within Z have a higher degree of conservation: (a) an N-terminal 
myristoylation site marked by a highly conserved G motif that is critical for membrane 
anchoring*°*-?”* and interaction with other viral proteins,°°>! (b) a RING domain that binds 
two zinc ions through three conserved motifs,?! and (c) a C-terminal region containing 
proline-rich motifs that constitute, in most cases, functional late-budding motifs. These 
motifs are similar to those identified in the matrix proteins of many enveloped RNA viruses 
and in the group antigen (Gag) proteins of a number of retroviruses. Late-budding motifs 
mediate protein-protein interactions between viral proteins and components of the 
endosomal sorting complexes required for transport (ESCRT) within the vacuolar protein 
sorting (Vps) pathway.!*® Mammarenavirus Zs contain P[T/S]AP- and/or PPPY late-budding 
motifs in their C-terminal regions, whereas reptarenavirus Zs lack typical canonical motifs. 
In addition, mammarenavirus Zs contain a highly conserved YxxL motif located within the 
central RING domain. This motif is not present in reptarenaviruses. 


The structure of LASV Z was solved in complex with eukaryotic translation initiation 
factor 4E (eIF4E) by nuclear magnetic resonance.*?* The N- (residues 1-29) and the C- 
terminal (residues 77-99) arms flanking the RING domain are disordered, and only the 
central RING domain is structured. The disordered regions may enable Z to recruit a variety 
of partners, including promyelocytic leukemia protein (PML), eIF4E, proline-rich 
homeodomain (PRH) protein, ribosomal P proteins, retinoic acid—inducible gene I protein 
(RIG-I), and caspases. The interactions of Z with PML protein and eIF4E have been 
proposed to contribute to the noncytolytic nature of LCMV infection and repression of cap- 
dependent translation, respectively.°°79" 


Under crystallographic conditions, Z assembles in a dodecameric manner through a head- 
to-tail dimerization of the RING domain.!° This assembly involves conformational changes 
thought to be required for a stable oligomerization, leading to the viral matrix formation. The 
N- and C-terminal disordered regions do not appear to contribute to the assembly of the 
oligomeric Z structure, which is consistent with the N-terminus anchoring Z to the membrane 
and the C-terminus mediating Z's interaction with endosomal components required for 
moving the maturing virion toward the cell surface. These findings are consistent with Z 
playing a key role in virion assembly, which is further supported by EM studies indicating 
that Z bridges the viral RNP to the viral envelope. Z has been also involved in suppression of 
the host cell type I IFN response via its interaction with RIG-I-like receptors./0%4!0 


STAGES OF REPLICATION 


Knowledge about the molecular and cell biology of reptarenaviruses, hartmaniviruses, and 


antennaviruses is rather limited, and therefore the presentation of the arenavirus life cycle is 
based on information obtained from studies with mammarenaviruses. However, many of the 
basic principles established for mammarenaviruses will likely also apply for members of the 
other genera. 


Cell Attachment and Entry 


Receptor-mediated endocytosis is the main cell entry pathway used by mammarenaviruses 
(Fig. 18.4). The acidic environment of the late endosome facilitates a pH-dependent 
conformational change in the GP complex that induces a GP2-mediated fusion step between 
viral and cell membranes. Following fusion, the viral RNP is released into the cytoplasm 
where it directs both replication and transcription of the viral genome.!°° @-Dystroglycan 
(aDG), a highly conserved and widely expressed cell-surface receptor for extracellular matrix 
proteins, is a main receptor for LCMV, LASV, and several other mammarenaviruses.**!" In 
mammals, aDG undergoes complex O-glycosylation posttranslational modifications, 
including the incorporation of a negatively charged sugar polymer called “matriglycan” as a 
result of the activities of the like-acetylglucosaminyltransferase (LARGE).*!© LARGE- 
dependent glycosylation is critical for aDG's function as a mammarenavirus receptor.*°° 
Intriguingly, specific LARGE alleles are positively selected among the Yoruba of Western 
Africa where LASV is endemic.**! Pathogenic and nonpathogenic mammarenaviruses use 
aDG-mediated cell entry, indicating that aDG does not play a direct role in mammarenavirus 
pathogenesis. 
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FIGURE 18.4 Mammarenavirus life cycle. Mammarenaviruses enter cells via 
receptor-mediated endocytosis (RME). Many Old World mammarenaviruses use 
a-dystroglycan (aDG) as the main receptor. Neuropilin (NRP)-2 is the cell- 
surface receptor used by the disease-causing Old World mammarenavirus LUJV. 
Clade B New World arenaviruses use transferrin receptor 1 (TfR1) as cellular 
receptor. The acidic environment of the endosome triggers a pH-dependent 
membrane fusion step that results in the release of the viral RNP into the cell 
cytoplasm where viral RNA genome replication and gene transcription take 
place. For some arenaviruses, completion of the entry process involves a late 
endosomal receptor switch mechanism. The late endosomal resident proteins 
LAMP! and CD36 are required for LASV and LUJV cell entry, respectively. 


Transcription by the viral polymerase complex is initiated at promoters on each 
3’ end of the RNA segments, transcribing mRNA encoding NP and L (not 
shown). Transcription is terminated by structural motifs within the IGR. The 
virus polymerase complex switches from a transcriptase to a replicase mode and 
moves across the IGR, generating full-length antigenome (ag) RNAs that serve 
as templates for the synthesis of the GPC and Z mRNAs. The complete viral 
genome is also amplified from the agRNA templates. Arenavirus infection 
induces discrete cytosolic structures for RNA replication. Production of 
infectious progeny requires that assembled viral RNPs associate at the cell 
surface with membranes that are enriched in mature viral GP. It is also dependent 
on the host lectin ERGIC-53, which associates with viral GP and is incorporated 
into virions. Z plays critical roles in virion assembly and budding. Incorporation 
of arenavirus GPs into virion particles depends on the interaction of GP with Z. 
Canonical late-budding motifs found in most mammarenavirus Zs _ recruit 
components of ESCRT to promote virion budding. 


aDG-mediated LASV entry into human epithelial cells and rapid virus internalization involve 
macropinocytosis./’®~9! Internalization is independent of dynamin, is dependent on sodium— 
hydrogen exchangers, and requires the dynamics of the actin cytoskeleton. LASV and LCMV 
pass through the multivesicular endosome, where the virion—receptor complex undergoes 
sorting by ESCRT, delivering the viruses to late endosomes.*?’ LCMV and LASV GPs have 
a high binding affinity for aDG, and therefore the unusual endocytotic pathway used by these 
viruses may reflect the natural cellular trafficking of aDG. Alternatively, binding of GP to 
aDG could trigger a novel endocytic route for aDG that benefits virion cell entry as 
previously documented for other pathogens.** 


The cellular tropism of LASV and LCMV does not always correlate with the presence of 
fully glycosylated aDG,!'°°92 which may be explained by the cellular expression of 
secondary alternative receptors, including members of the Tyro3/Axl/Mer and T-cell 
immunoglobulin (TIM) and mucin receptor families. These receptors can facilitate cell entry 
by apoptotic mimicry via recognition of phosphatidylserine in the outer leaflet of the virion 
envelope.°?:!!176 In addition, C-type lectins have been also implicated in LASV cell entry 
into specific cell types such as dendritic cells (DCs).!4°362.36! 


Human transferrin receptor 1 (TfR1) is the main cellular receptor used for cell entry of 
pathogenic NW mammarenaviruses such as JUNV and MACV.*!*°23 Consistent with the use 
of TfR1 as a primary receptor for cell entry, JUNV enters cells through clathrin-mediated 
endocytosis.*!9 Although TfR1 is internalized and recycled through early endosomes (pH * 
6), optimal fusion activity of JUNV GP requires a significantly lower (<5.5) pH. Perhaps, 
JUNV may redirect TfR1 from its normal recycling pathway into the late endosomes, a 


process likely influenced by the multivalent nature of the virus particle. 


Cell entry of the OW HF mammarenavirus, LUJV, was found to be independent of aDG 
and TfR1°”* and mediated by neuropilin (NRP)-2, a cell-surface receptor for semaphorins 
and the tetraspanin protein CD63.°!° Interestingly, NRP-2 is highly expressed on 
microvascular endothelial cells, and the consequent high susceptibility of the 
microvasculature to LUJV may explain the extent of coagulopathy observed in LUJV- 
induced clinical disease.*°° Likewise, expression of NRP-2 on alveolar macrophages may 
facilitate aerosol transmission of LUJV.7°° 


Completion of the cell entry process for some mammarenaviruses involves a late 


endosomal receptor switch mechanism. For LASV®°?®8!79.180 and LUJV,°!® the late 
endosomal resident proteins LAMP1 and CD36, respectively, are required for cell entry. 


Expression and Replication of the Viral Genome 


NP and L coding regions are transcribed into a genomic complementary mRNA (Fig. 18.4). 
However, the GPC and Z coding regions are not translated directly from genomic RNA but 
rather from genomic sense mRNAs. These genomic sense mRNAs are transcribed from 
templates of the corresponding antigenome RNA, which also function as replicative 
intermediates (Fig. 18.3). 


Activation of L's RNA synthesis activity is mediated by (i) structured (double-stranded) 
5’ viral RNAs corresponding to the termini of genomic and antigenomic RNAs of both S and 
L in conjunction with a specific promoter and (ii) the nontemplated G at the 5’-end of the 
viral genome. Dinucleotide primers also enhance RNA synthesis by MACY, but not LASV, 
L, illustrating that polymerase complexes from different mammarenaviruses may have some 


unique features.207316.393 


Transcription initiation is performed through a unique mechanism shared by all 
polyploviricotine viruses called capsnatching. Short fragments of 5’-capped primers 
composed of four to five nucleotides are “stolen” by the virus polymerase complex from 
host-cell mRNAs to prime the synthesis of viral mRNAs. This process is thought to be 
initiated by cleavage of cytoplasmic cellular mRNAs by the endonuclease activity associated 
with the N-terminus of L that generates 5’-capped primers.**!%2729° However, the 
endonuclease activity of any arenavirus L has yet to be experimentally validated. 
Transcription of NP mRNA was detected in TCRV-infected cells at early times of infection 
and in the presence of inhibitors of protein synthesis, suggesting that, unlike closely related 
bunyaviruses, but similarly to orthomyxoviruses, rhabdoviruses, and paramyxoviruses, 
primary transcription directed by the incoming TCRV RNP can proceed in the absence of 
translation.!*’ The 5’ ends of arenavirus genome and antigenome RNAs each contain a 
nontemplated G residue that has been proposed to reflect a prime-and-realign mechanism for 
RNA replication mediated by L.'°°!°73*4 Recent studies provided biochemical evidence for 
initiation of arenavirus replication through this mechanism.*9? This prime-and-realign 
mechanism assumes that arenavirus polymerases initiate, like many other viral RdRps, RNA 


synthesis de novo only with GTP. Accordingly, arenavirus RNA initiation would take place 
from an internal templated cytidylate. Once the first phosphodiester bond has been formed, 
the pppGpCo,,, an uncapped primer, will slip backward on the template and realign, creating 
a nascent chain whose 5’ end is at position 1 with respect to the template, before the 
polymerase resumes downstream synthesis. To maintain a constant length of the genome 
RNA despite addition of a nontemplated nucleotide at the 5’ end, the polymerase terminates 
RNA synthesis by removing the last base at the 5’ end of the nascent chain. Arenavirus 
genome, and antigenome, sequence terminal complementarity combined with the prime-and- 
realign mechanism for replication initiation generates double-stranded RNAs _ with 
overhanging 5'-ppp nucleotides. These structures can escape RIG-I recognition**’ and act as 
RIG-I decoys,*° thereby diminishing RIG-I—mediated interferon induction. '“° 


Transcription termination occurs within the distal side of the IGR and generates 
nonpolyadenylated viral mRNAs.*°’ The IGR acts as a bona fide transcription termination 
signal for the virus polymerase.°°° Virus replication proceeds in two steps: first the de novo 
(primer-independent) synthesis of an intermediate RNA with positive polarity (CRNA) and 
second, using this CRNA as template, the synthesis of progeny genomic vRNA with negative 
polarity. 


Using cell-based minigenome (MG) assays for LCMV, LASV,!°* JUNV,? TCRV,*7° and 
Pichindé virus (PICHV),*!* NP and L have been identified as the minimal viral trans-acting 
factors required for efficient RNA synthesis mediated by the virus polymerase. In the case of 
LCMV, both genetic and biochemical evidence indicate that oligomerization of L is required 
for polymerase activity.**? Z is not required for intracellular transcription and replication of 
an LCMV MG, but rather Z has a dose-dependent inhibitory effect on both transcription and 
replication of LCMV MG.”, 7!, ” This inhibitory effect of Z has also been reported for 
TCRV**® and LASV.!° Consistent with these findings, studies using in vitro reconstitution of 
RNA synthesis directed by MACV polymerase have provided evidence that Z, via direct 
interaction with the polymerase, is able to lock the polymerase in a promoter-bound, 
catalytically inactive state.2°°:7°° Transcription of Z mRNA starts at the 3’ end of the L RNA 
antigenomic segment, once the L antigenomic RNAs have been produced. Low expression 
levels of Z early during the virus replication cycle facilitate viral RNA replication and gene 
transcription,7°?*"" whereas increased Z expression levels at later times during the arenavirus 
replication cycle will inhibit viral RNA synthesis and promote virus assembly and 
budding.°°}.37! 


Mutation-function analysis of the genome 5’ and 3’ termini using the MG-based assays 
for LCMV, LASV, and MACV indicates that the activity of the arenavirus genomic promoter 
requires both sequence specificity within the highly conserved 3’-terminal 19 nt of arenavirus 
genomes and the integrity of the predicted panhandle structure. This panhandle is formed via 
sequence complementarity between the 5’ and 3’ termini of viral genome RNAs.!°4302 
Mammarenavirus RNA replication and gene transcription are NP dependent, but NP levels do 
not affect the balance between replication and transcription.°°® MG-based assays confirmed 


the IGR role as a bona fide transcription termination signal, but synthesis of translation- 
competent viral mRNAs does not strictly require the presence of the IGR.°"° 


Assembly and Budding 


Assembly and cell release of infectious mammarenavirus progeny require both Z and GPC 
and the correct processing of GPC into GP1 and GP2 (Fig. 18.4).°2%23:3!0 Colocalization of 
all viral proteins for assembly is mediated by Z—L,?°° Z—NP,°© and Z—GP°!®° interactions. 
Mammarenavirus Z is a structural component of the virion, and cryoelectron microscopy 
structural studies reveal a location of LCMV Z within virions consistent with its role as a 
matrix protein.*°° In accordance, functional studies have shown LASV and LCMV Zs to be 
the main driving force of arenavirus budding,”°!*”! a process mediated by the interaction of 
Z's late-budding motifs, PTAP and/or PPPY, with components of the cellular ESCRT 
complexes.!*® Targeting of Z to the plasma membrane, the location of arenavirus budding, 
strictly requires myristoylation.°°°’* The cellular cargo receptor endoplasmic reticulum 
(ER)-Golgi intermediate compartment 53-kDa protein (ERGIC-53) is required for infectious 
arenavirion production. ERGIC-53 binds to arenavirus GPs, traffics to arenavirus budding 
sites, and is incorporated into virions. In the absence of ERGIC-53, GP-containing virus 
particles still form, but they are noninfectious, partially due to their inability to attach to and 
enter host cells.2° 


PATHOGENESIS AND PATHOLOGY 


Pathogenesis of mammarenaviral disease is not well understood. The pathological findings 
(gross and light microscopic lesions) found postmortem in patients rarely account for the 
relative high case-fatality rate (CFR) and severity of disease.°' 9846295 Mammarenaviruses 
typically enter humans in an aerosolized form and are deposited in the lung, where initial 
viral replication occurs.°° Antigen-presenting cells (APCs), DCs and macrophages, are 
prominent targets in the initial stages of infection. The abundance of these cells in the 
mucosal tissues and skin results in their early infection and amplification of the viruses. The 
mobility and wide distribution of APCs most likely facilitate mammarenavirus entry into the 
lymphoid system and their systematic spread to other organs and tissues.*»!421©7,2° Principal 
target organs, based on virus titers, EM, or viral antigen accumulation at death, include the 
lymphoid tissue, liver, kidneys, lungs, adrenal glands, and heart. In the case of LASV, the 
virus has also been recovered from the placenta, mammary glands, and aborted fetal tissues. 
In the case of AHF, virion-like particles were also observed in the central nervous system 
(CNS), ovaries, and testes.’*!42:167,26.393 Th the case of LCMV, the virus eventually reaches 
the meninges, choroid plexus, and ventricular ependymal linings, where it replicates to high 
titers and where the inflammatory response produces the characteristic lymphocytic 
choriomeningitis (LCM) pathology and signs of meningitis.°° 


In most cases of congenital LCMV infection, the fetus becomes infected transplacentally. 
After reaching the fetus, the virus exhibits a strong tropism for the fetal brain, where the 
infection produces its most common and_ severe pathologic effects, including 
microencephaly, periventricular calcifications, hydrocephalus, cerebellar hypoplasia, focal 
cerebral destruction, and gyral dysplasia.°° 


Coagulopathy and Vascular Dysfunction 


The extent of hemorrhagic and coagulopathy manifestations differs between pathogenic 
mammarenaviruses. Hemorrhages are uncommon in LF patients and are primarily limited to 
mucosal surfaces.*°* In AHF patients, hemorrhage is much more common. Bleeding is 
typically associated with coagulopathy including thrombocytopenia and _ platelet 
dysfunction.®!!2°.'63 The platelet malfunction may be associated with a yet unidentified 
plasma inhibitor of platelet aggregation.”’° There is no evidence that coagulation 
dysfunctions such as disseminated intravascular coagulation or complement activation play a 
role in mammarenavirus pathogenesis.®! A recent metabolomics study found that levels of 
platelet-activating factor (PAF) and PAF-like molecules are lower in the serum of patients 
with fatal LF than in patients with nonfatal LF. The hemoglobin breakdown products D- 
urobilinogen and I-urobilin are also reduced in LF patients.'°! 


Impairment of vascular function is most likely central for the pathology observed in 
LASV- and JUNV-infected patients. Edema and pleural and pericardial effusions that are 
associated with fatal LF cases are most likely due to increased vascular permeability. In both 
experimentally infected animals and LF patients, the disruption of vascular endothelium 
function is closely followed by shock and death.!*!:2°+93 In AHF patients, hemorrhagic 
disease manifestations are believed to be associated with vascular dysfunction.*!° However, 
only minimal vascular lesions are detected in fatal human LF and AHF cases and infected 
nonhuman primates (NHPs).°° This discrepancy is probably because LASV and JUNV are 
nonlytic viruses and, as such, do not cause cytopathic effects or cellular damage in infected 
monocytes, macrophages, and endothelial cells.°%.2°4 


The mechanism of LASV-induced increase in vascular permeability is yet to be 
uncovered. A common hypothesis is that virus infection of the endothelium might cause 
changes in cellular function leading to increased fluid flow and subsequent edema. Infection 
with other hemorrhage-inducing viruses (e.g., Ebola virus) results in a “cytokine storm” that 
interferes with the integrity of the vascular endothelium. However, LASV-infected 
macrophages are not activated and proinflammatory cytokines are not released.*°*+7° Recent 
studies with JUNV-infected endothelial cells reveal perturbation of specific endothelial cell 
functions, including increased expression of cell adhesion molecules (ICAM-1 and VCAM- 
1), coagulation factors (von Willebrand factor), and release of vasoactive mediators (nitric 
oxide and prostaglandin PGI,) as a consequence of productive viral infection.!°9 These 


studies provide the first possible links to the increased vascular permeability observed in 
AHF patients, but their relevance in vivo remains to be investigated. 


Pathology 


Macroscopic abnormalities in LF patients include gastric mucosal, renal, and subconjunctival 
hemorrhages, petechiae, and evidence of increased vascular permeability, such as pleural and 
pericardial effusions, ascites, and facial, intestinal, and laryngeal edema.!*°°2® Microscopic 
findings reported in patients and in NHPs include multifocal hepatocellular necrosis with 
weak inflammatory cell involvement, splenic necrosis, necrosis of renal tubular cells, 
adrenocortical cell necrosis, focal renal interstitial lymphocytic infiltrates, mild mononuclear 
interstitial myocarditis, alveolar edema with capillary congestion, interstitial pneumonitis, 
and rhabdomyositis. !2°7°°328395 


The most consistent pathological hallmark of LF in humans is multifocal hepatocellular 
necrosis. In fatal cases, the extent of necrosis can range from 1% up to 50%. High virus titers 
in liver tissue correlate with severe hepatitis.*°° However, the degree of hepatic tissue 
damage is insufficient to cause hepatic failure. In addition, there is no correlation between the 
degree of hepatic necrosis and chemical indicators of liver damage, such as elevated 
concentrations of aspartate aminotransferase (AST), alanine transaminase (ALT), and lactate 
dehydrogenase (LDH) in serum.*°°°9? Therefore, LASV-induced hepatitis is not the primary 
cause of death in fatal cases. 


The most common macroscopic abnormality in severe cases of NW mammarenaviral 
disease is widespread hemorrhage, particularly in the skin and mucous membranes 
(gastrointestinal [GI] tract), intracranium (Virchow-Robin space), kidneys, pericardium, 
spleen, adrenal glands, and lungs. Microscopic lesions include acidophilic bodies and focal 
necroses in the liver, acute tubular and papillary necrosis in the kidneys, and reticular 
hyperplasia of the spleen and lymph nodes. In cases of BHF, hepatic petechiae are common 
and the number and size of Kupffer cells are also increased. Interstitial pneumonia has been 
observed in cases of BHF or Venezuelan hemorrhagic fever (VeHF). In cases of AHF, 
secondary bacterial lung infections (acute bronchitis and bronchopneumonia, myocardial and 


lung abscesses) have been observed.°1}98:150.346 


Patterns of clinical AHF illness are JUNV strain specific and can be “hemorrhagic” 
(Espindola strain), “neurologic” (Ledesma strain), “mixed” (P-3551 strain), and “common” 
(Romero strain).!*°7°?.2© In animal models of AHF, each isolate induces a disease syndrome 
that replicates the clinical variant of the disease in the human from whom the viral strain was 
obtained. Animals infected with JUNV Espindola strain (“hemorrhagic”) demonstrate 
apronounced bleeding tendency with disseminated cutaneous and mucous membrane 
hemorrhage. In guinea pigs, the Espindola strain replicates predominantly in the spleen, 
lymph nodes, and bone marrow, the major sites of necroses, whereas lower virus loads are 
present in the blood and brain. In contrast, animals infected with JUNV Ledesma strain 
(“neurologic”) show little or no hemorrhagic manifestations but develop overt and generally 
progressive signs of neurologic dysfunction: limb paresis, ataxia, tremulousness, and 
hyperactive startle reflexes. The Ledesma strain is found predominantly in the brain, where 
moderate polioencephalitis is observed, and only low amounts of virus are recovered from 


the spleen and lymph nodes. 


A single well-studied LCM encephalitis case showed mononuclear cell infiltrates in the 
meninges and around vessels and glial nodules in the deeper structures.°’’ Fluorescent 
antibodies detected viral antigen in meninges and in cortical neurons. During the CNS 
disease, there is no viremia, but virus is still detectable in cerebrospinal fluid (CSF), and the 
pathogenesis is believed to be immunopathological. An animal model of congenital LCMV 
infection has demonstrated the very strong tropism of LCMV for neuroblasts and that 
infection disturbs neuron migration. These findings explain, respectively, the location of 
periventricular calcifications and the gyral malformations in children with congenital 
LCMV.”° Studies with this model have also shown that the age of the developing host at the 
time of infection profoundly affects the patterns of infection and pathology within the brain. 


Immune Responses 


T-cell responses play a crucial role in the control of LASV infection in both in vitro and in 
vivo animal models. Severe or fatal LASV infection seems to be associated with defective T- 
cell responses (low and delayed T-cell activation), whereas the effective control of LF seems 
to be mediated by robust and efficient responses. In hospitalized patients and NHP models of 
LF, strong (IgG and IgM) antibody responses are not correlated with the outcome of disease; 
however, high viral loads are associated with a poor prognosis. Therefore, humoral responses 
are not effective in controlling LASV replication and the resulting pathology.'°*°° Unlike 
LF, humoral immunity plays an important role in controlling AHF. In both humans and 
animal models, immune plasma treatment from previously exposed individuals is efficacious 
in treating AHF if administered early during infection. The efficacy of the treatment appears 
to be due to the ability of the antibodies to neutralize virus, as viral loads are reduced after 
transfusion with immune plasma.**4* A recent study suggests that the number of N- 
glycosylation sites on the arenaviral GPs is inversely correlated with the protective efficacy 
of neutralizing antibodies.°©° 


Mammarenavirus infections cause immunosuppression in humans and other animals. The 
hallmark of LASV infection is generalized immunosuppression. In accordance, LASV- 
infected APCs do not mature or become activated; elevated levels of activation markers 
(CD80, CD86, CD40, CD54, and HLAs) or cytokines (tumor necrosis factor [TNF-a], 
interleukin [IL]-1f, IL-6, and IL-12) and increased phagocytic activity are not observed 
following infection.*°° Furthermore, in LF patients, fatal outcome correlates with absence or 
minimal levels of IL-8 and interferon-inducible protein 10 (IP-10) in serum.**° In recent 
studies, however, human LF survival was correlated with low levels of IL-6, IL-8, IL-10, 
macrophage inflammatory protein (MIP1f), and CD40L.*° 


In AHF patients, immunosuppression is not generalized. Decreases in the number of T 
and B lymphocytes, lower ratio of CD4 to CD8 T cells, and diminished response to mitogens 
are reported in acute AHF patients. However, JUNV-infected patients have elevated 
proinflammatory cytokine (TNF-a, IFN-a, IL-6, and IL-10) levels. In fact, the severity of 


disease is consistently associated with elevated levels of TNF-a and IFN-a.'64724248 


In vitro studies suggest that macrophages are not responsible for the increased cytokine 
production as IFN-a, IFN-8, TNF-a, IL-10, IL-6, and IL-12 levels do not increase in these 
cells following inoculation with JUNV. In contrast to LASV, both JUNV and MACV can 
readily induce IFN production in cultured human primary DCs.'*°-'71:2° The exact role of 
cytokines in the pathogenesis of NW arenavirus disease is yet to be determined, but a 
common hypothesis is that cytokines may be important in controlling virus replication in the 
early stages of infection, whereas a delayed response could contribute to pathogenesis as seen 
in patients with severe disease and high levels of cytokines. 

Congenital LCMV infection in animals triggers a robust inflammatory response, driven 
by cytotoxic T lymphocytes. This finding explains the lymphocytic pleocytosis in patients 
with LCM and the inflammation-induced destructive cerebral lesions in children with 
congenital LCMV.°° 

Mammarenavirus RNA can activate the RIG-I/melanoma differentiation—associated 
protein 5 (MDAS)-mitochondrial antiviral signaling (MAVS)-dependent signaling pathway to 
induce the IFN-I response.**? However, mammarenaviral NP is a potent inhibitor of IFN-I. 
Specifically, NP (with the exception of TCRV NP) expression blocks phosphorylation and 
prevents the nuclear translocation of interferon regulatory factor 3 (IRF3).7°!7!© NP (with the 
exception of TCRV NP) also inhibits the nuclear translocation and transcriptional activity of 
the nuclear factor kappa B (NF-xB).*°? NP interacts with RIG-I and MDA5**? and prevents 
potentiation of RIG-I function by the cellular protein PACT. The exo activity of NP is 
required for this function.*°’ The C-terminus (exoribonuclease domain) of LCMV NP also 
binds the kinase domain of cellular protein kinase [KKe, thereby blocking its autocatalytic 
activity and its ability to phosphorylate IRF3.°*!° 

In addition to NP, mammarenaviral Z suppresses IFN-I response. According to one study, 
pathogenic mammarenavirus Z binds to the CARD domains of RIG-I-like receptors and 
disrupts their interactions with MAVS, thereby leading to down-regulation of the IFN-f 
response.*!° Another study reported similar finding with the exception that Z of NW, but not 
OW, mammarenaviruses was found to interact with RIG-I and interfere with the interaction 
between RIG-I and MAVS.!°8 


EPIDEMIOLOGY 


Arenaviruses are ecologically diverse and have been found in rodents, bats, and ticks 
(mammarenaviruses)?~°7"*>! snakes (reptarenaviruses, hartmaniviruses),'°?, °°, 172-966 and 
fish (antennaviruses).°°? Most mammarenaviruses infect muroid rodents of only one or a few 
species and, therefore, are geographically constrained (Fig. 18.5). However, LCMV, which 
infects the ubiquitous house mouse, is distributed globally.°***” Within these host ranges, the 
prevalence of each virus may be spatially or temporally patchy. One mammarenavirus, 


TCRV, was found in phyllostomid bats and lone star ticks (Amblyomma americanum 


Linnaeus, 1758).9*°°! The natural distribution of reptilian and fish arenaviruses is unknown 
168 169 170,366 
’ 3 


thus far. 
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FIGURE 18.5 Global mammarenavirus distribution. Human _§$arenavirus 
infections are indicated on a global map by colors. (Courtesy of Jiro Wada, IRF- 
Frederick, Fort Detrick, MD, USA.) 


Typically, mammarenaviruses cause persistent, frequently asymptomatic infections in their 
reservoir hosts, which are characterized by virus multiplication in many different tissues and 
chronic viremia and viruria. Chronic infections are suspected to be caused by suppressed host 


immunity. The chronic carrier state in rodents usually results from vertical transmission 
(exposure to infectious virus early in ontogeny) or horizontal transmission (exposure to virus 
later in life through aggressive or venereal behavior).°0:1!4271,399,394,398 

Mammarenaviruses do not normally infect mammals other than their immediate reservoir 
hosts. However, some viruses are pathogenic and are often highly virulent for humans. 


Human infections occur via exposure to rodent fomites, ingestion of contaminated food, 
exposure to broken skin or mucous membranes, or inhalation of aerosolized virions from 


contaminated material.22»72:104,253,276,375 


Lassa Fever 


LF is endemic in areas of western sub-Saharan Africa: Nigeria, Liberia, Guinea, and Sierra 
Leone (Fig. 18.5). Recent data also indicate the presence of circulating strains in the 


surrounding countries of Mali,*4*°4° Ghana,®* Benin (http://www.who.int/csr/don/13-june- 


2016-lassa-fever-benin/en/), Togo,?9*04 Burkina Faso,?”° and Céte d'Ivoire.°°* Imported 
cases of LF have been reported in the United States, Canada, the United Kingdom, Japan, 


Germany, the Netherlands, and Israel.!4”7°° The etiologic agent of LF is LASV.'*° The CFR 


of LF is about 1% to 2% in the endemic areas, with estimated 300,000 infections annually.7°” 
Most LASV infections in Africa are asymptomatic, mild, or subclinical, but the CFR in 


hospitalized confirmed cases of LF can be as high as 69%.**'7°-9° The CFR increases with 


age, and patients aged 50 years and older are more likely to die.?“*°° High CFR for children 
aged 9 years or younger and adolescents and adults less than 29 years of age has also been 


reported.*+!*43°© The disease is especially severe late in pregnancy with fetal death, 
miscarriage, or spontaneous abortion occurring in nearly all cases.!*42°93!45°° Most LF 
cases recorded during recent outbreaks were in the older age group of >20 years.!”>°° 


The Natal mastomys (Mastomys natalensis Smith, 1834) is the main reservoir host of 


LASV.*!>?79 Experimental LASV infection of adult and neonatal Natal mastomys and field 
studies support the notion that these rodents are not adversely affected by LASV infection. 


However, some infected adult rodents develop mild meningoencephalitis.**°?9* Maintenance 
of LASV in Natal mastomys is thought to occur via vertical transmission (in utero or 


postnatal transmission).*°* However, recent studies suggest the existence of an additional 
horizontal transmission mechanism.'!* Other rodents might also serve as LASV hosts or have 


roles in LASV transmission.''42°7290:409 Humans become infected with LASV through 
direct contact with infected rodent excreta, tissues, or blood or via inhalation of aerosolized 


virus.!947°375 Accordingly, poor sanitation and housing conditions correlate with greatest 
risk of infection.” In Western Africa, peridomestic rodents are also part of the diet in certain 


populations. Consequently, infected meat could be another route of virus transmission.!°9 
Person-to-person transmission of LASV can occur in nosocomial settings via direct contact 
with body fluids from symptomatically infected individuals or corpses and is estimated to 


occur in ¥20% of LF cases.!**2”*76 Human infections tend to be more common in the dry 


season, between November and April,?”!”>°°° which may reflect a higher prevalence of 
Natal mastomys inside houses.!!° 

LASV prevalence is focal and varies greatly between geographical regions. In Guinea, 
the reported seroprevalence varies from 4% to 55% (with the highest prevalence in forested 
Guinea).*°.7°° In Sierra Leone, seroprevalence ranges from 8% to 52%7°” and in Nigeria 


from 13% to 37%.°”9 Prevalence of LASV IgG antibodies is 26% in Céte d'Ivoire.* At least 


in Nigeria, the occurrence of LF seems to drift from rural to predominantly urban residential 


areas.°°2 


A striking feature of LASV is the high level of genetic diversity between strains; 
nucleotide differences can reach up to 32% and 25% for the L and S segments, 
respectively.’°*9’ The diversity among LASV strains correlates with geographic location 
rather than time, and no evidence of a “molecular clock” has been found. Six major LASV 
clades have been reported thus far based on sequencing data: I-III in Nigeria; [V covering the 
countries of Sierra Leone, Guinea, and Liberia; V covering southern Mali and Cote d'Ivoire, 
and the recently recognized clade VI from Togo.”***44 The high diversity of LASV might 
explain the observed variability of LF's clinical presentation and possible regional 
differences. 


Lymphocytic Choriomeningitis 

Mounting evidence indicates that LCMV is a neglected human pathogen. The disease burden 
in humans is unknown.!® The primary host of LCMV is the house mouse, but other rodents, 
such as pet hamsters*° and domesticated guinea pigs (Cavia porcellus Linnaeus, 1758), can 
become infected and transmit the virus to humans.!'” Infected rodents shed the virus in their 
urine, saliva, nasal secretions, and droppings throughout life.2?? LCMV is transferred 
vertically from one generation to the next via intrauterine infection within the mouse host. 
Offspring of rodents that acquire LCMV transplacentally are persistently infected and may 
have high viremia. However, these offspring often remain asymptomatic.°° 


Humans become infected with LCMV through close contact with infected rodents, 
through solid organ transplantation,°°!!© or by vertical transmission. Congenital LCMV 
infection occurs when a woman acquires a primary LCMV infection during pregnancy and 
the virus is passed to the fetus transplacentally or is acquired during the intrapartum 
period.?°° Human-to-human horizontal transmission of LCMV has not been documented 
(with the exception of transplantation).*° Humans can acquire LCMV during any season, but 
most LCMV infections occur during the late autumn and early winter months, when house 
mice move into human dwellings during the cold season.°° Human LCMV infections involve 
all age groups, and generally occur sporadically.°°* LCMV can also cause callitrichid 
hepatitis in New World primates. These primates develop hepatitis after contact with LCMV- 
infected house mice.!%282369 


The prevalence of LCMV within house mouse populations and in humans is highly 


variable, even within the same geographic region, resulting in the focal and uneven spatial 
distribution of the virus. For example, a study in Baltimore, MD, USA, found that the 
prevalence of LCMV antibody varied from 3.9% to 13.4% in house mice from inner-city 
locations. Study results provided evidence that infections were clustered within residential 
blocks and even within households.°* In humans, LCMV prevalence in the USA and 
Argentina is estimated at #2% to 5%.°%4,792.529,368 This prevalence suggests that the risk of 
infection has decreased since the 1940—1950s when the prevalence of LCMV infection was 
8% to 11%,1270:326 


LCMV strains have been divided into four different lineages.* Most of the US strains, 
including the classic laboratory strains, WE and Armstrong, and virus strains from France, 
Germany, and Slovakia, are located within lineage I. Lineage II appears to contain only 
viruses from Europe. An LCMV 1984 isolate from the state of Georgia (USA) is the sole 
member of lineage III. Lineage IV consists of viruses isolated in Spain from wild-caught 
long-tailed field mice (Apodemus sylvaticus Linnaeus, 1758).*!° LCMV exhibits high genetic 
diversity, comparable to that of LASV.* Up to 18% and 25% nucleotide divergence was 
observed within the S and L segment lineages, respectively. The high genetic diversity of 
LCMV and the lack of clear correlation of virus genetic lineages to particular geographic 
locations likely reflect the long and complex phylogeographic history of the common house 
mouse host.4 


Argentinian Hemorrhagic Fever 


JUNV, the etiologic agent of AHF, is estimated to have caused around 30,000 cases. In the 
absence of treatment, the CFR can reach 20% to 30%. Pregnant women have an increased 
CFR and many miscarry, especially during the third trimester.*® The AHF-endemic region 
has expanded progressively into north central Argentina to the extent that currently 3 million 
people are considered to be at risk of infection (Fig. 18.5).'°* AHF is typically a seasonal 
disease, with a peak of frequency occurring during the corn-harvesting season (March—June). 
Infected cases are primarily rural male agricultural workers, aged 15 to 55 years.’ The 
drylands laucha (Calomys musculinus Thomas, 1913) is the main reservoir of JUNV.°°9340 
However, other animals can become infected.*”'*”* The drylands laucha inhabits crop fields, 
pastures and adjacent roadsides, and fence lines. It is rarely captured in or around human 
dwellings. The patchy spatial distribution of this rodent has been suggested to account for the 
focal distribution of AHF. Furthermore, annual increase in the number of drylands laucha 
coincides with the corn-harvesting season providing opportunities for rodent-to-man 
transmission. Transmission to humans is believed to occur predominantly by inhaling 
aerosolized viral particles from contaminated soil and plant litter, which are disturbed during 
the mechanized harvesting process, or by exposure to primary aerosols of rodent urine or 
contact with contaminated nesting materials in border habitats.”*-1°* 


Results from field and laboratory studies suggest that horizontal transmission via 
aggressive encounters among adult, male rodents is the primary mode of viral persistence in 


nature.*’!*’° The high rate of JUNV production in salivary glands and virus isolation from 
saliva of drylands lauchas?’!°°.9°9 make JUNV transmission following a bite highly likely. 
Vertical transmission has also been reported as possible maintenance mechanism of JUNV.°?9 
However, the virus cannot transgress the placenta,*?! and rodents infected at birth (during 
lactation) exhibit decreased survival, body growth, and fertility. In contrast, rodents infected 
as adults are usually asymptomatic.*°°.2°9.9! Half of infected adult rodents develop persistent 
infection with virus isolated from the urine, saliva, blood, or brain, whereas the remainder 
develop serum antibodies and appear to clear the virus within 21 days.°9! Vertical 
transmission might contribute, to some extent, to the maintenance of infection, if not via 
transfer to the next generation, then via intragenerational infection by horizontal transmission 
when population numbers are reduced.??9°8.390 


Serological studies in Argentina found prevalence of JUNV-neutralizing antibodies to 
range from 4.7% to 12.3% in AHF-endemic areas.°*40°4°! In nonendemic areas, the 
prevalence is significantly lower (0.44%).°%° Clinically apparent disease occurs in nearly 
two-thirds of those infected. In rodents, prevalence of infection can be as high as 10.9% with 


highest prevalence observed in current epidemic areas and lowest (0.2%) in nonendemic 


areas.2/+, aie 274,080 


Nucleotide similarity between JUNV strains is high and can reach up to 94.5% and 
95.4% for GP and NP, respectively. !9>!4" 


Bolivian Hemorrhagic Fever 


MACV is the etiological agent of BHF.'°? The CFR of BHF is approximately 5% to 30% 
with the highest rates occurring among those under 5 and over 55 years of age. BHF cases 
are more common during the dry season, at the peak of agricultural activity, with males over 
15 years of age more frequently affected.*°° The big laucha (Calomys callosus Rengger, 
1830), a small pastoral and peridomestic rodent, is the reservoir host of MACV.!%! Suckling 
big lauchas infected with MACV develop viremia but are “immunotolerant.” In animals more 
than 9 days of age, a split response is observed following MACV infection (similarly to 
JUNV). “Immunocompetent” big lauchas (about 50%) develop circulating neutralizing 
antibodies and clear viremia and have minimal or absent viruria, whereas “immunotolerant” 
mice develop persistent viremia, viruria, and little or no neutralizing antibodies. MACV 
antigen can be detected in most tissues of the latter animals, including the reproductive 
organs. Long-term effects of tolerant infection include mild runting, reduced survival rate, 
and almost total sterility among females, largely caused by virus infection of embryos.!9°98 
Both horizontal and vertical transmissions have been shown as possible maintenance 
mechanism of the virus within its reservoir rodent. Infection of newborn mice can occur 
neonatally through the milk and of adult mice can occur via venereal encounters.?9° 


Person-to-person transmission of MACV is not frequent but possible by direct contact 
with body fluids or excreta of infected patients. Transmission by intimate contact during 


convalescence is also feasible.?!°° Such transmission is probably not the principal mode of 
disease dissemination. In fact, the frequency of MACYV isolation from human blood or from 
throat and oral swabs of infected patients is low, and only small quantities of the virus have 


been detected in successful isolation attempts.!?° 


Venezuelan Hemorrhagic Fever 


GTOV emerged in 1989 as the cause of VeHF. This severe hemorrhagic illness has focal 
distribution in the southern and southwestern portions of Portuguesa state and in adjacent 
areas of Barinas state (Fig. 18.5). VeHF cases peak between November and January, during 
the period of agricultural activity in the regions. Similar to AHF, the majority of cases have 
involved male agricultural workers. The CFR is ¥30%.®°-!29.346376 The short-tailed zygodont 
(Zygodontomys brevicauda J. A. Allen and Chapman, 1893) is the main reservoir host of 
GTOV. The virus is also commonly found in Alston's cotton rats (Sigmodon alstoni Thomas, 
1880). These rodents are most abundant in tall grass along roadsides and fence lines, on the 
edges of cultivated fields, and in the naturally occurring savanna that dominates the 
landscape of the VeHF-endemic regions.*’’ These hosts have not been reported within houses 
or farm building. Therefore, similar to JUNV, GTOV infections are assumed to occur 
outdoors and in rural areas, and persons that have frequent contact with rodent-infested 
grassland habitats are at higher risk.2° Unlike, MACV and JUNV, newborn short-tailed 
zygodonts inoculated with GTOV develop chronic infection with no effect on growth and 
shed the virus in urine and saliva. Similarly to MACV and JUNV, GTOV infection of adult 
animals results in the typical split response: most animals produce chronic viremia 
characterized by persistent shedding of infectious virus in oral secretions and urine, whereas 
the rest develop neutralizing antibodies and clear viremia. Findings from experimentally 
GTOV-infected female zygodonts include a negative effect on reproductive fitness and 
evidence of vertical transmission to pups.!°° 


CLINICAL FEATURES 


Lassa Fever and Other Old World Mammarenaviral Diseases 


The signs and symptoms of LF vary depending on the severity of the disease. The disease is 
mild or asymptomatic in about 80% of infected individuals, but 20% develop acute LF. The 
incubation period can range from 5 to 21 days but is typically 10 to 14 days. Disease onset is 
insidious with progressive fever, weakness, and general malaise (Fig. 18.6). Within 2 to 4 
days, many patients experience an array of symptoms and signs including headache; myalgia; 
arthralgia; lower back, abdominal, and/or retrosternal chest pain; dizziness; nausea; tinnitus; 
or sore throat. Signs such as cough, vomiting, diarrhea, and/or constipation are also common. 
Lymphadenopathy (particularly cervical), oliguria, tachycardia, vertigo, splenomegaly, 
hepatomegaly, and jaundice have been reported occasionally. Pharyngitis, conjunctivitis, 
signs of respiratory distress (rales, wheezing, and rhonchi), pleural and pericardial effusions, 


or facial and neck edema can occur as the disease progresses.227>123, 14 


125,198,205,255,267,277,281,288 The majority of patients begin to recover 8 to 10 days after disease 
onset, and virus is cleared from the blood 4 to 11 days later. 9**78 In severe cases, however, 
the illness worsens with respiratory distress and hemorrhagic and/or neurologic 
manifestations. Hemorrhagic manifestations can include skin and mucosal petechiae, 
mucosal bleeding (gums, vagina), epistaxis, hematuria, hemoptysis, bleeding from needle 
puncture sites, or conjunctival and GI bleeding (melena, hematemesis). Neuroglial findings 
such as moderate-to-severe diffuse encephalopathy, confusion, tremors, coma, and/or 
convulsions are common just prior to shock and death.29:79-!23, 124, 125,198,205,255,267,277,28 1,288 
In children, edema of the neck and face may progress to widespread edema, abdominal 
distension, and bleeding (termed “swollen baby syndrome”) that typically result in death.?°° 
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FIGURE 18.6 Lassa fever clinical presentation. A: Listed are typical symptoms 
and clinical signs of LASV-infected adults. B: Idealized progression of key 
clinical signs in Lassa fever. (Courtesy of Jiro Wada, IRF-Frederick, Fort 
Detrick, MD, USA.) 


Common clinical findings include proteinuria, albuminuria, and elevated AST levels (at least 
mildly).70-129.192,198,255,267,277,281,288 Moderate leukopenia, particularly in the initial phase of 
illness, has been reported in some, but not all, patients.!29»198.20.295,267,277,281 Tn some cases, 
hypotension has been described,*?:!9°.29°.2°” and even less frequently mild thrombocytopenia 
has been noted. !2420°.281 


Survivors of LASV infection often recover without sequelae. However, unilateral or 
bilateral sensorineural deafness, which may develop during disease, may persist permanently 
in *13% to 30% of survivors. The auditory patterns and clinical course resemble idiopathic 
sudden hearing loss.’”72°789 In addition, pericarditis has been documented (particularly in 
males) as well as hair loss.!2?:!229° 


LF presents with symptoms and signs indistinguishable from those of other febrile 
illnesses such as malaria, typhoid fever, gastroenteritis, pneumonia, and other severe viral 
infections. Therefore, LF is difficult to diagnose clinically but should be suspected in patients 
with fever (238°C) not responding to antimalarial and antibiotic drugs.!*4+7°>78! Past studies 
show that the most useful clinical predictors for diagnosis of LF are fever, pharyngitis, 
retrosternal pain, and proteinuria.*°° Fever, sore throat, vomiting, edema, and bleeding are 
the best predictors for negative outcome.?.70!*429°.2”7 Disease outcome is also correlated to 
the degree of blood viremia; in fatal cases, viremia usually persists uncontrolled until death, 
and high LASV titers are found in visceral tissues at autopsy.?!°* Recently, severe and 
nonsevere CNS signs, face and neck edema, jaundice, bleeding, hematuria, and proteinuria 
were shown to be more significantly associated with death.*®° Several laboratory-tested 
biomarkers had even greater association with increased CFR than did clinical features; these 
include raised concentrations of blood urea nitrogen and creatinine (biomarkers for kidney 
function), of serum AST (consistent with known liver malfunction), and of the serum 
electrolyte potassium. These results highlight the role of liver and renal dysfunction and 
electrolyte disturbance in the severity of LF.?!2°.78° 


Patients infected with LUJV initially present with symptoms and signs of nonspecific 
febrile illness such as severe headache, malaise, vomiting, fever, retrosternal pain, or 
myalgia. Disease manifestations increase in severity over 7 days with the development of 
diarrhea and pharyngitis. In some patients, morbilliform rash or facial edema is evident. 
Terminal features are acute respiratory distress syndrome, cerebral edema, neurologic signs, 
deteriorating renal function, or circulatory collapse. In some patients, no overt hemorrhage is 


observed besides gingival bleeding, petechial rash, or oozing from injection sites.” However, 


the clinical description of disease caused by LUJV infection is currently based on the 
observation of only five patients. 


Lymphocytic Choriomeningitis 


Postnatal infections in persons with an _ intact immune system are often 
asymptomatic/subclinical or result in a mild febrile illness. Following 1 to 2 weeks of 
incubation, infected individuals develop flu-like illness with malaise and weakness, fever, 
myalgia, headache, and/or photophobia. Gastrointestinal (GI) symptoms and signs such as 
anorexia, nausea, and vomiting are also common, and in some cases, diarrhea has been 
reported. Sore throat, cough, pharyngitis, and other symptoms of respiratory tract 
involvement are less common. Lymphadenopathy, dysesthesia, conjunctivitis, arthralgia, 
arthritis, rash, testicular or parotid pain, and abdominal, back, and chest pain have been 
reported but occur infrequently. Typically, the disease lasts 5 to 15 days, and virus can be 
isolated from the blood. Clinical findings may include leukopenia, moderate 
thrombocytopenia, mild elevations of AST levels, and infiltrates on chest radiographs. 
However, these findings are not present in all patients. 


CNS viral invasion is seen only in a minority of patients either after an initial prodromal 
febrile illness (as described above), defervescence, or, less commonly, without any early 
symptoms. During this neurologic phase, most patients experience symptoms/signs of classic 
aseptic meningitis that include fever, severe headache, vomiting, nuchal rigidity, and/or 
photophobia. In some cases, encephalitis, encephalomyelitis, meningoencephalitis, acute 
hydrocephalus, ascending or bulbar paralysis, or transverse myelitis may develop. The 
hallmark laboratory abnormality during this CNS phase of illness is a CSF pleocytosis. CSF 
leukocyte cell counts often exceed 1,000/uL. Hypoglycorrhachia and mild elevations of CSF 
protein have also been reported. Virus can be isolated from the spinal 
fluid. 1:19:29-40,93,109,213,270,378,386,397 Infections are rarely fatal, and most patients survive 
without sequelae. However, some might experience asthenia, headaches, confusion, and 
difficulty in concentration. Alopecia, arthralgia, arthritis, orchitis, dysesthesias, and vertigo 
have also been reported infrequently. !9-7°° 


Infection during pregnancy increases the risk for miscarriage (especially during the first 
trimester of pregnancy), in utero fetal death, fetopathy, and severe neurologic sequelae. 
Congenital LCMV can result in severe CNS or ocular malformations (Fig. 18.7), including 
chorioretinopathy, congenital hydrocephalus, macrocephaly, or microcephaly, and can mimic 
the signs/symptoms of classic TORCH (toxoplasmosis/Toxoplasma gondii, other infections, 
rubella, cytomegalovirus, herpes simplex virus) syndrome. Neurologic sequelae include 
spastic quadriparesis, mental retardation, seizures, and visual impairment.!74°7 


FIGURE 18.7 T1-weighted magnetic resonance imaging (MRI) scan of the 
brain of a 10-month-old child with congenital LCMV infection. The child had 
severe developmental delays, spastic quadriparesis, and medically intractable 
epilepsy. The MRI scan reveals microcephaly, a lissencephalic frontal lobe (A), 
and hypoplasia of the corpus callosum (B), the brainstem (C), and the cerebellum 
(D). (Courtesy of D. Bonthius, University of Iowa.) 


In immunosuppressed organ recipients, LCMV infection can be fatal.°®°7"'%39 Of 17 
recipients described to date, 13 died of multisystem organ failure with LCMV-associated 


hepatitis as a prominent feature. Two surviving patients were treated with ribavirin. Initial 
illness in immunosuppressed patients is similar to the disease observed in immunocompetent 
patients (as described above): fatigue, headache, and Gl-associated signs/symptoms 
(abdominal pain, anorexia, nausea, vomiting, diarrhea). However, in most immunosuppressed 
patients, the disease progresses to include CNS manifestations (meningoencephalitis, 
encephalopathy, encephalitis, confusion, seizures with myoclonus), hepatitis, and 
multisystem organ failure. Hypoxia and respiratory distress with pulmonary infiltrates have 
been reported in some cases as well as atrial fibrillation. Clinical findings include elevated 
transaminase (AST and ALT) levels, leukopenia, and/or thrombocytopenia. Elevated 
creatinine levels and hypotension are seen in some patients. Similarly to immunocompetent 
patients with CNS invasion with LCMV, CSF of immunosuppressed cases contains elevated 
protein levels, low glucose levels, and increased leukocyte numbers. 


New World Mammarenaviral Hemorrhagic Fevers 


Disease begins insidiously after an incubation period of 1 to 2 weeks. Initial symptoms/signs 
often include fever and malaise, headache, myalgia, epigastric pain, and anorexia. After 2 to 
4 days, signs become increasingly severe with multisystem involvement: prostration and GI 
disturbances such as abdominal pain, nausea and vomiting, constipation, or mild diarrhea. In 
some cases, dizziness, photophobia, retro-orbital pain, or disorientation may also occur, and 
the earliest signs of vascular damage, such as conjunctival injection, skin petechiae, mild 
(postural) hypotension, or flushing over the head and upper torso, may appear. During the 
2nd week of illness, about 20% to 30% of patients develop more severe hemorrhagic and/or 
prominent neurologic manifestations or secondary bacterial infections. Neurologic 
manifestations include seizures, convulsions, tremor of the hands and tongue, and, less 
frequently, delirium, coma, encephalitis, and meningoencephalitis. Typical hemorrhagic 
manifestations are bleeding from mucous membranes (gums, nose, vagina/uterus, GI tract) 
and ecchymoses at needle puncture sites. However, blood loss is minor overall. Following 
shock, death usually occurs 7 to 12 days after disease onset. 


Typical clinical laboratory findings are leukopenia and thrombocytopenia. AST and ALT 
levels are usually normal or slightly elevated. The electrocardiogram may be nonspecifically 


abnormal, and chest radiography is usually normal in the absence of secondary 
infections eet labe7s-a1l. 387,53 


Patients who survive begin to improve during the 2nd week of disease onset as the 
appearance of neutralizing antibodies signals the beginning of the immune response.®! 
Convalescence often lasts several weeks with polyuria, fatigue, alopecia, and dizziness. 

NW mammarenaviral HF caused by CHAPV, GTOV, MACV, or SBAV is clinically 


similar to AHF.°®.8°.238.370 Ty) BHF patients (particularly severe cases), proteinuria and 
elevated hematocrit are typical during the peak of hemorrhagic manifestations. During 


convalescence, beau lines in digital nails are common.**®?”° In VeHF cases, pharyngitis is 


more prominent, and hearing loss in convalescence has been reported.®?3038 CNS 
manifestations, including encephalitis and convulsions, are associated with poor VeHF 


prognosis.** Furthermore, VeHF initially presents with symptoms and signs that are 
indistinguishable from dengue fever, also common in Venezuela, especially in urban areas.®° 


Only a single naturally acquired infection with SBAV has been identified, and the disease 
resembles other NW mammarenaviral HF except for extensive liver necrosis.°? 


DIAGNOSIS 


Lassa Fever 


LASV is readily isolated from blood during the febrile phase of LF disease up to 14 or more 
days after onset of disease. LASV can be detected in necropsy tissues or Vero cells infected 
with tissue homogenates.'*°'9* LASV antigen can be detected by enzyme-linked 
immunosorbent assay (ELISA) capture in serum, and serum samples may become antigen 
negative with the appearance of IgM antibodies.*! Detection of LASV antigen by ELISA is 
robust, is reliable, and can be completed in short time. LASV-specific antibodies can be 
detected by indirect immunofluorescence assay (IFA) using LASV-infected Vero cells, but 
the test is prone to discrepancies between laboratories. IFA IgG “seroreversion” has been 
reported and is thought to represent loss of antibody by previously seropositive 
individuals.*!!®°5 LASV-specific IgG and IgM can be detected by ELISA.*°” IgG ELISA 
antibody persists for long periods, whereas IFA antibody appears to wane below detectable 
limits within several years. ELISA IgM titers appear earlier and persist longer than IFA _ IgM 
titers. 

Reverse transcriptase-PCR (RI-PCR) can detect virus RNA in blood with high 
sensitivity.°”8° A recently available, recombinant Lassa virus (ReLASV) rapid diagnostic 
test (RDT)*’ is based on a lateral flow immunoassay using paired monoclonal antibodies to 
the Josiah strain of LASV (lineage IV). This test performed better than currently available 
RI-PCR detection assays, supporting the important role that recombinant antigen—based 
LASV immunoassays can play in the diagnosis of LASV infection. 

Nanopore sequencing using the MinION device has been successfully used for genetic 
analysis of pathogens in field studies in regions with very limited resources!®? and was 
implemented to genetically characterize LASV isolates during the 2018 upsurge of LF cases 
in Nigeria.!°° The ability of this portable sequencing technology to genetically characterize 
in situ RNA viral samples will identify in real-time cases of LASV infection associated with 
disease symptoms. This approach, applicable to other arenaviruses, will represent a major 
breakthrough in the diagnosis of arenaviral HF. 


Lymphocytic Choriomeningitis 
During the acute febrile phase, LCMV can be isolated from blood. Viremia may also be 
detectable during meningitis symptoms, but CSF contains higher viral load.!°? Polymerase 


chain reaction (PCR) tests applied to CSF samples have been successfully used.*?? LCMV- 
specific IgM antibodies can be usually detected by ELISA and IFA in serum or CSF, or both, 
during acute cases.°48>!19,220,225 as neutralizing antibodies appear late after onset of disease 
and are technically demanding to demonstrate, their value as a diagnostic tool is lessened.?7° 


New World Mammarenaviral Hemorrhagic Fevers 


Virus can be isolated from blood by inoculation of newborn hamsters or laboratory mice 
during the acute febrile phase up until 10 to 12 days after onset of symptoms.** Cocultivation 
of peripheral blood mononuclear cells with Vero cells seems to be more sensitive than 
suckling laboratory mouse or Vero cell inoculation for isolation of JUNV from AHF 
patients.° Virus can also be isolated from necropsy tissues, except from the brain. In rodent 
studies, virus is readily isolated from blood, urine, throat swabs, and autopsy tissue 
samples.!97!°4 Antigen-capture ELISA detects viral antigen in blood and tissues from 
patients with JUNV, MACV, SBAV, or GOTV infection. Antigen detection is also possible in 
rodent urine, blood, and throat swabs during ecologic surveys.*’! Serologic diagnosis of AHF 
and BHF is usually made by complement fixation (CF)*?”*°° and IFA,**9°°” but the limited 
specificity and sensitivity of these tests pose problems. The plaque neutralization test can 
distinguish between antibodies to JUNV and MACV and has been used for evaluation of 
convalescent plasma units intended for therapeutic use in AHF.'°° The ELISA test is the most 
useful and practical for rapid detection of IgM and IgG antibodies in a clinical setting and 
sero-epidemiologic surveys.!**!/° Antibodies detected by ELISA can persist for >30 years in 
some cases. 


PREVENTION AND CONTROL 


Medical Management 


Supportive therapy is important in the management of patients with arenaviral HF.°7°° 
Avoidance of travel and general trauma, gentle sedation and pain relief with conservative 
doses of opiates, the usual precautions for patients with bleeding diatheses (e.g., avoiding 
intramuscular injections and acetylsalicylic acid), and careful maintenance of hydration are 
indicated. Bleeding can be managed by platelet transfusions and factor replacement as 
indicated by clinical judgment and laboratory studies. Management of patients that undergo 
shock is difficult. Hematocrit readouts suggest a generalized vascular permeability problem 
but of modest magnitude. Infusion of crystalloids should be carefully considered as it carries 
a high risk of pulmonary edema. The low cardiac output observed in animal models of AHF 
and clinical observations with human cases of AHF support the use of Swan-Ganz 
catheterization. The late neurological syndrome seen after immune plasma treatment of AHF 
is generally self-limited, and patient full recovery is accomplished with supportive therapy. 
LCMV ependymal infection and inflammation may cause acute hydrocephalus and a need for 


surgical shunting.*!? Steroids have not been evaluated in this condition. 


Patients with arenaviral HF are considered to pose a minimal risk of contagion in the 
early stages of disease. Disease progression is associated with more extensive viral infection 
of target organs and increased viremia, which facilitate opportunities for dissemination. 
Nosocomial outbreaks and infection of multiple contacts have occurred when the index case 
corresponded to a severely ill patient, but they are uncommon.** The most dangerous 
exposure is parenteral and must be avoided through staff training. Protection to caregivers 
and other patients should be enhanced by implementing respiratory protection against small 
particle aerosols.!° Special precautions are indicated when blood and other body fluids are 
handled in the clinical laboratory. 


Close personal contacts should be monitored for fever for a period of 3 weeks. Patients 
may excrete virus in urine or semen for weeks after recovery from disease. Body fluids 
should be monitored for infectivity before the patient is released. In addition, counseling 
should be provided emphasizing protection of sexual partners and the use of disinfectant 
prior to use of toilets. 


Antiviral Drugs 


The prophylactic and therapeutic value of the nucleoside analog ribavirin (Rib) against 
several arenaviruses is well supported by results from both cell culture and all arenaviral HF 
animal models in which Rib has been studied.’%184290.203,352,363 Tmportantly, Rib has 
reduced both morbidity and lethality in human cases of LF. However, the need of intravenous 
administration for optimal efficacy, poor penetration into the CSF, and side effects, including 
anemia and congenital disorders, pose some limitations to the use of Rib. The mechanisms by 
which Rib exerts its antiarenaviral action are not fully understood but are likely to involve 
different steps of the virus life cycle.*°4 Rib is efficacious against LF and remains the 
therapeutic agent of choice to treat cases of LF with a poor prognosis. Some evidence 


indicates that Rib is also efficacious against AHF,'°° and treatment with Rib of human 
MACV and SBAV infections has shown clinical benefits. !®°? 

Prophylaxis with Rib for 7 to 10 days delayed the onset of acute disease in guinea pigs 
experimentally infected with PICHV or LASV, whereas increasing Rib prophylactic 
treatment to 14 days prevented disease.**?°*.°” Rib prophylaxis for 14 to 21 days prevented 
acute disease in JUNV-infected domesticated guinea pigs, but it did not prevent JUNV 
entering the CNS and causing fatal encephalitis.*°° Thus, high-risk exposures to arenaviruses 
are probably best managed by implementing treatment at the first sign of fever, rather than 
dealing with the uncertainties of prophylaxis and its potential risks. 


Besides Rib, several compounds have been reported to have antiarenaviral activity in 
cultured cells, but their safety and efficacy in vivo remain to be determined.*”! Recent high- 
throughput screening (HTS) identified a potent small molecule inhibitor of TCRV and several 
other NW arenaviruses.*® Likewise, such cell-based screening using pseudotyped virion 
particles bearing the GP of highly virulent arenaviruses identified several small molecule 


inhibitors of virus cell entry mediated by LASV GP.*!® The broad-spectrum RdRp inhibitor 
favipiravir!44+7°4+24 and the GP-mediated fusion inhibitor ST-193!* have shown promising 
results providing protection of domesticated guinea pigs from otherwise lethal LASV 
infection. Nevertheless, the identification and characterization of additional safe and effective 
antiviral drugs against human pathogenic arenaviruses can facilitate the implementation of 
combination therapy to combat human pathogenic arenaviruses. This approach is known to 
counteract the emergence of drug-resistant variants often observed with monotherapy 
strategies.°° 


Using arenavirus molecular genetics, investigators are developing screens to identify 
drugs targeting specific steps of the arenavirus life cycle. These drugs include direct-acting 
antivirals that target specific viral gene products and functions and drugs that target host cell 
factors required for the completion of virus replication cycle. Direct-acting antivirals are 
likely to be well tolerated by the infected host cell, but the rapid emergence of drug-resistant 
variants can compromise their use.2? Combination therapy has proven effective to reduce and 
delay the selection of escape mutants, but does not entirely solve this problem, as illustrated 
by the selection of hepatitis C virus-resistant variants in patients who experienced virologic 
failure with asunaprevir and daclatasvir.'°’ In contrast, intrahost virus evolution is unlikely to 
result in viral variants able to escape from host-targeting antivirals (HTAs). Moreover, related 
viruses are likely to rely on the same host machinery, thus providing an opportunity for the 
development of broad-spectrum antiviral therapeutics. HTAs can be associated with side 
effects that might be manageable during acute HF caused by arenaviruses, as the duration of 
the treatment would be rather short. An attractive host cell target for the development of 
broad-spectrum antiarenaviral drugs is SKI-1/S1P responsible for processing of arenavirus 
GPC into GP1 and GP2.2!1298,533,334,384 Several peptide-and non—peptide-based S1P 
inhibitors have been documented, but their lack of cell permeability would pose severe 
limitations to their use as antiviral drugs. The small molecule PF-429242 is reported to be a 
potent S1P inhibitor both in vitro and in cell-based assays,!°!!®* and PF-429242 efficiently 
inhibits S1P-mediated processing of arenavirus GPC, which correlated with the drug's ability 
to interfere with propagation of both LCMV and LASV in cultured cells.**4 

Advances in arenavirus molecular genetics have also enabled the generation of 


recombinant arenaviruses expressing a variety of reporter genes that can be used in high- 
throughput screens to rapidly identify drugs that inhibit arenavirus multiplication, including 


LASV and JUNV.42:99:101,274,402 These cell-based infection screens can be used for drug 


repurposing approaches!®°.*©° with the appeal that significantly less time and resources are 
required to advance a candidate drug to the clinic. 


Antibody Therapy 


Treatment of JUNV infections with convalescent plasma has been studied in humans and 
experimental animals and is quite effective, with reduction of mortality from 15% to 30% to 


1% to 2% if initiated within the first 8 days of illness.!°°74* About 10% of patients treated 


with convalescent plasma may later (3-6 weeks) exhibit neurologic signs including fever, 
headache, cerebellar tremor, and cranial nerve palsies. This late neurological syndrome is 
usually self-limited. These patients exhibit higher and later peaks of serum antibody titers, 
and increased serum/CSF antibody ratios, compared to treated patients who do not develop 
neurologic symptoms, suggesting the prior invasion of the CNS by virus. 


Studies in animals suggest that passive antibody therapy would probably be useful to 
treat MACV and GOTV infections.%°7°! Early studies in animal models of LF required 
higher titers of virus-specific antibodies than MACV and GTOV infections, and treatment 
feasibility was contingent on availability of highly active preparations.!®?-!°* Experimental 
studies of passive protection by monoclonal antibodies have been successful in LCMV 
infection models.!?-!44°° Importantly, LASV GPC-specific recombinant human monoclonal 
antibodies derived from survivors of LF with strong neutralization profiles in cell-based 
assays exhibited robust therapeutic efficacy in a domesticated guinea pig model of LASV 
infection. These data support the feasibility of antibody-based therapy against LF.” 
Interestingly, the characterization of these antibodies revealed that most of them target 
quaternary epitopes that are displayed only in the context of the prefusion GPC trimer.**! In 
contrast, in NW mammarenavirus infections, the GP1 subunit alone is the main target of 
neutralizing antibodies that act by blocking GP1 binding to TfR1.*4142°-42! Immune plasma 
therapy of LF is known to be complicated by a high prevalence of HIV-1 and Plasmodium 
spp. in the Western African population.®? 


Vaccines 


The JUNV live attenuated Candid #1 strain was generated by serial passages of the JUNV XJ 
strain in laboratory mouse brains. The safety, immunogenicity, and protective efficacy of 
Candid #1 were demonstrated in preclinical studies in both domesticated guinea pigs and 
rhesus monkeys (Macaca mulatta Zimmermann, 1780).*°'*°* Vaccination campaigns 
targeting agricultural workers in the JUNV-endemic area have shown Candid #1 to be an 
effective and safe vaccine in humans,***.°® and it was licensed in 2006 for use exclusively in 
Argentina. Some concerns about the Candid #1 vaccine are the limited information about the 
viral determinants and mechanisms of Candid#1 attenuation and its potential genetic 
instability illustrated by a 1,000-fold range of virulence among Candid #1 clone isolates from 
blood of vaccinated rhesus monkeys. !” 


Among known mammarenaviruses, LASV poses the most concern to human health due 
to morbidity and lethality associated with LF together with the vast LASV-endemic regions 
and size of the population at risk in Western Africa. Accordingly, LF has been included on 
the revised list of priority diseases of the WHO R&D Blueprint, and therefore, accelerated 
research and development for LASV vaccine is encouraged.**°° The target product profile 
from WHO seeks a preventive LASV vaccine for healthy adults and children that would 
protect against strains from major lineages I to [V of LASV.*? In addition, the vaccine should 
meet WHO prequalification criteria, including low cost, high efficacy, and thermostability, 


and be environmentally and user-friendly. 


Studies involving LF survivors and animals experimentally infected with LASV indicate 
that early and robust virus-specific CD4* and CD8* T-cell responses,!*!!®-'48 rather than the 
presence of neutralizing antibodies, which appear late after infection and at low titers,°°° are 
the best correlates of recovery and protection. Accordingly, in experimentally vaccinated and 
exposed crab-eating macaques (Macaca fascicularis Raffles, 1821), depletion of CD8* T 
cells abolished protection of vaccinated monkeys, whereas CD4* T-cell depletion resulted in 
partial protection.''* LASV-specific antibodies can be detected in individuals shortly after 
recovery from LF, but become undetectable after several months,''? whereas these LF 
survivors retain robust LASV-specific CD4* T-cell responses.'*° Although antibodies do not 
appear to contribute to viral control and recovery during acute LASV infection, neutralizing 
monoclonal antibodies genetically engineered from B cells of LF survivors can be 
successfully used for immunotherapy.’***! These data suggest that an ideal LASV vaccine 
should trigger both long-term robust cell-mediated immunity (CMI) and humoral responses 
following a single immunization. These responses are often induced by live attenuated 
vaccines (LAV); LAV, therefore, represent a highly promising approach to control LF. 


LASV LAV candidates based on vaccinia virus,!+°°!!8 vesicular stomatitis Indiana virus 


(VSIV),!°9!98 Mopeia virus (MOPV),?*>7°* ML29,7°0725 and yellow fever virus 17D°°!88 
vectors and alphavirus replicons*!»*°° have been tested in NHPs.!°”72!252 The Coalition for 
Epidemic Preparedness Innovations (CEPI) (http://cepi.net) was created as a nonprofit 
organization to accelerate vaccine development against emerging epidemic infections when 
the commercial market is insufficient to justify private investment.*!* One of the LASV 
vaccine candidates supported by CEPI is based on a measles virus vector that has shown 
promising results in human clinical trials providing antibody-based protection.**° Whether 
this platform would be effective for development of a vaccine against LASV with 
predominant T cell-mediated mechanism of protection remains to be determined. Another 
CEPI-supported platform is DNA-based immunization, an approach that is efficacious in the 
crab-eating macaque model of LF.°° However, it may take years for the advances in plasmid 
formulations and subsequent delivery required for licensure of the first DNA vaccine against 
LF. 


Two additional CEPI-supported platforms are recombinant VSIV (rVSIV)-based LASV 
vaccines. The first one, “rVSVAG/LASV-GPC,” uses the same concept behind the design of 
the “rVSVAG/ZEBOV-GP” vaccine that showed promise in a ring vaccination trial against 
Ebola virus disease in Guinea. The vaccine's detailed efficacy profile remains to be 
determined.!>-!%.28 A single injection of “rVSV/LASV-GPC” experimental vaccine, in 
which VSIV G was replaced with LASV-GPC, fully protected guinea pigs and NHPs against 
LASV strains from the same clade.!?°*4° The “rVSVAG/LASV-GPC” immunization did not 
induce detectable T-cell responses before virus exposure, and low IgG humoral responses 
detected by ELISA were found in three of four vaccinated animals. After LASV exposure, 
neutralizing antibodies were detected in all four macaques. Despite these promising results, 


there are still some safety concerns because of reported side effects in individuals vaccinated 
with “rVSVAG/ZEBOV-GP.” These side effects included postvaccination arthritis, vector 
RNAemia, and detection of infectious vaccine virus in the skin of vaccinated individuals.!”? 
The other rVSIV-based LASV vaccine candidate is based on the VesiculoVax platform 
licensed by Profectus BioSciences. This platform was developed to further improve safety of 
rVSIV vector by N gene translocation and truncation of the VSIV G cytoplasmic tail (CT1). 
The attenuated rVSV-N4CT1 vector is immunogenic in NHPs and induces only mild 
inflammatory response after intrathalamic inoculation.™ 


A number of other LASV vaccine platforms are in preclinical development. The 
reassortant ML29, an LAV vaccine, carries the L segment from nonpathogenic MOPV and 
the S segment from LASV strain Josiah. This vaccine induces, after single immunization in 
domesticated guinea pigs, a robust cross-reacting and protective, sterilizing cell-mediated 
immune response against strains from distantly related LASV lineages.°*7°° In addition, 
ML29 is highly stable and safe in animal models of LF, including immunocompromised 
NHPs.*!®4!9 This finding is relevant because the LASV vaccine target population will likely 
include individuals with some degree of undiagnosed immunosuppression due to the high 
prevalence of malaria and HIV-1 infections in Western Africa. The use of a trisegmented (r3) 
mammarenavirus platform’? would allow the incorporation into attenuated forms of ML29 of 
additional antigens from distantly related LASV strains to expand the cross-protection range. 
Progress in arenavirus molecular genetics can also facilitate the incorporation of additional 
safety measures into LASV LAVs, including the use of codon deoptimization®? and 
reorganization of the coding? and noncoding IGRs.'’’ These strategies result in the 
generation of highly attenuated and stable versions of LCMV that are able to induce 
protective immunity against otherwise lethal exposure with wild-type LCMV. 


PERSPECTIVE 


Since the fortuitous discovery of LCMV more than 70 years ago, arenaviruses have served as 
important model systems for the study of host—virus interactions. These studies illuminate a 
wide range of principles, including persistent infection, virus-induced immunopathological 
disease, cytotoxic T-cell recognition, and immunologic memory. Despite this wealth of 
knowledge, arenavirus infections of humans remain a significant public health risk in much 
of the world. Prospects for control of these diseases remain remote due to poor diagnostic 
protocols and sparse resource allocation for vaccine development and other control measures. 
Recent laboratory developments have advanced our understanding of arenavirus structure 
and biology. New vistas have been opened into arenavirus prevalence and distribution as a 
result of the application of deep-sequencing protocols applied to this interesting group of 
viruses. As the application of new approaches to antivirals and vaccines targeting 
arenaviruses continues, the lessons learned may provide a useful model for other 
geographically localized viral diseases where the knowledge exists, but where the financial 
resources for control or eradication are limited. 
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viral RNA synthesis in 
structure of, virion 
structural proteins in 
virus and nucleocapsid in 
treatment of 
Cosavirus 
Coupling, mutational 
Cowbone Ridge virus (CRV) 
Coxsackievirus B (CVB) 
clinical features of 
cardiac disease in 
diabetes in 
herpangina in 
meningitis and encephalitis in 
muscle disease in 
in neonates and infants 
diagnosis of 
epidemiology of 
demographics 
molecular 
prevalence and disease incidence 
transmission 
infectious agent in 


pathogenesis and pathology of 
immune response in 
persistence in 
virulence 
Coxsackievirus B3 (CVB3) 
Coxsackieviruses (CV) 
clinical features of 
cardiac disease in 
eye infections in 
herpangina in 
respiratory infections in 
epidemiology of 
demographics in 
molecular 
transmission in 
history of 
host range of 
pathogenesis and pathology of 
cell and tissue tropism in 
spread in host in 
treatment of 
3CPro 
Crimean-Congo hemorrhagic fever virus (CCHFV) 
clinical features of 
diagnosis of 
distribution and significance 
epidemiology and epizootiology of 
pathogenesis and pathology of 
perspectives of 
prevention and control of 
treatment of 
Cuevaviruses 
Culex flavivirus (CXFV) 
Culex mosquitoes 
Culex quinquefasciatus mosquitoes, St. Louis encephalitis virus 
Culex tritaeniorhynchus mosquitoes, JEV infection 
Japanese encephalitis virus infection 
West Nile virus infection 
Cutter incident 


CV. See Coxsackievirus B (CVB) 

CVB. See Coxsackievirus B (CVB) 
Cytokine IL-10, influenza virus response 
Cytokines/Chemokines/ITAMs 
Cytopathic effect 


D 
D protein, in paramyxoviruses 
DAA. See Direct-acting antivirals (DAA) 
Dakar bat virus (DBV) 
Dating 
molecular clock 
time scale of virus evolution 
DC-SIGN, in Orthomyxoviridae 
Decay-accelerating factor (DAF, CD55) 
Deer-tick virus (DTV) 
Defective interfering (DI) particles 
A-peptide 
Dendritic cells 
Dengue hemorrhagic fever (DHF) 
Dengue shock syndrome (DSS) 
Dengue virus (DENV) 
animal models of 
mouse models 
nonhuman primate model 
causes 
clinical features 
acute dengue fever 
severe dengue See (Severe dengue) 
diversity among strains 
global distribution 
history 
life cycle of 
vaccines 
live attenuated tetravalent vaccines 
NIAID tetravalent vaccine candidate 
takeda tetravalent vaccine candidate 
Dengue virus, types 1-4 (DENV-1 to DENV-4) 
Dengvaxia® 
DENV. See Dengue virus (DENV) 


Dermacentor andersoni ticks 

DExH-box helicase DHX29 

DI particles 

Dianloviruses 

DII-FL epitopes 

DIII-LR epitopes 

Direct-acting antivirals (DAA) 
availability of 
mechanism of action 
rapid evolution of 

Diseases of development 

DNA polymerase 
DNA-dependent 
RNA-dependent 

Dobrava virus (DOBV) 

Dogs, influenza viruses infection 

3DPo! 

Duplication, gene, in virus evolution 


E 
E protein (glycoprotein), in flaviviruses 
Eastern equine encephalitis (EEE) 
clinical features and pathology of 
diagnosis of 
enzootic transmission cycle 
epidemiology of 
epidemics in 
geographic distribution in 
molecular 
morbidity and mortality in 
history of 
prevention and treatment of 
veterinary correlates, host range, and animal models of 
virulence of 
Eastern equine encephalitis virus (EEEV). See also Alphaviruses; Togaviridae (togaviruses) 
alphaviruses 
capsid protein, schematic representation of 
cryo-EM structure of 
history of 
monoclonal antibodies against 


vaccine 
Ebola virus (EBOV) 
Echovirus 71 (EV71) 
clinical features of 
flaccid paralysis in 
herpangina in 
meningitis and encephalitis in 
diagnosis of 
epidemiology of 
pathogenesis and pathology of 
perspectives on 
vaccines for 
Echoviruses 
clinical features of, meningitis and encephalitis in 
epidemiology of 
molecular 
history of 
host range of 
Edge Hill virus (EHV) 
EEE. See Eastern equine encephalitis (EEE) 
EEEV. See Eastern equine encephalitis virus (EEEV) 
eIF4G cleavage, in picornaviruses 
Eigen’s paradox 
Encephalitis 
from alphaviruses See also (specific viruses) 
eastern equine encephalitis 
Venezuelan equine encephalitis 
western equine encephalitis 
from coxsackievirus B 
from echoviruses 
from enteroviruses 
Encephalomyelitis, from alphaviruses 
Endocytosis, picornavirus 
caveolin- and clathrin-independent 
caveolin-mediated 
clathrin-mediated 
Endogenous virus elements (EVEs) 
Endogenous viruses, in virus evolution time scale 
Endosomal sorting complexes required for transport (ESCRTs) 
Entebbe bat virus (ENTV) 


Enterovirus 
Enteroviruses (EV) 
clinical features of 
amyotrophic lateral sclerosis in 
cardiac disease in 
clinical syndromes in 
diabetes in 
in enterovirus species A 
in enterovirus species B 
in enterovirus species C 
in enterovirus species D 
eye infections in 
general features in 
hand-foot-and-mouth disease in 
herpangina in 
meningitis and encephalitis in 
muscle disease and pleurodynia in 
in neonates and infants 
in poliomyelitis 
in postpolio syndrome 
respiratory infections in 
diagnosis of 
differential and presumptive 
laboratory 
antibody tests in 
molecular 
virus isolation in 
epidemiology of 
demographics in 
molecular 
prevalence and disease incidence in 
transmission in 
history of 
infectious agents in 
antigenic characteristics and taxonomy of 
cell culture propagation and assay of 
host range of 
other picornaviruses in 
physical and chemical properties of 
pathogenesis and pathology of 


cell and tissue tropism in 
host entry in 
immune response in 
adaptive immunity 
innate immunity 
persistence in 
primary replication site in 
release from host in 
spread in host in 
virulence in 
perspectives on 
prevention and control of 
poliovirus vaccine and eradication in 
treatment in 
vaccines in 
Env (envelope, E) protein/glycoprotein. See also specific viruses 
in coronaviruses 
flaviviruses 
in hepaciviruses 
paramyxoviruses 
attachment protein 
fusion proteins See also (F (fusion) protein/glycoprotein, in paramyxoviruses) 
general characteristics of 
SH protein 
in paramyxoviruses See also (under Paramyxoviridae (paramyxoviruses)) 
Enviroxime 
Epistasis 
Equivac® HeV 
Erbovirus. See also Enteroviruses (EV); Picornaviridae 
ER-Golgi intermediate compartment (ERGIC) 
Error catastrophe 
Error threshold, breaching of 
Escaped gene theory 
European brown hare syndrome virus 
EV. See Enteroviruses (EV) 
EV71. See Echovirus 71 (EV71) 
Everglades virus (EVE). See also Alphaviruses 
EVEs. See Endogenous virus elements (EVEs) 
Evolution, virus 
experimental and comparative approaches 


genome, patterns and processes of 
gene duplication in 
genome organization in 
genome size in 
lateral gene transfer in 
modular evolution in 

history 

metagenomic and 

next-generation sequencing 

origin of 

phylogenetic methods 

processes of 
evolutionary interactions in 
mutation and nucleotide substitution in 
natural selection and genetic drift in 
natural selection or genetic drift 
recombination in 
RNA virus quasispecies in 
synonymous site 
transmission bottlenecks on viral diversity 

recombination in 

time scale of 

Evolutionary interactions 
Extinction threshold 


F 
F (fusion) protein/glycoprotein, in paramyxoviruses 
atomic structures of 
class I 
general mechanism for 
helical hairpin and 
retroviruses 
general properties and structure of 
membrane fusion mediated by 
attachment protein activity 
cleavage activation in 
HN activation of F protein for 
mechanism of 
in membrane fusion, models of 
pre- vs. postfusion F structures 


refolding of 
Fatigue, type I interferon alpha 
Favipiravir (T-705) 
Febrile syndrome, TBEV infection 
Feline calicivirus (FCV) 
causes 
structure of 
Feline calicivirus-VS 
Feline enteric coronaviruses (FCoV) 
Feline infectious peritonitis (FIP) 
Ferrets, influenza A and B infection 
Filoviridae (filoviruses) 
classification of 
clinical features of 
diagnosis of 
differential 
laboratory 
epidemiology of 
genome expression products 
large protein 
matrix protein 
nucleoprotein 
polymerase cofactor (VP35) 
ribonucleoprotein complex components 
transcriptional activator (VP30) 
VP24 
genomic organization 
GP gene expression products 
A-peptide 
glycoprotein 
GP, 
secondary secreted glycoprotein 
secreted glycoprotein 
shed glycoprotein 
history of 
cuevaviruses 
dianloviruses 
ebolaviruses 
Marburgviruses 


striaviruses 
thamnoviruses 
pathogenesis and pathology of 
host entry 
immune response 
intrahost distribution and pathologic consequences 
persistence— 
virulence 
perspective of 
prevention of 
replication stages of 
assembly and budding 
filovirion cell-surface attachment and host cell entry 
genome replication and transcription 
treatment of 
virion structure of 
5’ end-dependent mRNA translation, picornavirus inhibition of 
Flaccid paralysis 
from coxsackievirus A 
from echovirus 71 
from enteroviruses 
from poliomyelitis 
from poliomyelitis vaccine 
Flaviviridae 
characteristics and life cycle of 
classification and phylogenetics of 
flaviviruses 
hepaciviruses 
history of 
pegiviruses 
perspectives on 
pestiviruses 
Flavivirus vaccines 
Japanese encephalitis virus 
tick-borne encephalitis virus 
yellow fever virus 
Flaviviruses 
animal models of, pathogenesis and disease 
Dengue virus 
West Nile virus 


yellow fever virus 
Zika virus 
attachment 
entry into mammalian cells 
interactions between glycosaminoglycans and 
lectins 
phosphatidylserine receptor family 
binding and entry of 
cell biology of entry via clathrin-mediated endocytosis 
characteristics and life cycle of 
classification 
classification of 
clinical and pathologic syndromes of 
dengue virus See (Dengue virus) 
Japanese encephalitis virus 
St. Louis encephalitis virus 
tick-borne encephalitis viruses 
West Nile virus 
yellow fever virus 
Zika virus 
composition of 
assembly and structure 
structural proteins 
subviral particles 
virion heterogeneity and dynamics 
dissemination in 
neurotropic viruses 
viscerotropic viruses 
fundamentals of 
global distribution of 
groups of 
history of 
humoral immunity 
antibody-dependent enhancement of infection 
antibody-mediated neutralization 
antigenic structure 
repertoire of antibodies elicited in vivo 
immune control, mechanisms of 
cell-intrinsic immunity 
cellular innate immunity in 


chemokines 
complement activation 
immune evasion of 
class I MHC and NK cell evasion 
complement pathway by NS1 
type I IFN pathway 
insect-specific 
molecular phylogeny and evolution 
mosquito-borne 
no known vector group 
physologenetic relationships within genus 
tick-borne 
proteins of, nonstructural 
NS1 glycoprotein 
NS3 protein 
NS5 protein 
NS2A and NS2B proteins 
NS4A and NS4B proteins 
proteins of, structural 
C protein 
envelope glycoprotein 
membrane glycoprotein prM 
recombination evolution in 
replication cycle of 
replication organelle, ultrastructure and biogenesis of 
RNA replication in 
assembly and release in 
general features of 
T-cell-mediated control 
CD4* CD25*FoxP3" regulatory T cells 
CD4" T cells 
CD8*" T cells 
translation and proteolytic processing of 
tropism 
vaccines See (Vaccines) 
virion structure and physical properties in 
Foot-and-mouth disease virus (FMDV). See also Enteroviruses (EV); Picornaviridae 
(picornaviruses) 
quasispecies in 


Fort Morgan (FM) virus. See also Alphaviruses 
Fowl plague 
Furin 


G 
Gadgets Gully virus (GGYV) 
Gastroenteritis 
from coronaviruses 
etiology 
from norovirus 
GB virus B (GBV-B) 
GB virus D (GBV-D) 
Gene, viral. See also specific genes and viruses 
duplication of, in virus evolution 
Genetic drift 
Genome 
host, virus genome segments in 
segmented, evolution of 
size of 
evolution of 
mutation rate and 
variability in 
Genome expression products, in Filoviridae (filoviruses) 
large protein 
matrix protein 
nucleoprotein 
polymerase cofactor (VP35) 
ribonucleoprotein complex components 
transcriptional activator (VP30) 
VP24 
Getah (GET) virus. See also Alphaviruses 
Giraffe pestivirus (GPeV) 
Glycoprotein, in Filoviridae (filoviruses) 
Glycosaminoglycans (GAGs) 
GP gene expression products, in Filoviridae (filoviruses) 
A-peptide 
glycoprotein 
GP, 
secondary secreted glycoprotein 
secreted glycoprotein 


shed glycoprotein 
Guanarito virus (GTOV). See also Arenaviridae (arenaviruses) 
antibody therapy 
clinical features 
diagnosis 
diagnosis of 
history 
as human pathogens 
Guereza hepacivirus (GHV) 
Guillain-Barré syndrome (GBS) 
Guinea pigs, influenza A and B infection 


H 
HA protein. See Hemagglutinin (HA) protein 
Hand-foot-and-mouth disease 
Hantaviridae family 
HCV. See Hepatitis C virus (HCV) 
HCV-CD81-CLDN complex 
HCV-CD81 complexes 
HCV pseudoparticle (HC Vpp) system 
Heartland virus (HRTV) 
clinical features of 
diagnostics of 
distribution and significance of 
epidemiology of 
pathogenesis and pathology of 
perspectives of 
prevention and control of 
Heine-Medin disease 
Hemagglutinin-esterase fusion 
Hemagglutinin-esterase (HE) protein, in coronaviruses 
Hemagglutinin (HA) protein 
antigenic drift of 
cleavage in 
glycosylation in 
host cell-mediated selection of antigenic variants 
in influenza A and B viruses 
antigenic determinants 
antigenic determinants in 
influenza C and D viruses 


M2 protein 
structural features 
structural features in 
receptor specificity 
of avian influenza viruses 
of human influenza viruses 
of influenza viruses 
sialic acid receptors in 
avian species 
human 
other mammals 
terrestrial poultry in new emergence influenza viruses 
Hemorrhagic fever with renal syndrome (HFRS) 
clinical features of 
differential diagnosis of 
epidemiology and ecology of 
human infections 
prevention and control of 
Hemorrhagic fevers 
argentinian 
clinical illness, JUNV strain 
diagnosis of 
epidemiology 
history 
laboratory studies 
pathogenesis 
prevalence 
Bolivian 
clinical features 
diagnosis 
epidemiology 
hepatic petechiae 
history 
interstitial pneumonia 
New World (NW) mammarenaviral 
clinical features 
diagnosis 
Venezuelan 
clinical features 
epidemiology 


as human pathogens 
interstitial pneumonia in 
Hendra virus (HeV). See also Henipavirus 
Henipavirus (henipaviruses). See also Paramyxoviridae (paramyxoviruses) 
clinical features of 
acute 
incubation period in 
infection outcome in 
diagnostic evaluation 
enzymelinked immunosorbent assay 
in humans and animals 
laboratory investigation 
liquid protein array multiplex test 
pseudotype virus 
quantitative real-time PCR 
serologic tests 
epidemiology of 
age in 
epidemics in 
genetic diversity of 
morbidity and mortality in 
genetic map and schematic diagram of 
history of 
infectious agent in 
cell culture propagation and cytopathic effect of 
classification of 
genome length and organization in 
host range of 
proteins in, virus 
virus morphology in 
P gene open reading frames in 
pathogenesis and pathology of 
immune response in 
persistence 
release from host and transmission 
site of primary replication 
transmission mode 
virulence 
virus spread and cell and tissue tropism 
perspective 


prevention and control of 
drugs and small molecules 
passive immunization 
peptide inhibitors in 
vaccines 
translations ORFs from RNA editing of P gene transcription in 
Henipaviruses vaccines 
Hepacivirus 
Hepacivirus 
Hepacivirus G 
Hepaciviruses 
binding and entry of 
classification of 
genome structure 
proteins of, nonstructural 
NS2 protein 
NS3 protein 
NS4A and NS4B proteins 
NSSA protein 
NSSB protein 
p7/p13 proteins 
proteins of, structural 
C protein 
envelope glycoproteins 
replication organelle, ultrastructure and biogenesis of 
RNA replication 
translation and proteolytic processing in 
virion structure and physical properties in 
virus assembly 
Heparan sulfate (HS) 
alphavirus binding to 
cell receptors for picornaviruses 
isolation of EEEV 
proteoglycan 
Hepatitis A virus (HAV). See also Picornaviridae (picornaviruses) 
Hepatitis C virus (HCV) 
clinical features of 
acute infection 
chronic infection 
diagnosis of 


differential diagnosis 
laboratory 
prevention and control 
epidemiology of 
global burden, incidence and prevalence 
global molecular 
morbidity and mortality 
transmission 
United States prevalence and incidence 
history of 
infectious agent of 
classification 
genetic diversity and evolution 
particle morphology 
replication cycle 
pathogenesis and pathology of 
cell and tissue tropism 
entry into the host 
immune response 
spread 
perspective of 
recombination evolution in 
Hepatitis C virus pseudoparticles (HCVpp) 
Hepatocellular carcinoma 
Hepatovirus. See also Enteroviruses (EV); Picornaviridae 
Hepegivirus (HHPgV) 
Herpangina 
Herpesviridae (herpesviruses) 
HeV, Hendra virus (HeV) 
HeV-sG vaccine 
HFRS. See Hemorrhagic fever with renal syndrome (HFRS) 
Highlands J (HJ) virus. See also Alphaviruses 
HIV-1. See Human immunodeficiency virus 1 (HIV-1) 
H3N2 avian influenza 1968 Hong Kong pandemic 
H2N2 influenza, Asian epidemiology of pandemic of 
H1N1 influenza epidemiology 
in 1918/1919 Spanish influenza pandemic 
in 2009 pandemic 
in 1977 Russian reemergence 
HN (hemagglutinin-neuraminidase) protein 


HoBi-like pestivirus (HoBiPeV) 
Hom-1 virus 
Hong Kong influenza pandemic, H3N2 
Hooks 
Horses, influenza viruses infection 
Host cell interactions, with influenza virus 
accessory proteins role 
cellular functions 
NS1 protein 
host mRNA processing, inhibitions of 
of influenza B virus (B/NS1) 
of influenza C virus (C/NS1) 
interactions with host cell factors 
interferon synthesis, inhibitions of 
segment 
structural features 
PA-X protein 
PB1-F2 protein 
Host defense mechanisms, against influenza virus infections 
genome-wide association studies 
interferon-stimulated gene 15 (ISG15) 
interferon—inducible transmembrane (IFITM) proteins 
microRNAs (miRNAs) 
mitogen-activated protein kinase (MAPK) signaling pathways 
Mx proteins 
Host switching, preferential 
Host-targeting agents (HTA) 
HRTV. See Heartland virus (HRTV) 
HS. See Heparan sulfate (HS) 
Huangjiao virus (HUJV) 
Human coronavirus infections 
associated with respiratory and enteric disease 
MERS-CoV infections 
SARS-CoV infections 
Human coronaviruses 
Human immunodeficiency virus 1 (HIV-1) 
nucleotide sites evolution in 
quasispecies in 
recombination evolution in 
transmission bottlenecks on viral diversity 


Human immunodeficiency virus, nucleotide substitution in 
Human parainfluenza virus type 3 (HPIV3). See also Paramyxoviridae (paramyxoviruses) 
fusion (F) protein in 
Human parechoviruses (HPeVs) 
Human respiratory syncytial virus (HRSV). See also Paramyxoviridae (paramyxoviruses) 
Humans, influenza virus infection 
antigenic drift of 
HA protein 
of NA protein 
antigenic shift 
avian influenza viruses See (Avian influenza viruses) 
definition 
H1N1 and H3N2 viruses 
influenza disease burden 
seasonality 
surveillance 
transmission among humans 
Humoral immune response, in hepatitis C virus 
Humoral immunity, flaviviruses 
antibody-dependent enhancement of infection 
antibody-mediated neutralization 
antigenic structure 
antibodies, bind the prM protein 
E protein epitopes 
NS1-reactive antibodies 
repertoire of antibodies elicited in vivo 
Hydrophobic pocket, in Picornaviridae 
Hypervariable region 1 (HVR1) 


I 

I protein, in paramyxoviruses 

IC51/IXIARO vaccine 

ICAM-1, in picornaviruses 

Ilheus virus (ILHV) 

Imjin virus 

Immune control, flaviviruses 

cell-intrinsic immunity 

flavivirus resistance by type I IFN induced genes 
flaviviruses by host sensors, recognition and control of 
inflammasome 


type I IFN signaling pathway 
type IIT IFN signaling pathway 
cellular innate immunity in 
dendritic cells 
y6 T cells 
mast cells 
monocytes and macrophages 
natural killer cells 
neutrophils 
chemokines 
complement activation and 
pathologic effects 
protective activity 
Immune evasion, flaviviruses 
class I MHC and NK cell evasion 
complement pathway by NS1 
type I IFN pathway 
Immune response, in Hantaviruses 
Immunity, in hepatitis C virus 
Immunotherapy, for henipaviruses 
Inactivated vaccines, flavivirus 
Infants 
coxsackievirus B in 
enteroviruses in 
poliovirus in 
Infectious salmon anemia virus 
Inflammasome, in influenza virus infection 
Inflammatory myopathies, chronic, causes of, potential 
Influenza A virus 
classification of 
crystallographic structures of 
evolution of 
geographic segregation in 
host-specific amino acids 
host-specific lineages in 
in influenza B and C viruses 
quasispecies in 
rates of 
reassortment in 
genome structure and organization of 


hemagglutinin (HA) in 
antigenic determinants in 
structural features in 
phylogeny of 
replication stages of 
reservoir 
structure of, virion 
Influenza B virus 
classification of 
clinical features and pathogenesis of 
evolution of 
genome structure and organization of 
hemagglutinin (HA) in 
antigenic determinants in 
structural features in 
phylogeny of 
replication stages of 
Influenza C virus 
classification of 
clinical features and pathogenesis of 
evolution of 
genome structure and organization of 
replication stages of 
Influenza virus vaccines 
cellular target epitopes 
currently available 
avian influenza viruses 
live attenuated influenza 
protein-based or inactivated 
effectiveness studies 
age-specific estimates of 
comparisons of efficacy of live and inactivated vaccines 
immunologic mechanisms 
observational approaches 
prior vaccination effects 
in Untied States 
using test-negative design 
efficacy studies 
intramuscular protein vaccines 
live attenuated influenza vaccine 


immune responses to 
intramuscular protein vaccines 
live attenuated influenza vaccines 
maternal immunization 
M2e antibody—mediated protection 
for pandemic influenza 
protection against multiple antigenic variants 
recommendations for vaccine use 
safety 
intramuscular protein vaccines 
live attenuated influenza vaccines 
secondary protection 
stalk-directed antibodies 
Influenza viruses (orthomyxoviruses) 
adaptive immune responses in 
cellular immunity in 
humoral immunity in 
mucosal antibody response in 
antiviral agents 
combination therapy 
FluDase (DAS181) 
JNJ63623872 (VX-787) 
M2 ion channel inhibitors 
monoclonal antibodies 
neuraminidase inhibitors See (Neuraminidase (NA) inhibitors, influenza viruses) 
Nitazoxanide (NT-300) 
polymerase inhibitors 
causes 
classification of 
clinical features and pathogenesis of, in humans 
age and gender factors 
infection during pregnancy 
infection in immunosuppressed patients 
for influenza B and C virus 
lower respiratory tract complications See (Pneumonia, influenza virus) 
pathology and pathophysiology 
pattern of virus shedding 
physical findings 
symptoms 
toxic shock syndrome 


diagnosis 
clinical 
polymerase chain reaction—based tests 
rapid influenza diagnostic tests 
rapid nucleic acid amplification tests 
virus isolation 
epizoology and pathogenesis in animals 
in bats 
in birds 
in cats 
in dogs 
experimental infections in 
in horses 
in mink 
in seals and whales 
in swine 
evolution of 
geographic segregation in 
host-specific amino acids in 
host-specific lineages in 
in influenza B and C viruses 
quasispecies in 
rates of 
reassortment in 
genetics of 
defective interfering viral RNAs and particles 
reassortment in 
recombination in 
reverse genetics in 
genomes of 
A/Puerto Rico/8/34 virus 
B/Lee/40 virus 
isavirus (infectious salmon anemia virus) 
quaranjavirus 
Thogoto virus 
hostrange restriction and pathogenesis, molecular determinants of 
HA protein See (Hemagglutinin (HA) protein) 
NA protein in 
NS1 protein in 
PB1-F2 protein in 


replication complex (PB2, PB1, and PA) in 
in humans, epidemiology 
antigenic drift in 
antigenic shift 
influenza disease burden 
seasonality 
surveillance 
transmission among humans 
innate immune responses to 
host defense mechanisms 
NS1 role in host immune response 
PA-X protein 
PB1-F2 protein in 
mRNA synthesis 
CRNA and vRNA, replication products 
host cell interactions in 
polyadenylation in 
reverse genetics in 
splicing in 
transcription to replication switch in 
viral gene expression regulation 
nomenclature of 
genera 
seroarcheology 
virus isolation in 
virus propagation in 
nucleocapsids of 
pandemics of, past 
1918/1919 Spanish influenza (H1N1) 
1957 Asian influenza (H2N2) 
1968 Hong Kong influenza (H3N2) 
1977 Russian influenza (H1N1 reemergence) 
cycles of, influenza A 
definition of 
H1N1 pandemic (2009) 
perspectives on 
proteins in 
HA (hemagglutinin) 
HEF of influenza C and D viruses in 
M1 (matrix) protein 


NA (neuraminidase) 
replication stages 
attachment in 
cycle 
entry in 
fusion and uncoating in 
transcription and replication of 
reverse genetics 
seasonal epidemics 
structure of, virion 
surveillance for 
transcription and replication 
nuclear import of ribonucleoproteins 
overview 
RNA polymerase complex 
viral ribonucleoprotein template 
vRNA promoter 
transmission of avian virus to humans 
infections of humans with H5 viruses of the A/goose/Guangdong/1/1996 Lineage 
with low and highly pathogenic H7N9 viruses 
with other avian influenza viruses 
transmission of swine influenza to humans 
virus inhibitors in 
attachment and uncoating inhibitors in 
cellular factor inhibitors in 
inhibition of attachment and uncoating 
neuraminidase inhibitors in 
replication complex inhibitors in 
Innate immune responses 
antagonism of 
effectors of 
in hepatitis C virus 
evasion 
inflammasome activation 
interferon-stimulated gene responses 
NK cell responses 
type I IFN polymorphisms 
type III IFN polymorphisms 
Innate immune responses, influenza viruses 
actions of cellular proteins 


host defense mechanisms 
genome-wide association studies 
interferon-stimulated gene 15 (ISG15) 
interferon—inducible transmembrane (IFITM) proteins 
microRNAs (miRNAs) 
mitogen-activated protein kinase (MAPK) signaling pathways 
Mx proteins 
IFN-signaling pathways 
inflammasome activation 
NS1 role in host immune response 
PA-X protein 
pathogen recognition receptor in 
PB1-F2 protein in 
Insect-specific flaviviruses 
Integrins, in picornavirus 
binding of 
receptors for 
Interferon (IFN) 
alphavirus induction of 
antagonism 
signaling in influenza viruses 
Interferon-stimulated genes (ISGs) 
Interferon type 1 (T1IFN) response, in poliovirus 
Interferon—induced transmembrane (IFITM) proteins, in influenza virus innate immune 
responses 
Internal ribosome binding, in picornaviruses, via IRES 
fundamentals of 
mechanisms of 
Internal ribosome entry site (IRES) 
in encephalomyocarditis virus 
in enteroviruses 
in flaviviruses 
in hepatitis C virus 
in pestivirus 
in picornavirus 
in poliovirus 
Intra- and interhost viral diversity 
Intravenous immunoglobulin ([VIG), for enteroviruses 
IRES. See Internal ribosome entry site (IRES) 
Isavirus (infectious salmon anemia virus) 


anti-interferon proteins of 

genome structure and organization of 
Israel turkey meningoencephalomyelitis virus (ITV) 
Ixodes cookei ticks 
Ixodes scapularis deer ticks 


J 
JAK-STAT signaling pathway, in alphaviruses 
Japanese encephalitis virus (JEV) infection 
arthropod-transmitted viral encephalitis 
clinical features 
enzootic cycle of 
global distribution 
history 
transmission cycle 
vaccines 
BIKEN vaccine 
IC51/TXIARO vaccine 
live attenuated 
mouse brain-derived 
SA14-14-2 
Jeilongvirus 
Jena virus 
JEV infection. See Japanese encephalitis virus (JEV) infection 
Jugra virus (JUGV) 
Junction adhesion molecule-1 (JAM-1), in calcivirus attachment 
Junin virus (JUNV). See also Arenaviridae (arenaviruses) 
antibody therapy 
diagnosis of 
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Espindola strain 
history 
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JUNV. See Junin virus (JUNV) 
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Kaplan criteria, for norovirus 

Kedougou virus (KEDV) 

Kobuvirus. See also Enteroviruses (EV); Picornaviridae 
Kokobera virus (KOKV) 
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Liposomes, in flaviviruses 
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antibody therapy 
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medical management 
mode of transmission 
prevalence 
strains 


M 
M (membrane) protein, in coronaviruses 
M2 (matrix) protein, in influenza viruses 
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M-segment strategies 
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Marburg virus (MARV) 


Marburgviruses 
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TBEV infection 
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Metapneumovirus. See also Paramyxoviridae (paramyxoviruses) 
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Middleburg (MID) virus. See also Alphaviruses 
Mink enteric calcivirus 
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Mitogen-activated protein kinase (MAPK) in influenza viruses, signaling pathways of 
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Modular evolution 
Modules 
Molecular clock dating 
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Morbillivirus. See also Paramyxoviridae (paramyxoviruses) 
genetic map and schematic diagram of 
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translation ORFs from RNA editing of P gene transcription in 
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natural cycle of transmission 
pathology, persistence, and host response in 
spread in 
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Mumps virus (MuV). See also Paramyxoviridae (paramyxoviruses) 
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Murine hepatitis virus (MHV) 
Murine norovirus-1 (MNV-1) 
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Murray Valley encephalitis virus (MVEV) 
Mutagenesis, lethal 
Mutation 
in evolution, virus 
genome size and rate of 
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in influenza viruses 
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in paramyxoviruses 
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Narmovirus 
Natural killer cell (NKC) 
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Natural killer (NK) cells 
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efficacy of 
indications and dosages 
laninamivir octanoate 
oseltamivir phosphate 
peramivir 
zanamivir 
N-trifluoroacetyl analog FANA 
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resistance to 
Neuraminidase (NA) proteins, influenza viruses 
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Neutralizing antibody response, to poliovirus 
Neutralizing antigenic sites, picornavirus 
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NeV. See Nebovirus (NeV) 
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clinical features 
diagnosis 
Newcastle disease virus (NDV). See also Paramyxoviridae (paramyxoviruses) 
classification of 
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Nidovirales (nidoviruses), taxonomy of 
1957 Asian influenza (H2N2) pandemic 
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NOD-like receptors (NLRs) 
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Nonhuman primates, influenza A and B infection 
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Nonsecretors, norovirus 
Nonstructural proteins, caliciviruses 
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structure and function studies 
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reverse genetics systems 
structural proteins 
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microbiota interactions 
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structure of, virion 
Norwalk virus (NV) 
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Norway rat hepacivirus 1 (NRHV1) 
Norway rat hepacivirus 2 (NRHV2) 
NoV. See Noroviruses (NoV) 
NP (nucleocapsid protein). See N (nucleocapsid, NC) protein 
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interactions with host cell factors 
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activation of PI3K/Akt pathway 
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Nucambo (MUC) virus. See also Alphaviruses 
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NV. See Norwalk virus (NV) 
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transcription and replication of 
structure of, virion 
transcription and replication 
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indications and dosages 
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C proteins 
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P particles, in norovirus 
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in paramyxoviruses 
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in replication complex 
PA-X protein, in influenza viruses 
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definition of 
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Parainfluenza virus type 3 (PIV3). See also Paramyxoviridae (paramyxoviruses) 
Parainfluenza virus type 5 (PIV5). See also Paramyxoviridae (paramyxoviruses) 
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general characteristics of 
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from enteroviruses 
from poliomyelitis 
from poliomyelitis vaccine 
Paramyxoviridae (paramyxoviruses) 
accessory genes and host interactions of, viral 
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replication stages of 
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RNA synthesis in, viral See (Viral RNA synthesis, paramyxovirus) 
replication strategy of 
reverse genetics of 
structure of, virion 
Paramyxovirinae. See also Paramyxoviridae (paramyxoviruses) 
Parechovirus. See also Enteroviruses (EV); Picornaviridae 
Parvoviridae (parvoviruses) 
comparative genomics of 
nucleotide substitution in 
Pattern recognition receptors (PRRs) 
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hostrange restriction and pathogenesis, molecular determinants of 


innate immune responses 
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clinical perspective 
genome structure and expression 
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proteins of, structural 
virion structure and entry 
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binding and entry of 
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translation and polyprotein processing in 
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perspectives of 
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recombination in 
genomes, structure and organization of 
5'-noncoding region 
3'-noncoding regions 
DNA clones of, infectious 
gene editing 
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stress-associated RNA granules in 
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Pixuna (PIX) virus. See also Alphaviruses 
Plaque assay 
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combined viral—bacterial pneumonia 
extrapulmonary manifestations 
cardiac involvement 
CNS infections 
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Guillain-Barré syndrome 
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primary viral pneumonia 
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Staphylococcus aureus 
Streptococcus pneumoniae 
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genetic map and schematic diagram of 
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in enteroviruses, drug targeting to 
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clinical features of 
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history of 
pathology of 
Poliomyelitis-like syndrome 
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West Nile virus infection 
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diagnosis of 
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Poliovirus (PV) vaccine 
development of 
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PV. See Poliovirus (PV) 
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Rat pestivirus (RPeV) 
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virulence of 
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Sabia virus (SBAV). See also Arenaviridae (arenaviruses) 
antiviral drugs 
clinical features 
diagnosis of 
history 
Sabin, Albert 
Saboya virus (SABV) 
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Severe acute respiratory syndrome (SARS). See also Coronaviridae (coronaviruses) 
history of 
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SFTS virus. See Severe fever with thrombocytopenia syndrome (SFTS) virus 
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replication of, in alphaviruses 
assembly of nucleocapsid core, glycoprotein synthesis, and processing in 
attachment and receptors in 
defective interfering genomes in 


entry, membrane fusion, and uncoating in 
genomic nucleic acid transcription and replication in 
host cell effects of 
replicon systems in 
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Renegade: 
Adjective 
‘Having rejected tradition: Unconventional.’ 


Merriam-Webster Dictionary 


Acquiescence to tyranny is the death of the spirit 


You may be 38 years old, as I happen to be. And one day, 
some great opportunity stands before you and calls you to 
stand up for some great principle, some great issue, some 
great cause. And you refuse to do it because you are afraid 
... You refuse to do it because you want to live longer ... 
You're afraid that you will lose your job, or you are afraid 
that you will be criticised or that you will lose your 
popularity, or you're afraid that somebody will stab you, or 
shoot at you or bomb your house; so you refuse to take the 
stand. 


Well, you may go on and live until you are 90, but you’re just 
as dead at 38 as you would be at 90. And the cessation of 
breathing in your life is but the belated announcement of an 
earlier death of the spirit. 


Martin Luther King 


How the few control the many and always have — the many do 
whatever they're told 


‘Forward, the Light Brigade!’ 
Was there a man dismayed? 
Not though the soldier knew 
Someone had blundered. 
Theirs not to make reply, 
Theirs not to reason why, 
Theirs but to do and die. 
Into the valley of Death 
Rode the six hundred. 


Cannon to right of them, 
Cannon to left of them, 
Cannon in front of them 
Volleyed and thundered; 
Stormed at with shot and shell, 
Boldly they rode and well, 
Into the jaws of Death, 
Into the mouth of hell 
Rode the six hundred 


Alfred Lord Tennyson (1809-1892) 


The mist is lifting slowly 
I can see the way ahead 
And I’ve left behind the empty streets 
That once inspired my life 
And the strength of the emotion 
Is like thunder in the air 
‘Cos the promise that we made each other 
Haunts me to the end 


The secret of your beauty 
And the mystery of your soul 
I’ve been searching for in everyone I meet 
And the times I’ve been mistaken 
It’s impossible to say 
And the grass is growing 
Underneath our feet 


The words that I remember 
From my childhood still are true 
That there’s none so blind 
As those who will not see 
And to those who lack the courage 
And say it’s dangerous to try 
Well they just don’t know 
That love eternal will not be denied 


I know you're out there somewhere 
Somewhere, somewhere 
I know you're out there somewhere 


Somewhere you can hear my voice 
I know I'll find you somehow 
Somehow, somehow 
I know I'll find you somehow 
And somehow I'll return again to you 


The Moody Blues 


Are you a gutless wonder - or a Renegade Mind? 


Monuments put from pen to paper, 
Turns me into a gutless wonder, 
And if you tolerate this, 

Then your children will be next. 
Gravity keeps my head down, 
Or is it maybe shame ... 


Manic Street Preachers 


Rise like lions after slumber 

In unvanquishable number. 
Shake your chains to earth like dew 
Which in sleep have fallen on you. 

Ye are many — they are few. 


Percy Shelley 
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CHAPTER ONE 
fm thinking’ — Oh, but are you? 


Think for yourself and let others enjoy the privilege of doing so too 
Voltaire 


rench-born philosopher, mathematician and scientist René 
Descartes became famous for his statement in Latin in the 17th 
century which translates into English as: ‘I think, therefore I am.’ 


On the face of it that is true. Thought reflects perception and 
perception leads to both behaviour and self-identity. In that sense 
‘we’ are what we think. But who or what is doing the thinking and is 
thinking the only route to perception? Clearly, as we shall see, ‘we’ 
are not always the source of ‘our’ perception, indeed with regard to 
humanity as a whole this is rarely the case; and thinking is far from 
the only means of perception. Thought is the village idiot compared 
with other expressions of consciousness that we all have the 
potential to access and tap into. This has to be true when we are 
those other expressions of consciousness which are infinite in nature. 
We have forgotten this, or, more to the point, been manipulated to 
forget. 

These are not just the esoteric musings of the navel. The whole 
foundation of human control and oppression is control of 
perception. Once perception is hijacked then so is behaviour which 
is dictated by perception. Collective perception becomes collective 
behaviour and collective behaviour is what we call human society. 
Perception is all and those behind human control know that which is 


why perception is the target 24/7 of the psychopathic manipulators 
that I call the Global Cult. They know that if they dictate perception 
they will dictate behaviour and collectively dictate the nature of 
human society. They are further aware that perception is formed 
from information received and if they control the circulation of 
information they will to a vast extent direct human behaviour. 
Censorship of information and opinion has become globally Nazi- 
like in recent years and never more blatantly than since the illusory 
‘virus pandemic’ was triggered out of China in 2019 and across the 
world in 2020. Why have billions submitted to house arrest and 
accepted fascistic societies in a way they would have never believed 
possible? Those controlling the information spewing from 
government, mainstream media and Silicon Valley (all controlled by 
the same Global Cult networks) told them they were in danger from 
a ‘deadly virus’ and only by submitting to house arrest and 
conceding their most basic of freedoms could they and their families 
be protected. This monumental and provable lie became the 
perception of the billions and therefore the behaviour of the billions. In 
those few words you have the whole structure and modus operandi 
of human control. Fear is a perception — False Emotion Appearing 
Real — and fear is the currency of control. In short ... get them by the 
balls (or give them the impression that you have) and their hearts 
and minds will follow. Nothing grips the dangly bits and freezes the 
rear-end more comprehensively than fear. 


World number 1 

There are two ‘worlds’ in what appears to be one ‘world’ and the 
prime difference between them is knowledge. First we have the mass 
of human society in which the population is maintained in coldly- 
calculated ignorance through control of information and the 
‘education’ (indoctrination) system. That’s all you really need to 
control to enslave billions in a perceptual delusion in which what are 
perceived to be their thoughts and opinions are ever-repeated 
mantras that the system has been downloading all their lives 
through ‘education’, media, science, medicine, politics and academia 


in which the personnel and advocates are themselves 
overwhelmingly the perceptual products of the same repetition. 
Teachers and academics in general are processed by the same 
programming machine as everyone else, but unlike the great 
majority they never leave the ‘education’ program. It gripped them 
as students and continues to grip them as programmers of 
subsequent generations of students. The programmed become the 
programmers — the programmed programmers. The same can 
largely be said for scientists, doctors and politicians and not least 
because as the American writer Upton Sinclair said: ‘It is difficult to 
get a man to understand something when his salary depends upon 
his not understanding it.’ If your career and income depend on 
thinking the way the system demands then you will — bar a few free- 
minded exceptions — concede your mind to the Perceptual 
Mainframe that I call the Postage Stamp Consensus. This is a tiny 
band of perceived knowledge and possibility ‘taught’ (downloaded) 
in the schools and universities, pounded out by the mainstream 
media and on which all government policy is founded. Try thinking, 
and especially speaking and acting, outside of the ‘box’ of consensus 
and see what that does for your career in the Mainstream Everything 
which bullies, harasses, intimidates and ridicules the population into 
compliance. Here we have the simple structure which enslaves most 
of humanity in a perceptual prison cell for an entire lifetime and I'll 
go deeper into this process shortly. Most of what humanity is taught 
as fact is nothing more than programmed belief. American science 
fiction author Frank Herbert was right when he said: ‘Belief can be 
manipulated. Only knowledge is dangerous.’ In the ‘Covid’ age 
belief is promoted and knowledge is censored. It was always so, but 
never to the extreme of today. 


World number 2 

A ‘number 2’ is slang for ‘doing a poo’ and how appropriate that is 
when this other ‘world’ is doing just that on humanity every minute 
of every day. World number 2 is a global network of secret societies 
and semi-secret groups dictating the direction of society via 


governments, corporations and authorities of every kind. I have 
spent more than 30 years uncovering and exposing this network that 
I call the Global Cult and knowing its agenda is what has made my 
books so accurate in predicting current and past events. Secret 
societies are secret for a reason. They want to keep their hoarded 
knowledge to themselves and their chosen initiates and to hide it 
from the population which they seek through ignorance to control 
and subdue. The whole foundation of the division between World 1 
and World 2 is knowledge. What number 1 knows number 2 must not. 
Knowledge they have worked so hard to keep secret includes (a) the 
agenda to enslave humanity in a centrally-controlled global 
dictatorship, and (b) the nature of reality and life itself. The latter (b) 
must be suppressed to allow the former (a) to prevail as I shall be 
explaining. The way the Cult manipulates and interacts with the 
population can be likened to a spider’s web. The ‘spider’ sits at the 
centre in the shadows and imposes its will through the web with 
each strand represented in World number 2 by a secret society, 
satanic or semi-secret group, and in World number 1 — the world of 
the seen — by governments, agencies of government, law 
enforcement, corporations, the banking system, media 
conglomerates and Silicon Valley (Fig 1 overleaf). The spider and the 
web connect and coordinate all these organisations to pursue the 
same global outcome while the population sees them as individual 
entities working randomly and independently. At the level of the 
web governments are the banking system are the corporations are the 
media are Silicon Valley are the World Health Organization working 
from their inner cores as one unit. Apparently unconnected 
countries, corporations, institutions, organisations and people are on 
the same team pursuing the same global outcome. Strands in the web 
immediately around the spider are the most secretive and exclusive 
secret societies and their membership is emphatically restricted to 
the Cult inner-circle emerging through the generations from 
particular bloodlines for reasons I will come to. At the core of the 
core you would get them in a single room. That’s how many people 
are dictating the direction of human society and its transformation 


through the ‘Covid’ hoax and other means. As the web expands out 
from the spider we meet the secret societies that many people will be 
aware of — the Freemasons, Knights Templar, Knights of Malta, Opus 
Dei, the inner sanctum of the Jesuit Order, and such like. Note how 
many are connected to the Church of Rome and there is a reason for 
that. The Roman Church was established as a revamp, a rebranding, 
of the relocated ‘Church’ of Babylon and the Cult imposing global 
tyranny today can be tracked back to Babylon and Sumer in what is 
now Iraq. 


Figure 1: The global web through which the few control the many. (Image Neil Hague.) 


Inner levels of the web operate in the unseen away from the public 
eye and then we have what I call the cusp organisations located at 
the point where the hidden meets the seen. They include a series of 
satellite organisations answering to a secret society founded in 
London in the late 19th century called the Round Table and among 
them are the Royal Institute of International Affairs (UK, founded in 
1920); Council on Foreign Relations (US, 1921); Bilderberg Group 
(worldwide, 1954); Trilateral Commission (US/worldwide, 1972); and 
the Club of Rome (worldwide, 1968) which was created to exploit 
environmental concerns to justify the centralisation of global power 
to ‘save the planet’. The Club of Rome instigated with others the 
human-caused climate change hoax which has led to all the ‘green 


new deals’ demanding that very centralisation of control. Cusp 
organisations, which include endless ‘think tanks’ all over the world, 
are designed to coordinate a single global policy between political 
and business leaders, intelligence personnel, media organisations 
and anyone who can influence the direction of policy in their own 
sphere of operation. Major players and regular attenders will know 
what is happening — or some of it — while others come and go and 
are kept overwhelmingly in the dark about the big picture. I refer to 
these cusp groupings as semi-secret in that they can be publicly 
identified, but what goes on at the inner-core is kept very much ‘in 
house’ even from most of their members and participants through a 
fiercely-imposed system of compartmentalisation. Only let them 
know what they need to know to serve your interests and no more. 
The structure of secret societies serves as a perfect example of this 
principle. Most Freemasons never get higher than the bottom three 
levels of ‘degree’ (degree of knowledge) when there are 33 official 
degrees of the Scottish Rite. Initiates only qualify for the next higher 
‘compartment’ or degree if those at that level choose to allow them. 
Knowledge can be carefully assigned only to those considered ‘safe’. 
I went to my local Freemason’s lodge a few years ago when they 
were having an ‘open day’ to show how cuddly they were and when 
I chatted to some of them I was astonished at how little the rank and 
file knew even about the most ubiquitous symbols they use. The 
mushroom technique — keep them in the dark and feed them bullshit 
— applies to most people in the web as well as the population as a 
whole. Sub-divisions of the web mirror in theme and structure 
transnational corporations which have a headquarters somewhere in 
the world dictating to all their subsidiaries in different countries. 
Subsidiaries operate in their methodology and branding to the same 
centrally-dictated plan and policy in pursuit of particular ends. The 
Cult web functions in the same way. Each country has its own web 
as a subsidiary of the global one. They consist of networks of secret 
societies, semi-secret groups and bloodline families and their job is 
to impose the will of the spider and the global web in their particular 
country. Subsidiary networks control and manipulate the national 
political system, finance, corporations, media, medicine, etc. to 


ensure that they follow the globally-dictated Cult agenda. These 
networks were the means through which the ‘Covid’ hoax could be 
played out with almost every country responding in the same way. 


The ‘Yessir pyramid 

Compartmentalisation is the key to understanding how a tiny few 
can dictate the lives of billions when combined with a top-down 
sequence of imposition and acquiescence. The inner core of the Cult 
sits at the peak of the pyramidal hierarchy of human society (Fig 2 
overleaf). It imposes its will — its agenda for the world — on the level 
immediately below which acquiesces to that imposition. This level 
then imposes the Cult will on the level below them which acquiesces 
and imposes on the next level. Very quickly we meet levels in the 
hierarchy that have no idea there even is a Cult, but the sequence of 
imposition and acquiescence continues down the pyramid in just the 
same way. ‘I don’t know why we are doing this but the order came 
from “on-high” and so we better just do it.” Alfred Lord Tennyson 
said of the cannon fodder levels in his poem The Charge of the Light 
Brigade: ‘Theirs not to reason why; theirs but to do and die.’ The next 
line says that ‘into the valley of death rode the six hundred’ and they 
died because they obeyed without question what their perceived 
‘superiors’ told them to do. In the same way the population 
capitulated to “‘Covid’. The whole hierarchical pyramid functions 
like this to allow the very few to direct the enormous many. 
Eventually imposition-acquiescence-imposition-acquiescence comes 
down to the mass of the population at the foot of the pyramid. If 
they acquiesce to those levels of the hierarchy imposing on them 
(governments/law enforcement/doctors/media) a circuit is 
completed between the population and the handful of super- 
psychopaths in the Cult inner core at the top of the pyramid. 
Without a circuit-breaking refusal to obey, the sequence of 
imposition and acquiescence allows a staggeringly few people to 
impose their will upon the entirety of humankind. We are looking at 
the very sequence that has subjugated billions since the start of 2020. 
Our freedom has not been taken from us. Humanity has given it 


away. Fascists do not impose fascism because there are not enough 
of them. Fascism is imposed by the population acquiescing to 
fascism. Put another way allowing their perceptions to be 
programmed to the extent that leads to the population giving their 
freedom away by giving their perceptions — their mind — away. If this 
circuit is not broken by humanity ceasing to cooperate with their 
own enslavement then nothing can change. For that to happen 
people have to critically think and see through the lies and window 
dressing and then summon the backbone to act upon what they see. 
The Cult spends its days working to stop either happening and its 
methodology is systematic and highly detailed, but it can be 
overcome and that is what this book is all about. 


Figure 2: The simple sequence of imposition and compliance that allows a handful of people 
at the peak of the pyramid to dictate the lives of billions. 


The Life Program 

Okay, back to world number 1 or the world of the ‘masses’. Observe 
the process of what we call ‘life’ and it is a perceptual download 
from cradle to grave. The Cult has created a global structure in 
which perception can be programmed and the program continually 
topped-up with what appears to be constant confirmation that the 
program is indeed true reality. The important word here is ‘appears’. 


This is the structure, the fly-trap, the Postage Stamp Consensus or 
Perceptual Mainframe, which represents that incredibly narrow 
band of perceived possibility delivered by the ‘education’ system, 
mainstream media, science and medicine. From the earliest age the 
download begins with parents who have themselves succumbed to 
the very programming their children are about to go through. Most 
parents don’t do this out of malevolence and mostly it is quite the 
opposite. They do what they believe is best for their children and 
that is what the program has told them is best. Within three or four 
years comes the major transition from parental programming to full- 
blown state (Cult) programming in school, college and university 
where perceptually-programmed teachers and academics pass on 
their programming to the next generations. Teachers who resist are 
soon marginalised and their careers ended while children who resist 
are called a problem child for whom Ritalin may need to be 
prescribed. A few years after entering the ‘world’ children are under 
the control of authority figures representing the state telling them 
when they have to be there, when they can leave and when they can 
speak, eat, even go to the toilet. This is calculated preparation for a 
lifetime of obeying authority in all its forms. Reflex-action fear of 
authority is instilled by authority from the start. Children soon learn 
the carrot and stick consequences of obeying or defying authority 
which is underpinned daily for the rest of their life. Fortunately I 
daydreamed through this crap and never obeyed authority simply 
because it told me to. This approach to my alleged ‘betters’ continues 
to this day. There can be consequences of pursuing open-minded 
freedom in a world of closed-minded conformity. I spent a lot of time 
in school corridors after being ejected from the classroom for not 
taking some of it seriously and now I spend a lot of time being 
ejected from Facebook, YouTube and Twitter. But I can tell you that 
being true to yourself and not compromising your self-respect is far 
more exhilarating than bowing to authority for authority’s sake. You 
don’t have to be a sheep to the shepherd (authority) and the sheep 
dog (fear of not obeying authority). 


The perceptual download continues throughout the formative 
years in school, college and university while script-reading 
‘teachers’, ‘academics’ ‘scientists’, ‘doctors’ and ‘journalists’ insist 
that ongoing generations must be as programmed as they are. 
Accept the program or you will not pass your ‘exams’ which confirm 
your ‘degree’ of programming. It is tragic to think that many parents 
pressure their offspring to work hard at school to download the 
program and qualify for the next stage at college and university. The 
late, great, American comedian George Carlin said: ‘Here’s a bumper 
sticker I’d like to see: We are proud parents of a child who has 
resisted his teachers’ attempts to break his spirit and bend him to the 
will of his corporate masters.’ Well, the best of luck finding many of 
those, George. Then comes the moment to leave the formal 
programming years in academia and enter the ‘adult’ world of work. 
There you meet others in your chosen or prescribed arena who went 
through the same Postage Stamp Consensus program before you 
did. There is therefore overwhelming agreement between almost 
everyone on the basic foundations of Postage Stamp reality and the 
rejection, even contempt, of the few who have a mind of their own 
and are prepared to use it. This has two major effects. Firstly, the 
consensus confirms to the programmed that their download is really 
how things are. I mean, everyone knows that, right? Secondly, the 
arrogance and ignorance of Postage Stamp adherents ensure that 
anyone questioning the program will have unpleasant consequences 
for seeking their own truth and not picking their perceptions from 
the shelf marked: ‘Things you must believe without question and if 
you don’t you're a dangerous lunatic conspiracy theorist and a 
harebrained nutter’. 


Every government, agency and corporation is founded on the 
same Postage Stamp prison cell and you can see why so many 
people believe the same thing while calling it their own ‘opinion’. 
Fusion of governments and corporations in pursuit of the same 
agenda was the definition of fascism described by Italian dictator 
Benito Mussolini. The pressure to conform to perceptual norms 
downloaded for a lifetime is incessant and infiltrates society right 


down to family groups that become censors and condemners of their 
own ‘black sheep’ for not, ironically, being sheep. We have seen an 
explosion of that in the ‘Covid’ era. Cult-owned global media 
unleashes its propaganda all day every day in support of the Postage 
Stamp and targets with abuse and ridicule anyone in the public eye 
who won't bend their mind to the will of the tyranny. Any response 
to this is denied (certainly in my case). They don’t want to give a 
platform to expose official lies. Cult-owned-and-created Internet 
giants like Facebook, Google, YouTube and Twitter delete you for 
having an unapproved opinion. Facebook boasts that its AI censors 
delete 97-percent of ‘hate speech’ before anyone even reports it. 
Much of that ‘hate speech’ will simply be an opinion that Facebook 
and its masters don’t want people to see. Such perceptual oppression 
is widely known as fascism. Even Facebook executive Benny 
Thomas, a ‘CEO Global Planning Lead’, said in comments secretly 
recorded by investigative journalism operation Project Veritas that 
Facebook is ‘too powerful’ and should be broken up: 


| mean, no king in history has been the ruler of two billion people, but Mark Zuckerberg is ... 
And he’s 36. That’s too much for a 36-year-old ... You should not have power over two billion 
people. | just think that’s wrong. 


Thomas said Facebook-owned platforms like Instagram, Oculus, and 
WhatsApp needed to be separate companies. ‘It’s too much power 
when they’re all one together’. That’s the way the Cult likes it, 
however. We have an executive of a Cult organisation in Benny 
Thomas that doesn’t know there is a Cult such is the 
compartmentalisation. Thomas said that Facebook and Google ‘are 
no longer companies, they’re countries’. Actually they are more 
powerful than countries on the basis that if you control information 
you control perception and control human society. 


Another expression of this psychological trickery is for those who 
realise they are being pressured into compliance to eventually 


convince themselves to believe the official narratives to protect their 
self-respect from accepting the truth that they have succumbed to 
meek and subservient compliance. Such people become some of the 
most vehement defenders of the system. You can see them 
everywhere screaming abuse at those who prefer to think for 
themselves and by doing so reminding the compliers of their own 
capitulation to conformity. “You are talking dangerous nonsense you 
Covidiot!!’ Are you trying to convince me or yourself? It is a potent 
form of Stockholm syndrome which is defined as: ‘A psychological 
condition that occurs when a victim of abuse identifies and attaches, 
or bonds, positively with their abuser.’ An example is hostages 
bonding and even ‘falling in love’ with their kidnappers. The 
syndrome has been observed in domestic violence, abused children, 
concentration camp inmates, prisoners of war and many and various 
Satanic cults. These are some traits of Stockholm syndrome listed at 
goodtherapy.org: 


e Positive regard towards perpetrators of abuse or captor [see 
‘Covid’]. 

e Failure to cooperate with police and other government authorities 
when it comes to holding perpetrators of abuse or kidnapping 
accountable [or in the case of ‘Covid’ cooperating with the police 
to enforce and defend their captors’ demands]. 

e Little or no effort to escape [see ‘Covid’]. 


¢ Belief in the goodness of the perpetrators or kidnappers [see 
‘Covid’]. 

e Appeasement of captors. This is a manipulative strategy for 
maintaining one’s safety. As victims get rewarded — perhaps with 
less abuse or even with life itself — their appeasing behaviours are 
reinforced [see ‘Covid’]. 


e Learned helplessness. This can be akin to ‘if you can’t beat “em, 
join ‘em’. As the victims fail to escape the abuse or captivity, they 
may start giving up and soon realize it’s just easier for everyone if 
they acquiesce all their power to their captors [see ‘Covid’]. 


Feelings of pity toward the abusers, believing they are actually 

victims themselves. Because of this, victims may go on a crusade 

or mission to ‘save’ [protect] their abuser [see the venom 

unleashed on those challenging the official ‘Covid’ narrative]. 

¢ Unwillingness to learn to detach from their perpetrators and heal. 
In essence, victims may tend to be less loyal to themselves than to 
their abuser [ definitely see ‘Covid’]. 


Ponder on those traits and compare them with the behaviour of 
great swathes of the global population who have defended 
governments and authorities which have spent every minute 
destroying their lives and livelihoods and those of their children and 
grandchildren since early 2020 with fascistic lockdowns, house arrest 
and employment deletion to ‘protect’ them from a ‘deadly virus’ that 
their abusers’ perceptually created to bring about this very outcome. 
We are looking at mass Stockholm syndrome. All those that agree to 
concede their freedom will believe those perceptions are originating 
in their own independent ‘mind’ when in fact by conceding their 
reality to Stockholm syndrome they have by definition conceded any 
independence of mind. Listen to the ‘opinions’ of the acquiescing 
masses in this ‘Covid’ era and what gushes forth is the repetition of 
the official version of everything delivered unprocessed, unfiltered 
and unquestioned. The whole programming dynamic works this 
way. I must be free because I’m told that Iam and so I think that I 
am. 

You can see what I mean with the chapter theme of ‘I’m thinking — 
Oh, but are you?’ The great majority are not thinking, let alone for 
themselves. They are repeating what authority has told them to 
believe which allows them to be controlled. Weaving through this 
mentality is the fear that the ‘conspiracy theorists’ are right and this 
again explains the often hysterical abuse that ensues when you dare 
to contest the official narrative of anything. Denial is the mechanism 
of hiding from yourself what you don’t want to be true. Telling 
people what they want to hear is easy, but it’s an infinitely greater 
challenge to tell them what they would rather not be happening. 


One is akin to pushing against an open door while the other is met 
with vehement resistance no matter what the scale of evidence. I 
don’t want it to be true so I’ll convince myself that it’s not. Examples 
are everywhere from the denial that a partner is cheating despite all 
the signs to the reflex-action rejection of any idea that world events 
in which country after country act in exactly the same way are 
centrally coordinated. To accept the latter is to accept that a force of 
unspeakable evil is working to destroy your life and the lives of your 
children with nothing too horrific to achieve that end. Who the heck 
wants that to be true? But if we don’t face reality the end is duly 
achieved and the consequences are far worse and ongoing than 
breaking through the walls of denial today with the courage to make 
a stand against tyranny. 


A crucial aspect of perceptual programming is to portray a world in 
which everything is random and almost nothing is connected to 
anything else. Randomness cannot be coordinated by its very nature 
and once you perceive events as random the idea they could be 
connected is waved away as the rantings of the tinfoil-hat brigade. 
You can’t plan and coordinate random you idiot! No, you can’t, but 
you can hide the coldly-calculated and long-planned behind the 
illusion of randomness. A foundation manifestation of the Renegade 
Mind is to scan reality for patterns that connect the apparently 
random and turn pixels and dots into pictures. This is the way I 
work and have done so for more than 30 years. You look for 
similarities in people, modus operandi and desired outcomes and 
slowly, then ever quicker, the picture forms. For instance: There 
would seem to be no connection between the ‘Covid pandemic’ hoax 
and the human-caused global-warming hoax and yet they are masks 
(appropriately) on the same face seeking the same outcome. Those 
pushing the global warming myth through the Club of Rome and 
other Cult agencies are driving the lies about ‘Covid’ — Bill Gates is 
an obvious one, but they are endless. Why would the same people be 
involved in both when they are clearly not connected? Oh, but they 


are. Common themes with personnel are matched by common goals. 
The ‘solutions’ to both ‘problems’ are centralisation of global power 
to impose the will of the few on the many to ‘save’ humanity from 
‘Covid’ and save the planet from an ‘existential threat’ (we need 
‘zero Covid’ and ‘zero carbon emissions’). These, in turn, connect 
with the ‘dot’ of globalisation which was coined to describe the 
centralisation of global power in every area of life through incessant 
political and corporate expansion, trading blocks and superstates 
like the European Union. If you are the few and you want to control 
the many you have to centralise power and decision-making. The 
more you centralise power the more power the few at the centre will 
have over the many; and the more that power is centralised the more 
power those at the centre have to centralise even quicker. The 
momentum of centralisation gets faster and faster which is exactly 
the process we have witnessed. In this way the hoaxed ‘pandemic’ 
and the fakery of human-caused global warming serve the interests 
of globalisation and the seizure of global power in the hands of the 
Cult inner-circle which is behind ‘Covid’, ‘climate change’ and 
globalisation. At this point random ‘dots’ become a clear and 
obvious picture or pattern. 

Klaus Schwab, the classic Bond villain who founded the Cult’s 
Gates-funded World Economic Forum, published a book in 2020, The 
Great Reset, in which he used the ‘problem’ of ‘Covid’ to justify a 
total transformation of human society to ‘save’ humanity from 
‘climate change’. Schwab said: “The pandemic represents a rare but 
narrow window of opportunity to reflect, reimagine, and reset our 
world.’ What he didn’t mention is that the Cult he serves is behind 
both hoaxes as I show in my book The Answer. He and the Cult don’t 
have to reimagine the world. They know precisely what they want 
and that’s why they destroyed human society with ‘Covid’ to ‘build 
back better’ in their grand design. Their job is not to imagine, but to 
get humanity to imagine and agree with their plans while believing 
it’s all random. It must be pure coincidence that ‘The Great Reset’ 
has long been the Cult’s code name for the global imposition of 
fascism and replaced previous code-names of the ‘New World 


Order’ used by Cult frontmen like Father George Bush and the ‘New 
Order of the Ages’ which emerged from Freemasonry and much 
older secret societies. New Order of the Ages appears on the reverse 
of the Great Seal of the United States as ‘Novus ordo seclorum’ 
underneath the Cult symbol used since way back of the pyramid and 
all seeing-eye (Fig 3). The pyramid is the hierarchy of human control 
headed by the illuminated eye that symbolises the force behind the 
Cult which I will expose in later chapters. The term ‘Annuit Coeptis’ 
translates as ‘He favours our undertaking’. We are told the ‘He’ is 
the Christian god, but ‘He’ is not as I will be explaining. 


Figure 3: The all-seeing eye of the Cult ‘god’ on the Freemason-designed Great Seal of the 
United States and also on the dollar bill. 


Having you on 

Two major Cult techniques of perceptual manipulation that relate to 
all this are what I have called since the 1990s Problem-Reaction- 
Solution (PRS) and the Totalitarian Tiptoe (TT). They can be 
uncovered by the inquiring mind with a simple question: Who 
benefits? The answer usually identifies the perpetrators of a given 
action or happening through the concept of ‘he who most benefits 
from a crime is the one most likely to have committed it’. The Latin 
‘Cue bono?’ — Who benefits? — is widely attributed to the Roman 
orator and statesman Marcus Tullius Cicero. No wonder it goes back 
so far when the concept has been relevant to human behaviour since 


history was recorded. Problem-Reaction-Solution is the technique 
used to manipulate us every day by covertly creating a problem (or 
the illusion of one) and offering the solution to the problem (or the 
illusion of one). In the first phase you create the problem and blame 
someone or something else for why it has happened. This may relate 
to a financial collapse, terrorist attack, war, global warming or 
pandemic, anything in fact that will allow you to impose the 
‘solution’ to change society in the way you desire at that time. The 
‘problem’ doesn’t have to be real. PRS is manipulation of perception 
and all you need is the population to believe the problem is real. 
Human-caused global warming and the ‘Covid pandemic’ only have 
to be perceived to be real for the population to accept the ‘solutions’ of 
authority. I refer to this technique as NO-Problem-Reaction-Solution. 
Billions did not meekly accept house arrest from early 2020 because 
there was a real deadly ‘Covid pandemic’ but because they 
perceived — believed — that to be the case. The antidote to Problem- 
Reaction-Solution is to ask who benefits from the proposed solution. 
Invariably it will be anyone who wants to justify more control 
through deletion of freedom and centralisation of power and 
decision-making. 

The two world wars were Problem-Reaction-Solutions that 
transformed and realigned global society. Both were manipulated 
into being by the Cult as I have detailed in books since the mid- 
1990s. They dramatically centralised global power, especially World 
War Two, which led to the United Nations and other global bodies 
thanks to the overt and covert manipulations of the Rockefeller 
family and other Cult bloodlines like the Rothschilds. The UN is a 
stalking horse for full-blown world government that I will come to 
shortly. The land on which the UN building stands in New York was 
donated by the Rockefellers and the same Cult family was behind 
Big Pharma scalpel and drug ‘medicine’ and the creation of the 
World Health Organization as part of the UN. They have been 
stalwarts of the eugenics movement and funded Hitler’s race-purity 
expert’ Ernst Rudin. The human-caused global warming hoax has 
been orchestrated by the Club of Rome through the UN which is 


manufacturing both the ‘problem’ through its Intergovernmental 
Panel on Climate Change and imposing the ‘solution’ through its 
Agenda 21 and Agenda 2030 which demand the total centralisation 
of global power to ‘save the world’ from a climate hoax the United 
Nations is itself perpetrating. What a small world the Cult can be 
seen to be particularly among the inner circles. The bedfellow of 
Problem-Reaction-Solution is the Totalitarian Tiptoe which became 
the Totalitarian Sprint in 2020. The technique is fashioned to hide the 
carefully-coordinated behind the cover of apparently random events. 
You start the sequence at ‘A’ and you know you are heading for ‘Z’. 
You don’t want people to know that and each step on the journey is 
presented as a random happening while all the steps strung together 
lead in the same direction. The speed may have quickened 
dramatically in recent times, but you can still see the incremental 
approach of the Tiptoe in the case of ‘Covid’ as each new imposition 
takes us deeper into fascism. Tell people they have to do this or that 
to get back to ‘normal’, then this and this and this. With each new 
demand adding to the ones that went before the population’s 
freedom is deleted until it disappears. The spider wraps its web 
around the flies more comprehensively with each new diktat. I’ll 
highlight this in more detail when I get to the ‘Covid’ hoax and how 
it has been pulled off. Another prime example of the Totalitarian 
Tiptoe is how the Cult-created European Union went from a ‘free- 
trade zone’ to a centralised bureaucratic dictatorship through the 
Tiptoe of incremental centralisation of power until nations became 
mere administrative units for Cult-owned dark suits in Brussels. 


The antidote to ignorance is knowledge which the Cult seeks 
vehemently to deny us, but despite the systematic censorship to that 
end the Renegade Mind can overcome this by vociferously seeking 
out the facts no matter the impediments put in the way. There is also 
a method of thinking and perceiving — knowing — that doesn’t even 
need names, dates, place-type facts to identify the patterns that 
reveal the story. I’ll get to that in the final chapter. All you need to 
know about the manipulation of human society and to what end is 
still out there — at the time of writing — in the form of books, videos 


and websites for those that really want to breach the walls of 
programmed perception. To access this knowledge requires the 
abandonment of the mainstream media as a source of information in 
the awareness that this is owned and controlled by the Cult and 
therefore promotes mass perceptions that suit the Cult. Mainstream 
media lies all day, every day. That is its function and very reason for 
being. Where it does tell the truth, here and there, is only because the 
truth and the Cult agenda very occasionally coincide. If you look for 
fact and insight to the BBC, CNN and virtually all the rest of them 
you are asking to be conned and perceptually programmed. 


Events seem random when you have no idea where the world is 
being taken. Once you do the random becomes the carefully 
planned. Know the outcome and you'll see the journey is a phrase I 
have been using for a long time to give context to daily happenings 
that appear unconnected. Does a problem, or illusion of a problem, 
trigger a proposed ‘solution’ that further drives society in the 
direction of the outcome? Invariably the answer will be yes and the 
random — abracadabra — becomes the clearly coordinated. So what is 
this outcome that unlocks the door to a massively expanded 
understanding of daily events? I will summarise its major aspects — 
the fine detail is in my other books — and those new to this 
information will see that the world they thought they were living in 
is a very different place. The foundation of the Cult agenda is the 
incessant centralisation of power and all such centralisation is 
ultimately in pursuit of Cult control on a global level. I have 
described for a long time the planned world structure of top-down 
dictatorship as the Hunger Games Society. The term obviously 
comes from the movie series which portrayed a world in which a 
few living in military-protected hi-tech luxury were the overlords of 
a population condemned to abject poverty in isolated ‘sectors’ that 
were not allowed to interact. ‘Covid’ lockdowns and travel bans 
anyone? The ‘Hunger Games’ pyramid of structural control has the 
inner circle of the Cult at the top with pretty much the entire 


population at the bottom under their control through dependency 
for survival on the Cult. The whole structure is planned to be 
protected and enforced by a military-police state (Fig 4). 


Here you have the reason for the global lockdowns of the fake 
pandemic to coldly destroy independent incomes and livelihoods 
and make everyone dependent on the ‘state’ (the Cult that controls 
the ‘states’). I have warned in my books for many years about the 
plan to introduce a ‘guaranteed income’ — a barely survivable 
pittance — designed to impose dependency when employment was 
destroyed by AI technology and now even more comprehensively at 
great speed by the ‘Covid’ scam. Once the pandemic was played and 
lockdown consequences began to delete independent income the 
authorities began to talk right on cue about the need for a 
guaranteed income and a ‘Great Reset’. Guaranteed income will be 
presented as benevolent governments seeking to help a desperate 
people — desperate as a direct result of actions of the same 
governments. The truth is that such payments are a trap. You will 
only get them if you do exactly what the authorities demand 
including mass vaccination (genetic manipulation). We have seen 
this theme already in Australia where those dependent on 
government benefits have them reduced if parents don’t agree to 
have their children vaccinated according to an insane health- 
destroying government-dictated schedule. Calculated economic 
collapse applies to governments as well as people. The Cult wants 
rid of countries through the creation of a world state with countries 
broken up into regions ruled by a world government and super 
states like the European Union. Countries must be bankrupted, too, 
to this end and it’s being achieved by the trillions in ‘rescue 
packages’ and furlough payments, trillions in lost taxation, and 
money-no-object spending on ‘Covid’ including constant all- 
medium advertising (programming) which has made the media 
dependent on government for much of its income. The day of 
reckoning is coming — as planned — for government spending and 
given that it has been made possible by printing money and not by 
production/taxation there is inflation on the way that has the 


potential to wipe out monetary value. In that case there will be no 
need for the Cult to steal your money. It just won't be worth 
anything (see the German Weimar Republic before the Nazis took 
over). Many have been okay with lockdowns while getting a 
percentage of their income from so-called furlough payments 
without having to work. Those payments are dependent, however, 
on people having at least a theoretical job with a business considered 
non-essential and ordered to close. As these business go under 
because they are closed by lockdown after lockdown the furlough 
stops and it will for everyone eventually. Then what? The ‘then 
what?’ is precisely the idea. 
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Figure 4: The Hunger Games Society structure | have long warned was planned and now the 
‘Covid’ hoax has made it possible. This is the real reason for lockdowns. 


Between the Hunger Games Cult elite and the dependent population 
is planned to be a vicious military-police state (a fusion of the two 
into one force). This has been in the making for a long time with 
police looking ever more like the military and carrying weapons to 
match. The pandemic scam has seen this process accelerate so fast as 


lockdown house arrest is brutally enforced by carefully recruited 
fascist minds and gormless system-servers. The police and military 
are planned to merge into a centrally-directed world army ina 
global structure headed by a world government which wouldn't be 
elected even by the election fixes now in place. The world army is 
not planned even to be human and instead wars would be fought, 
primarily against the population, using robot technology controlled 
by artificial intelligence. I have been warning about this for decades 
and now militaries around the world are being transformed by this 
very AI technology. The global regime that I describe is a particular 
form of fascism known as a technocracy in which decisions are not 
made by clueless and co-opted politicians but by unelected 
technocrats — scientists, engineers, technologists and bureaucrats. 
Cult-owned-and-controlled Silicon Valley giants are examples of 
technocracy and they already have far more power to direct world 
events than governments. They are with their censorship selecting 
governments. I know that some are calling the ‘Great Reset’ a 
Marxist communist takeover, but fascism and Marxism are different 
labels for the same tyranny. Tell those who lived in fascist Germany 
and Stalinist Russia that there was a difference in the way their 
freedom was deleted and their lives controlled. I could call it a fascist 
technocracy or a Marxist technocracy and they would be equally 
accurate. The Hunger Games society with its world government 
structure would oversee a world army, world central bank and single 
world cashless currency imposing its will on a microchipped 
population (Fig 5). Scan its different elements and see how the 
illusory pandemic is forcing society in this very direction at great 
speed. Leaders of 23 countries and the World Health Organization 
(WHO) backed the idea in March, 2021, of a global treaty for 
‘international cooperation’ in ‘health emergencies’ and nations 
should ‘come together as a global community for peaceful 
cooperation that extends beyond this crisis’. Cut the Orwellian 
bullshit and this means another step towards global government. 
The plan includes a cashless digital money system that I first warned 
about in 1993. Right at the start of “Covid’ the deeply corrupt Tedros 


Adhanom Ghebreyesus, the crooked and merely gofer ‘head’ of the 
World Health Organization, said it was possible to catch the ‘virus’ 
by touching cash and it was better to use cashless means. The claim 
was ridiculous nonsense and like the whole ‘Covid’ mind-trick it 
was nothing to do with ‘health’ and everything to do with pushing 
every aspect of the Cult agenda. As a result of the Tedros lie the use 
of cash has plummeted. The Cult script involves a single world 
digital currency that would eventually be technologically embedded 
in the body. China is a massive global centre for the Cult and if you 
watch what is happening there you will know what is planned for 
everywhere. The Chinese government is developing a digital 
currency which would allow fines to be deducted immediately via 
Al for anyone caught on camera breaking its fantastic list of laws 
and the money is going to be programmable with an expiry date to 
ensure that no one can accrue wealth except the Cult and its 
operatives. 


WORLD GOVERNMENT 
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Figure 5: The structure of global control the Cult has been working towards for so long and 
this has been enormously advanced by the ‘Covid’ illusion. 


Seridom is so smart 

The Cult plan is far wider, extreme, and more comprehensive than 
even most conspiracy researchers appreciate and I will come to the 
true depths of deceit and control in the chapters ‘Who controls the 


Cult?’ and ‘Escaping Wetiko’. Even the world that we know is crazy 
enough. We are being deluged with ever more sophisticated and 
controlling technology under the heading of ‘smart’. We have smart 
televisions, smart meters, smart cards, smart cars, smart driving, 
smart roads, smart pills, smart patches, smart watches, smart skin, 
smart borders, smart pavements, smart streets, smart cities, smart 
communities, smart environments, smart growth, smart planet ... 
smart everything around us. Smart technologies and methods of 
operation are designed to interlock to create a global Smart Grid 
connecting the entirety of human society including human minds to 
create a centrally-dictated ‘hive’ mind. ‘Smart cities’ is code for 
densely-occupied megacities of total surveillance and control 
through AI. Ever more destructive frequency communication 
systems like 5G have been rolled out without any official testing for 
health and psychological effects (colossal). 5G/6G/7G systems are 
needed to run the Smart Grid and each one becomes more 
destructive of body and mind. Deleting independent income is 
crucial to forcing people into these Al-policed prisons by ending 
private property ownership (except for the Cult elite). The Cult’s 
Great Reset now openly foresees a global society in which no one 
will own any possessions and everything will be rented while the 
Cult would own literally everything under the guise of government 
and corporations. The aim has been to use the lockdowns to destroy 
sources of income on a mass scale and when the people are destitute 
and in unrepayable amounts of debt (problem) Cult assets come 
forward with the pledge to write-off debt in return for handing over 
all property and possessions (solution). Everything — literally 
everything including people — would be connected to the Internet 
via AI. I was warning years ago about the coming Internet of Things 
(loT) in which all devices and technology from your car to your 
fridge would be plugged into the Internet and controlled by AI. 
Now we are already there with much more to come. The next stage 
is the Internet of Everything (IoE) which is planned to include the 
connection of AI to the human brain and body to replace the human 
mind with a centrally-controlled AI mind. Instead of perceptions 


being manipulated through control of information and censorship 
those perceptions would come direct from the Cult through AI. 
What do you think? You think whatever AI decides that you think. 
In human terms there would be no individual ‘think’ any longer. Too 
incredible? The ravings of a lunatic? Not at all. Cult-owned crazies 
in Silicon Valley have been telling us the plan for years without 
explaining the real motivation and calculated implications. These 
include Google executive and ‘futurist’ Ray Kurzweil who highlights 
the year 2030 for when this would be underway. He said: 


Our thinking ... will be a hybrid of biological and non-biological thinking ... humans will be 
able to extend their limitations and ‘think in the cloud’ ... We’re going to put gateways to the 
cloud in our brains ... We're going to gradually merge and enhance ourselves ... In my view, 
that’s the nature of being human — we transcend our limitations. 


As the technology becomes vastly superior to what we are then the small proportion that is 
still human gets smaller and smaller and smaller until it’s just utterly negligible. 


The sales-pitch of Kurzweil and Cult-owned Silicon Valley is that 
this would make us ‘super-human’ when the real aim is to make us 
post-human and no longer ‘human’ in the sense that we have come 
to know. The entire global population would be connected to AI and 
become the centrally-controlled ‘hive-mind’ of externally-delivered 
perceptions. The Smart Grid being installed to impose the Cult’s will 
on the world is being constructed to allow particular locations — even 
one location — to control the whole global system. From these prime 
control centres, which absolutely include China and Israel, anything 
connected to the Internet would be switched on or off and 
manipulated at will. Energy systems could be cut, communication 
via the Internet taken down, computer-controlled driverless 
autonomous vehicles driven off the road, medical devices switched 
off, the potential is limitless given how much AI and Internet 
connections now run human society. We have seen nothing yet if we 
allow this to continue. Autonomous vehicle makers are working 
with law enforcement to produce cars designed to automatically pull 
over if they detect a police or emergency vehicle flashing from up to 
100 feet away. At a police stop the car would be unlocked and the 


window rolled down automatically. Vehicles would only take you 
where the computer (the state) allowed. The end of petrol vehicles 
and speed limiters on all new cars in the UK and EU from 2022 are 
steps leading to electric computerised transport over which 
ultimately you have no control. The picture is far bigger even than 
the Cult global network or web and that will become clear when I 
get to the nature of the ‘spider’. There is a connection between all 
these happenings and the instigation of DNA-manipulating 
‘vaccines’ (which aren’t ‘vaccines’) justified by the ‘Covid’ hoax. That 
connection is the unfolding plan to transform the human body from 
a biological to a synthetic biological state and this is why synthetic 
biology is such a fast-emerging discipline of mainstream science. 
‘Covid vaccines’ are infusing self-replicating synthetic genetic 
material into the cells to cumulatively take us on the Totalitarian 
Tiptoe from Human 1.0 to the synthetic biological Human 2.0 which 
will be physically and perceptually attached to the Smart Grid to one 
hundred percent control every thought, perception and deed. 
Humanity needs to wake up and fast. 


This is the barest explanation of where the ‘outcome’ is planned to 
go but it’s enough to see the journey happening all around us. Those 
new to this information will already see ‘Covid’ in a whole new 
context. I will add much more detail as we go along, but for the 
minutiae evidence see my mega-works, The Answer, The Trigger and 
Everything You Need to Know But Have Never Been Told. 

Now — how does a Renegade Mind see the ‘world’? 


CHAPTER TWO 
Renegade Perception 


It is one thing to be clever and another to be wise 
George R.R. Martin 


simple definition of the difference between a programmed 

mind and a Renegade Mind would be that one sees only dots 
while the other connects them to see the picture. Reading reality 
with accuracy requires the observer to (a) know the planned 
outcome and (b) realise that everything, but everything, is connected. 


The entirety of infinite reality is connected — that’s its very nature — 
and with human society an expression of infinite reality the same 
must apply. Simple cause and effect is a connection. The effect is 
triggered by the cause and the effect then becomes the cause of 
another effect. Nothing happens in isolation because it can’t. Life in 
whatever reality is simple choice and consequence. We make choices 
and these lead to consequences. If we don’t like the consequences we 
can make different choices and get different consequences which 
lead to other choices and consequences. The choice and the 
consequence are not only connected they are indivisible. You can’t 
have one without the other as an old song goes. A few cannot 
control the world unless those being controlled allow that to happen 
— cause and effect, choice and consequence. Control — who has it and 
who doesn’t — is a two-way process, a symbiotic relationship, 
involving the controller and controlled. “They took my freedom 
away!!’ Well, yes, but you also gave it to them. Humanity is 


subjected to mass control because humanity has acquiesced to that 
control. This is all cause and effect and literally a case of give and 
take. In the same way world events of every kind are connected and 
the Cult works incessantly to sell the illusion of the random and 
coincidental to maintain the essential (to them) perception of dots 
that hide the picture. Renegade Minds know this and constantly 
scan the world for patterns of connection. This is absolutely pivotal 
in understanding the happenings in the world and without that 
perspective clarity is impossible. First you know the planned 
outcome and then you identify the steps on the journey — the day-by- 
day apparently random which, when connected in relation to the 
outcome, no longer appear as individual events, but as the 
proverbial chain of events leading in the same direction. I’ll give you 
some examples: 


Political puppet show 

We are told to believe that politics is ‘adversarial’ in that different 
parties with different beliefs engage in an endless tussle for power. 
There may have been some truth in that up to a point — and only a 
point — but today divisions between ‘different’ parties are rhetorical 
not ideological. Even the rhetorical is fusing into one-speak as the 
parties eject any remaining free thinkers while others succumb to the 
ever-gathering intimidation of anyone with the ‘wrong’ opinion. The 
Cult is not anew phenomenon and can be traced back thousands of 
years as my books have documented. Its intergenerational initiates 
have been manipulating events with increasing effect the more that 
global power has been centralised. In ancient times the Cult secured 
control through the system of monarchy in which ‘special’ 
bloodlines (of which more later) demanded the right to rule as kings 
and queens simply by birthright and by vanquishing others who 
claimed the same birthright. There came a time, however, when 
people had matured enough to see the unfairness of such tyranny 
and demanded a say in who governed them. Note the word — 
governed them. Not served them — governed them, hence government 
defined as ‘the political direction and control exercised over the 


actions of the members, citizens, or inhabitants of communities, 
societies, and states; direction of the affairs of a state, community, 
etc.’ Governments exercise control over rather than serve just like the 
monarchies before them. Bizarrely there are still countries like the 
United Kingdom which are ruled by a monarch and a government 
that officially answers to the monarch. The UK head of state and that 
of Commonwealth countries such as Canada, Australia and New 
Zealand is ‘selected’ by who in a single family had unprotected sex 
with whom and in what order. Pinch me it can’t be true. Ouch! Shit, 
it is. The demise of monarchies in most countries offered a potential 
vacuum in which some form of free and fair society could arise and 
the Cult had that base covered. Monarchies had served its interests 
but they couldn’t continue in the face of such widespread opposition 
and, anyway, replacing a ‘royal’ dictatorship that people could see 
with a dictatorship ‘of the people’ hiding behind the concept of 
‘democracy’ presented far greater manipulative possibilities and 
ways of hiding coordinated tyranny behind the illusion of ‘freedom’. 


Democracy is quite wrongly defined as government selected by 
the population. This is not the case at all. It is government selected 
by some of the population (and then only in theory). This ‘some’ 
doesn’t even have to be the majority as we have seen so often in first- 
past-the-post elections in which the so-called majority party wins 
fewer votes than the ‘losing’ parties combined. Democracy can give 
total power to a party in government from a minority of the votes 
cast. It’s a sleight of hand to sell tyranny as freedom. Seventy-four 
million Trump-supporting Americans didn’t vote for the 
‘Democratic’ Party of Joe Biden in the distinctly dodgy election in 
2020 and yet far from acknowledging the wishes and feelings of that 
great percentage of American society the Cult-owned Biden 
government set out from day one to destroy them and their right to a 
voice and opinion. Empty shell Biden and his Cult handlers said 
they were doing this to ‘protect democracy’. Such is the level of 
lunacy and sickness to which politics has descended. Connect the 
dots and relate them to the desired outcome — a world government 
run by self-appointed technocrats and no longer even elected 


politicians. While operating through its political agents in 
government the Cult is at the same time encouraging public distain 
for politicians by putting idiots and incompetents in theoretical 
power on the road to deleting them. The idea is to instil a public 
reaction that says of the technocrats: ‘Well, they couldn't do any 
worse than the pathetic politicians.’ It’s all about controlling 
perception and Renegade Minds can see through that while 
programmed minds cannot when they are ignorant of both the 
planned outcome and the manipulation techniques employed to 
secure that end. This knowledge can be learned, however, and fast if 
people choose to get informed. 


Politics may at first sight appear very difficult to control from a 
central point. I mean look at the ‘different’ parties and how would 
you be able to oversee them all and their constituent parts? In truth, 
it’s very straightforward because of their structure. We are back to 
the pyramid of imposition and acquiescence. Organisations are 
structured in the same way as the system as a whole. Political parties 
are not open forums of free expression. They are hierarchies. I was a 
national spokesman for the British Green Party which claimed to be 
a different kind of politics in which influence and power was 
devolved; but I can tell you from direct experience — and it’s far 
worse now -— that Green parties are run as hierarchies like all the 
others however much they may try to hide that fact or kid 
themselves that it’s not true. A very few at the top of all political 
parties are directing policy and personnel. They decide if you are 
elevated in the party or serve as a government minister and to do 
that you have to be a yes man or woman. Look at all the maverick 
political thinkers who never ascended the greasy pole. If you want to 
progress within the party or reach ‘high-office’ you need to fall into 
line and conform. Exceptions to this are rare indeed. Should you 
want to run for parliament or Congress you have to persuade the 
local or state level of the party to select you and for that you need to 
play the game as dictated by the hierarchy. If you secure election and 
wish to progress within the greater structure you need to go on 
conforming to what is acceptable to those running the hierarchy 


from the peak of the pyramid. Political parties are perceptual gulags 
and the very fact that there are party ‘Whips’ appointed to ‘whip’ 
politicians into voting the way the hierarchy demands exposes the 
ridiculous idea that politicians are elected to serve the people they 
are supposed to represent. Cult operatives and manipulation has 
long seized control of major parties that have any chance of forming 
a government and at least most of those that haven’t. A new party 
forms and the Cult goes to work to infiltrate and direct. This has 
reached such a level today that you see video compilations of 
‘leaders’ of all parties whether Democrats, Republicans, 
Conservative, Labour and Green parroting the same Cult mantra of 
‘Build Back Better’ and the ‘Great Reset’ which are straight off the 
Cult song-sheet to describe the transformation of global society in 
response to the Cult-instigated hoaxes of the ‘Covid pandemic’ and 
human-caused ‘climate change’. To see Caroline Lucas, the Green 
Party MP that I knew when I was in the party in the 1980s, speaking 
in support of plans proposed by Cult operative Klaus Schwab 
representing the billionaire global elite is a real head-shaker. 


Many parties — one master 

The party system is another mind-trick and was instigated to change 
the nature of the dictatorship by swapping ‘royalty’ for dark suits 
that people believed — though now ever less so — represented their 
interests. Understanding this trick is to realise that a single force (the 
Cult) controls all parties either directly in terms of the major ones or 
through manipulation of perception and ideology with others. You 
don’t need to manipulate Green parties to demand your 
transformation of society in the name of ‘climate change’ when they 
are obsessed with the lie that this is essential to ‘save the planet’. You 
just give them a platform and away they go serving your interests 
while believing they are being environmentally virtuous. America’s 
political structure is a perfect blueprint for how the two or multi- 
party system is really a one-party state. The Republican Party is 
controlled from one step back in the shadows by a group made up of 
billionaires and their gofers known as neoconservatives or Neocons. 


I have exposed them in fine detail in my books and they were the 
driving force behind the policies of the imbecilic presidency of Boy 
George Bush which included 9/11 (see The Trigger for a 
comprehensive demolition of the official story), the subsequent ‘war 
on terror’ (war of terror) and the invasions of Afghanistan and Iraq. 
The latter was a No-Problem-Reaction-Solution based on claims by 
Cult operatives, including Bush and British Prime Minister Tony 
Blair, about Saddam Hussein’s ‘weapons of mass destruction’ which 
did not exist as war criminals Bush and Blair well knew. 


Figure 6: Different front people, different parties — same control system. 


The Democratic Party has its own ‘Neocon’ group controlling 
from the background which I call the ‘Democons’ and here’s the 
penny-drop — the Neocons and Democons answer to the same 
masters one step further back into the shadows (Fig 6). At that level 
of the Cult the Republican and Democrat parties are controlled by 
the same people and no matter which is in power the Cult is in 
power. This is how it works in almost every country and certainly in 
Britain with Conservative, Labour, Liberal Democrat and Green 
parties now all on the same page whatever the rhetoric may be in 
their feeble attempts to appear different. Neocons operated at the 
time of Bush through a think tank called The Project for the New 
American Century which in September, 2000, published a document 
entitled Rebuilding America’s Defenses: Strategies, Forces, and Resources 


For a New Century demanding that America fight ‘multiple, 
simultaneous major theatre wars’ as a ‘core mission’ to force regime- 
change in countries including Iraq, Libya and Syria. Neocons 
arranged for Bush (‘Republican’) and Blair (‘Labour Party’) to front- 
up the invasion of Iraq and when they departed the Democons 
orchestrated the targeting of Libya and Syria through Barack Obama 
(‘Democrat’) and British Prime Minister David Cameron 
(‘Conservative Party’). We have ‘different’ parties and ‘different’ 
people, but the same unfolding script. The more the Cult has seized 
the reigns of parties and personnel the more their policies have 
transparently pursued the same agenda to the point where the 
fascist ‘Covid’ impositions of the Conservative junta of Jackboot 
Johnson in Britain were opposed by the Labour Party because they 
were not fascist enough. The Labour Party is likened to the US 
Democrats while the Conservative Party is akin to a British version 
of the Republicans and on both sides of the Atlantic they all speak 
the same language and support the direction demanded by the Cult 
although some more enthusiastically than others. It’s a similar story 
in country after country because it’s all centrally controlled. Oh, but 
what about Trump? I’ll come to him shortly. Political ‘choice’ in the 
‘party’ system goes like this: You vote for Party A and they get into 
government. You don’t like what they do so next time you vote for 
Party B and they get into government. You don’t like what they do 
when it’s pretty much the same as Party A and why wouldn't that be 
with both controlled by the same force? Given that only two, 
sometimes three, parties have any chance of forming a government 
to get rid of Party B that you don’t like you have to vote again for 
Party A which ... you don’t like. This, ladies and gentlemen, is what 
they call ‘democracy’ which we are told — wrongly — is a term 
interchangeable with ‘freedom’. 


The cult of cults 

At this point I need to introduce a major expression of the Global 
Cult known as Sabbatian-Frankism. Sabbatian is also spelt as 
Sabbatean. I will summarise here. I have published major exposés 


and detailed background in other works. Sabbatian-Frankism 
combines the names of two frauds posing as ‘Jewish’ men, Sabbatai 
Zevi (1626-1676), a rabbi, black magician and occultist who 
proclaimed he was the Jewish messiah; and Jacob Frank (1726-1791), 
the Polish ‘Jew’, black magician and occultist who said he was the 
reincarnation of ‘messiah’ Zevi and biblical patriarch Jacob. They 
worked across two centuries to establish the Sabbatian-Frankist cult 
that plays a major, indeed central, role in the manipulation of human 
society by the Global Cult which has its origins much further back in 
history than Sabbatai Zevi. I should emphasise two points here in 
response to the shrill voices that will scream ‘anti-Semitism’: (1) 
Sabbatian-Frankists are NOT Jewish and only pose as such to hide 
their cult behind a Jewish facade; and (2) my information about this 
cult has come from Jewish sources who have long realised that their 
society and community has been infiltrated and taken over by 
interloper Sabbatian-Frankists. Infiltration has been the foundation 
technique of Sabbatian-Frankism from its official origin in the 17th 
century. Zevi’s Sabbatian sect attracted a massive following 
described as the biggest messianic movement in Jewish history, 
spreading as far as Africa and Asia, and he promised a return for the 
Jews to the ‘Promised Land’ of Israel. Sabbatianism was not Judaism 
but an inversion of everything that mainstream Judaism stood for. So 
much so that this sinister cult would have a feast day when Judaism 
had a fast day and whatever was forbidden in Judaism the 
Sabbatians were encouraged and even commanded to do. This 
included incest and what would be today called Satanism. Members 
were forbidden to marry outside the sect and there was a system of 
keeping their children ignorant of what they were part of until they 
were old enough to be trusted not to unknowingly reveal anything 
to outsiders. The same system is employed to this day by the Global 
Cult in general which Sabbatian-Frankism has enormously 
influenced and now largely controls. 

Zevi and his Sabbatians suffered a setback with the intervention 
by the Sultan of the Islamic Ottoman Empire in the Middle East and 
what is now the Republic of Turkey where Zevi was located. The 


Sultan gave him the choice of proving his ‘divinity’, converting to 
Islam or facing torture and death. Funnily enough Zevi chose to 
convert or at least appear to. Some of his supporters were 
disillusioned and drifted away, but many did not with 300 families 
also converting — only in theory — to Islam. They continued behind 
this Islamic smokescreen to follow the goals, rules and rituals of 
Sabbatianism and became known as ‘crypto-Jews’ or the ‘Donmeh’ 
which means ‘to turn’. This is rather ironic because they didn’t ‘turn’ 
and instead hid behind a fake Islamic persona. The process of 
appearing to be one thing while being very much another would 
become the calling card of Sabbatianism especially after Zevi’s death 
and the arrival of the Satanist Jacob Frank in the 18th century when 
the cult became Sabbatian-Frankism and plumbed still new depths 
of depravity and infiltration which included -— still includes — human 
sacrifice and sex with children. Wherever Sabbatians go paedophilia 
and Satanism follow and is it really a surprise that Hollywood is so 
infested with child abuse and Satanism when it was established by 
Sabbatian-Frankists and is still controlled by them? Hollywood has 
been one of the prime vehicles for global perceptual programming 
and manipulation. How many believe the version of ‘history’ 
portrayed in movies when it is a travesty and inversion (again) of the 
truth? Rabbi Marvin Antelman describes Frankism in his book, To 
Eliminate the Opiate, as ‘a movement of complete evil’ while Jewish 
professor Gershom Scholem said of Frank in The Messianic Idea in 
Judaism: ‘Tn all his actions [he was] a truly corrupt and degenerate 
individual ... one of the most frightening phenomena in the whole of 
Jewish history.’ Frank was excommunicated by traditional rabbis, as 
was Zevi, but Frank was undeterred and enjoyed vital support from 
the House of Rothschild, the infamous banking dynasty whose 
inner-core are Sabbatian-Frankists and not Jews. Infiltration of the 
Roman Church and Vatican was instigated by Frank with many 
Donmeh ‘turning’ again to convert to Roman Catholicism with a 
view to hijacking the reins of power. This was the ever-repeating 
modus operandi and continues to be so. Pose as an advocate of the 
religion, culture or country that you want to control and then 


manipulate your people into the positions of authority and influence 
largely as advisers, administrators and Svengalis for those that 
appear to be in power. They did this with Judaism, Christianity 
(Christian Zionism is part of this), Islam and other religions and 
nations until Sabbatian-Frankism spanned the world as it does 
today. 


Sabbatian Saudis and the terror network 

One expression of the Sabbatian-Frankist Donmeh within Islam is 
the ruling family of Saudi Arabia, the House of Saud, through which 
came the vile distortion of Islam known as Wahhabism. This is the 
violent creed followed by terrorist groups like Al-Qaeda and ISIS or 
Islamic State. Wahhabism is the hand-chopping, head-chopping 
‘religion’ of Saudi Arabia which is used to keep the people in a 
constant state of fear so the interloper House of Saud can continue to 
rule. Al-Qaeda and Islamic State were lavishly funded by the House 
of Saud while being created and directed by the Sabbatian-Frankist 
network in the United States that operates through the Pentagon, 
CIA and the government in general of whichever ‘party’. The front 
man for the establishment of Wahhabism in the middle of the 18th 
century was a Sabbatian-Frankist ‘crypto-Jew’ posing as Islamic 
called Muhammad ibn Abd al-Wahhab. His daughter would marry 
the son of Muhammad bin Saud who established the first Saudi state 
before his death in 1765 with support from the British Empire. Bin 
Saud’s successors would establish modern Saudi Arabia in league 
with the British and Americans in 1932 which allowed them to seize 
control of Islam’s major shrines in Mecca and Medina. They have 
dictated the direction of Sunni Islam ever since while Iran is the 
major centre of the Shiite version and here we have the source of at 
least the public conflict between them. The Sabbatian network has 
used its Wahhabi extremists to carry out Problem-Reaction-Solution 
terrorist attacks in the name of ‘Al-Qaeda’ and ‘Islamic State’ to 
justify a devastating ‘war on terror’, ever-increasing surveillance of 
the population and to terrify people into compliance. Another 
insight of the Renegade Mind is the streetwise understanding that 


just because a country, location or people are attacked doesn’t mean 
that those apparently representing that country, location or people 
are not behind the attackers. Often they are orchestrating the attacks 
because of the societal changes that can be then justified in the name 
of ‘saving the population from terrorists’. 


I show in great detail in The Trigger how Sabbatian-Frankists were 
the real perpetrators of 9/11 and not ‘19 Arab hijackers’ who were 
blamed for what happened. Observe what was justified in the name 
of 9/11 alone in terms of Middle East invasions, mass surveillance 
and control that fulfilled the demands of the Project for the New 
American Century document published by the Sabbatian Neocons. 
What appear to be enemies are on the deep inside players on the 
same Sabbatian team. Israel and Arab ‘royal’ dictatorships are all 
ruled by Sabbatians and the recent peace agreements between Israel 
and Saudi Arabia, the United Arab Emirates (UAE) and others are 
only making formal what has always been the case behind the 
scenes. Palestinians who have been subjected to grotesque tyranny 
since Israel was bombed and terrorised into existence in 1948 have 
never stood a chance. Sabbatian-Frankists have controlled Israel (so 
the constant theme of violence and war which Sabbatians love) and 
they have controlled the Arab countries that Palestinians have 
looked to for real support that never comes. ‘Royal families’ of the 
Arab world in Saudi Arabia, Bahrain, UAE, etc., are all Sabbatians 
with allegiance to the aims of the cult and not what is best for their 
Arabic populations. They have stolen the oil and financial resources 
from their people by false claims to be ‘royal dynasties’ with a 
genetic right to rule and by employing vicious militaries to impose 
their will. 


Satanic ‘illumination’ 

The Satanist Jacob Frank formed an alliance in 1773 with two other 
Sabbatians, Mayer Amschel Rothschild (1744-1812), founder of the 
Rothschild banking dynasty, and Jesuit-educated fraudulent Jew, 
Adam Weishaupt, and this led to the formation of the Bavarian 
Illuminati, firstly under another name, in 1776. The Illuminati would 


be the manipulating force behind the French Revolution (1789-1799) 
and was also involved in the American Revolution (1775-1783) 
before and after the Illuminati’s official creation. Weishaupt would 
later become (in public) a Protestant Christian in archetypal 
Sabbatian style. I read that his name can be decoded as Adam-Weis- 
haupt or ‘the first man to lead those who know’. He wasn’t a leader 
in the sense that he was a subordinate, but he did lead those below 
him in a crusade of transforming human society that still continues 
today. The theme was confirmed as early as 1785 when a horseman 
courier called Lanz was reported to be struck by lighting and 
extensive Illuminati documents were found in his saddlebags. They 
made the link to Weishaupt and detailed the plan for world takeover. 
Current events with ‘Covid’ fascism have been in the making for a 
very long time. Jacob Frank was jailed for 13 years by the Catholic 
Inquisition after his arrest in 1760 and on his release he headed for 
Frankfurt, Germany, home city and headquarters of the House of 
Rothschild where the alliance was struck with Mayer Amschel 
Rothschild and Weishaupt. Rothschild arranged for Frank to be 
given the title of Baron and he became a wealthy nobleman with a 
big following of Jews in Germany, the Austro-Hungarian Empire 
and other European countries. Most of them would have believed he 
was on their side. 

The name ‘Illuminati’ came from the Zohar which is a body of 
works in the Jewish mystical ‘bible’ called the Kabbalah. ‘Zohar’ is 
the foundation of Sabbatian-Frankist belief and in Hebrew ‘Zohar’ 
means ‘splendour’, ‘radiance’, ‘illuminated’, and so we have 
‘Tlluminati’. They claim to be the ‘Illuminated Ones’ from their 
knowledge systematically hidden from the human population and 
passed on through generations of carefully-chosen initiates in the 
global secret society network or Cult. Hidden knowledge includes 
an awareness of the Cult agenda for the world and the nature of our 
collective reality that I will explore later. Cult ‘illumination’ is 
symbolised by the torch held by the Statue of Liberty which was 
gifted to New York by French Freemasons in Paris who knew exactly 
what it represents. ‘Liberty’ symbolises the goddess worshipped in 


Babylon as Queen Semiramis or Ishtar. The significance of this will 
become clear. Notice again the ubiquitous theme of inversion with 
the Statue of ‘Liberty’ really symbolising mass control (Fig 7). A 
mirror-image statute stands on an island in the River Seine in Paris 
from where New York Liberty originated (Fig 8). A large replica of 
the Liberty flame stands on top of the Pont de l’Alma tunnel in Paris 
where Princess Diana died in a Cult ritual described in The Biggest 
Secret. Lucifer ‘the light bringer’ is related to all this (and much more 
as we'll see) and ‘Lucifer’ is a central figure in Sabbatian-Frankism 
and its associated Satanism. Sabbatians reject the Jewish Torah, or 
Pentateuch, the “five books of Moses’ in the Old Testament known as 
Genesis, Exodus, Leviticus, Numbers, and Deuteronomy which are 
claimed by Judaism and Christianity to have been dictated by ‘God’ 
to Moses on Mount Sinai. Sabbatians say these do not apply to them 
and they seek to replace them with the Zohar to absorb Judaism and 
its followers into their inversion which is an expression of a much 
greater global inversion. They want to delete all religions and force 
humanity to worship a one-world religion — Sabbatian Satanism that 
also includes worship of the Earth goddess. Satanic themes are being 
more and more introduced into mainstream society and while 
Christianity is currently the foremost target for destruction the 
others are planned to follow. 


Figure 7: The Cult goddess of Babylon disguised as the Statue of Liberty holding the flame of 
Lucifer the ‘light bringer’. 
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Figure 8: Liberty’s mirror image in Paris where the New York version originated. 


Marx brothers 

Rabbi Marvin Antelman connects the Illuminati to the Jacobins in To 
Eliminate the Opiate and Jacobins were the force behind the French 
Revolution. He links both to the Bund der Gerechten, or League of 
the Just, which was the network that inflicted communism/Marxism 
on the world. Antelman wrote: 


The original inner circle of the Bund der Gerechten consisted of born Catholics, Protestants 
and Jews [Sabbatian-Frankist infiltrators], and those representatives of respective subdivisions 
formulated schemes for the ultimate destruction of their faiths. The heretical Catholics laid 
plans which they felt would take a century or more for the ultimate destruction of the church; 
the apostate Jews for the ultimate destruction of the Jewish religion. 


Sabbatian-created communism connects into this anti-religion 
agenda in that communism does not allow for the free practice of 
religion. The Sabbatian ‘Bund’ became the International Communist 
Party and Communist League and in 1848 ‘Marxism’ was born with 
the Communist Manifesto of Sabbatian assets Karl Marx and 
Friedrich Engels. It is absolutely no coincidence that Marxism, just a 
different name for fascist and other centrally-controlled tyrannies, is 
being imposed worldwide as a result of the ‘Covid’ hoax and nor 
that Marxist/fascist China was the place where the hoax originated. 
The reason for this will become very clear in the chapter “Covid: The 
calculated catastrophe’. The so-called ‘Woke’ mentality has hijacked 


traditional beliefs of the political left and replaced them with far- 
right make-believe ‘social justice’ better known as Marxism. Woke 
will, however, be swallowed by its own perceived ‘revolution’ which 
is really the work of billionaires and billionaire corporations feigning 
being ‘Woke’. Marxism is being touted by Wokers as a replacement 
for ‘capitalism’ when we don’t have ‘capitalism’. We have cartelism 
in which the market is stitched up by the very Cult billionaires and 
corporations bankrolling Woke. Billionaires love Marxism which 
keeps the people in servitude while they control from the top. 
Terminally naive Wokers think they are ‘changing the world’ when 
it’s the Cult that is doing the changing and when they have played 
their vital part and become surplus to requirements they, too, will be 
targeted. The Illuminati-Jacobins were behind the period known as 
‘The Terror’ in the French Revolution in 1793 and 1794 when Jacobin 
Maximillian de Robespierre and his Orwellian ‘Committee of Public 
Safety’ killed 17,000 ‘enemies of the Revolution’ who had once been 
‘friends of the Revolution’. Karl Marx (1818-1883), whose Sabbatian 
creed of Marxism has cost the lives of at least 100 million people, is a 
hero once again to Wokers who have been systematically kept 
ignorant of real history by their ‘education’ programming. As a 
result they now promote a Sabbatian ‘Marxist’ abomination destined 
at some point to consume them. Rabbi Antelman, who spent decades 
researching the Sabbatian plot, said of the League of the Just and 
Karl Marx: 


Contrary to popular opinion Karl Marx did not originate the Communist Manifesto. He was 
paid for his services by the League of the Just, which was known in its country of origin, 
Germany, as the Bund der Geaechteten. 


Antelman said the text attributed to Marx was the work of other 
people and Marx ‘was only repeating what others already said’. 
Marx was ‘a hired hack — lackey of the wealthy Illuminists’. Marx 
famously said that religion was the ‘opium of the people’ (part of the 
Sabbatian plan to demonise religion) and Antelman called his books, 
To Eliminate the Opiate. Marx was born Jewish, but his family 
converted to Christianity (Sabbatian modus operandi) and he 


attacked Jews, not least in his book, A World Without Jews. In doing 
so he supported the Sabbatian plan to destroy traditional Jewishness 
and Judaism which we are clearly seeing today with the vindictive 
targeting of orthodox Jews by the Sabbatian government of Israel 
over ‘Covid’ laws. I don’t follow any religion and it has done much 
damage to the world over centuries and acted as a perceptual 
straightjacket. Renegade Minds, however, are always asking why 
something is being done. It doesn’t matter if they agree or disagree 
with what is happening — why is it happening is the question. The 
‘why?’ can be answered with regard to religion in that religions 
create interacting communities of believers when the Cult wants to 
dismantle all discourse, unity and interaction (see ‘Covid’ 
lockdowns) and the ultimate goal is to delete all religions for a one- 
world religion of Cult Satanism worshipping their ‘god’ of which 
more later. We see the same ‘why?’ with gun control in America. I 
don’t have guns and don’t want them, but why is the Cult seeking to 
disarm the population at the same time that law enforcement 
agencies are armed to their molars and why has every tyrant in 
history sought to disarm people before launching the final takeover? 
They include Hitler, Stalin, Pol Pot and Mao who followed 
confiscation with violent seizing of power. You know it’s a Cult 
agenda by the people who immediately race to the microphones to 
exploit dead people in multiple shootings. Ultra-Zionist Cult lackey 
Senator Chuck Schumer was straight on the case after ten people 
were killed in Boulder, Colorado in March, 2121. Simple rule ... if 
Schumer wants it the Cult wants it and the same with his ultra- 
Zionist mate the wild-eyed Senator Adam Schiff. At the same time 
they were calling for the disarmament of Americans, many of whom 
live a long way from a police response, Schumer, Schiff and the rest 
of these pampered clowns were sitting on Capitol Hill behind a 
razor-wired security fence protected by thousands of armed troops 
in addition to their own armed bodyguards. Mom and pop in an 
isolated home? They’re just potential mass shooters. 


Sabbatian-Frankists and most importantly the Rothschilds were 
behind the creation of ‘Zionism’, a political movement that 
demanded a Jewish homeland in Israel as promised by Sabbatai 
Zevi. The very symbol of Israel comes from the German meaning of 
the name Rothschild. Dynasty founder Mayer Amschel Rothschild 
changed the family name from Bauer to Rothschild, or “Red-Shield’ 
in German, in deference to the six-pointed ‘Star of David’ hexagram 
displayed on the family’s home in Frankfurt. The symbol later 
appeared on the flag of Israel after the Rothschilds were centrally 
involved in its creation. Hexagrams are not a uniquely Jewish 
symbol and are widely used in occult (‘hidden’) networks often as a 
symbol for Saturn (see my other books for why). Neither are 
Zionism and Jewishness interchangeable. Zionism is a political 
movement and philosophy and not a ‘race’ or a people. Many Jews 
oppose Zionism and many non-Jews, including US President Joe 
Biden, call themselves Zionists as does Israel-centric Donald Trump. 
America’s support for the Israel government is pretty much a gimme 
with ultra-Zionist billionaires and corporations providing fantastic 
and dominant funding for both political parties. Former 
Congresswoman Cynthia McKinney has told how she was 
approached immediately she ran for office to ‘sign the pledge’ to 
Israel and confirm that she would always vote in that country’s best 
interests. All American politicians are approached in this way. 
Anyone who refuses will get no support or funding from the 
enormous and all-powerful Zionist lobby that includes organisations 
like mega-lobby group AIPAC, the American Israel Public Affairs 
Committee. Trump’s biggest funder was ultra-Zionist casino and 
media billionaire Sheldon Adelson while major funders of the 
Democratic Party include ultra-Zionist George Soros and ultra- 
Zionist financial and media mogul, Haim Saban. Some may reel back 
at the suggestion that Soros is an Israel-firster (Sabbatian-controlled 
Israel-firster), but Renegade Minds watch the actions not the words 
and everywhere Soros donates his billions the Sabbatian agenda 
benefits. In the spirit of Sabbatian inversion Soros pledged $1 billion 
for anew university network to promote ‘liberal values and tackle 
intolerance’. He made the announcement during his annual speech 


at the Cult-owned World Economic Forum in Davos, Switzerland, in 
January, 2020, after his ‘harsh criticism’ of ‘authoritarian rulers’ 
around the world. You can only laugh at such brazen mendacity. 
How he doesn’t laugh is the mystery. Translated from the Orwellian 
‘liberal values and tackle intolerance’ means teaching non-white 
people to hate white people and for white people to loathe 
themselves for being born white. The reason for that will become 
clear. 


The ‘Anti-Semitism fraud 

Zionists support the Jewish homeland in the land of Palestine which 
has been the Sabbatian-Rothschild goal for so long, but not for the 
benefit of Jews. Sabbatians and their global Anti-Semitism Industry 
have skewed public and political opinion to equate opposing the 
violent extremes of Zionism to be a blanket attack and condemnation 
of all Jewish people. Sabbatians and their global Anti-Semitism 
Industry have skewed public and political opinion to equate 
opposing the violent extremes of Zionism to be a blanket attack and 
condemnation of all Jewish people. This is nothing more than a 
Sabbatian protection racket to stop legitimate investigation and 
exposure of their agendas and activities. The official definition of 
‘anti-Semitism’ has more recently been expanded to include criticism 
of Zionism — a political movement — and this was done to further stop 
exposure of Sabbatian infiltrators who created Zionism as we know 
it today in the 19th century. Renegade Minds will talk about these 
subjects when they know the shit that will come their way. People 
must decide if they want to know the truth or just cower in the 
corner in fear of what others will say. Sabbatians have been trying to 
label me as ‘anti-Semitic’ since the 1990s as I have uncovered more 
and more about their background and agendas. Useless, gutless, 
fraudulent ‘journalists’ then just repeat the smears without question 
and on the day I was writing this section a pair of unquestioning 
repeaters called Ben Quinn and Archie Bland (how appropriate) 
outright called me an ‘anti-Semite’ in the establishment propaganda 
sheet, the London Guardian, with no supporting evidence. The 


Sabbatian Anti-Semitism Industry said so and who are they to 
question that? They wouldn’t dare. Ironically ‘Semitic’ refers to a 
group of languages in the Middle East that are almost entirely 
Arabic. ‘Anti-Semitism’ becomes ‘anti-Arab’ which if the 
consequences of this misunderstanding were not so grave would be 
hilarious. Don’t bother telling Quinn and Bland. I don’t want to 
confuse them, bless ‘em. One reason Iam dubbed ‘anti-Semitic’ is 
that I wrote in the 1990s that Jewish operatives (Sabbatians) were 
heavily involved in the Russian Revolution when Sabbatians 
overthrew the Romanov dynasty. This apparently made me ‘anti- 
Semitic’. Oh, really? Here is a section from The Trigger: 


British journalist Robert Wilton confirmed these themes in his 1920 book The Last Days of the 
Romanovs when he studied official documents from the Russian government to identify the 
members of the Bolshevik ruling elite between 1917 and 1919. The Central Committee 
included 41 Jews among 62 members; the Council of the People’s Commissars had 17 Jews 
out of 22 members; and 458 of the 556 most important Bolshevik positions between 1918 and 
1919 were occupied by Jewish people. Only 17 were Russian. Then there were the 23 Jews 
among the 36 members of the vicious Cheka Soviet secret police established in 1917 who 
would soon appear all across the country. 


Professor Robert Service of Oxford University, an expert on 20th century Russian history, 
found evidence that [‘Jewish’] Leon Trotsky had sought to make sure that Jews were enrolled 
in the Red Army and were disproportionately represented in the Soviet civil bureaucracy that 
included the Cheka which performed mass arrests, imprisonment and executions of ‘enemies 
of the people’. A US State Department Decimal File (861.00/5339) dated November 13th, 
1918, names [Rothschild banking agent in America] Jacob Schiff and a list of ultra-Zionists as 
funders of the Russian Revolution leading to claims of a ‘Jewish plot’, but the key point missed 
by all is they were not ‘Jews’ — they were Sabbatian-Frankists. 


Britain’s Winston Churchill made the same error by mistake or 
otherwise. He wrote in a 1920 edition of the Illustrated Sunday Herald 
that those behind the Russian revolution were part of a “worldwide 
conspiracy for the overthrow of civilisation and for the 
reconstitution of society on the basis of arrested development, of 
envious malevolence, and impossible equality’ (see ‘Woke’ today 
because that has been created by the same network). Churchill said 
there was no need to exaggerate the part played in the creation of 
Bolshevism and in the actual bringing about of the Russian 


Revolution ‘by these international and for the most part atheistical 
Jews’ [‘atheistical Jews’ = Sabbatians]. Churchill said it is certainly a 
very great one and probably outweighs all others: ‘With the notable 
exception of Lenin, the majority of the leading figures are Jews.’ He 
went on to describe, knowingly or not, the Sabbatian modus 
operandi of placing puppet leaders nominally in power while they 
control from the background: 


Moreover, the principal inspiration and driving power comes from the Jewish leaders. Thus 
Tchitcherin, a pure Russian, is eclipsed by his nominal subordinate, Litvinoff, and the 
influence of Russians like Bukharin or Lunacharski cannot be compared with the power of 
Trotsky, or of Zinovieff, the Dictator of the Red Citadel (Petrograd), or of Krassin or Radek — all 
Jews. In the Soviet institutions the predominance of Jews is even more astonishing. And the 
prominent, if not indeed the principal, part in the system of terrorism applied by the 
Extraordinary Commissions for Combatting Counter-Revolution has been taken by Jews, and 
in some notable cases by Jewesses. 


What I said about seriously disproportionate involvement in the 
Russian Revolution by Jewish ‘revolutionaries’ (Sabbatians) is 
provable fact, but truth is no defence against the Sabbatian Anti- 
Semitism Industry, its repeater parrots like Quinn and Bland, and 
the now breathtaking network of so-called ‘Woke’ ‘anti-hate’ groups 
with interlocking leaderships and funding which have the role of 
discrediting and silencing anyone who gets too close to exposing the 
Sabbatians. We have seen ‘truth is no defence’ confirmed in legal 
judgements with the Saskatchewan Human Rights Commission in 
Canada decreeing this: ‘Truthful statements can be presented in a 
manner that would meet the definition of hate speech, and not all 
truthful statements must be free from restriction.’ Most ‘anti-hate’ 
activists, who are themselves consumed by hatred, are too stupid 
and ignorant of the world to know how they are being used. They 
are far too far up their own virtue-signalling arses and it’s far too 
dark for them to see anything. 


The ‘revolution’ game 


The background and methods of the ‘Russian’ Revolution are 
straight from the Sabbatian playbook seen in the French Revolution 


and endless others around the world that appear to start as a 
revolution of the people against tyrannical rule and end up with a 
regime change to more tyrannical rule overtly or covertly. Wars, 
terror attacks and regime overthrows follow the Sabbatian cult 
through history with its agents creating them as Problem-Reaction- 
Solutions to remove opposition on the road to world domination. 
Sabbatian dots connect the Rothschilds with the Illuminati, Jacobins 
of the French Revolution, the ‘Bund’ or League of the Just, the 
International Communist Party, Communist League and the 
Communist Manifesto of Karl Marx and Friedrich Engels that would 
lead to the Rothschild-funded Russian Revolution. The sequence 
comes under the heading of ‘creative destruction’ when you advance 
to your global goal by continually destroying the status quo to install 
a new status quo which you then also destroy. The two world wars 
come to mind. With each new status quo you move closer to your 
planned outcome. Wars and mass murder are to Sabbatians a 
collective blood sacrifice ritual. They are obsessed with death for 
many reasons and one is that death is an inversion of life. Satanists 
and Sabbatians are obsessed with death and often target churches 
and churchyards for their rituals. Inversion-obsessed Sabbatians 
explain the use of inverted symbolism including the inverted 
pentagram and inverted cross. The inversion of the cross has been 
related to targeting Christianity, but the cross was a religious symbol 
long before Christianity and its inversion is a statement about the 
Sabbatian mentality and goals more than any single religion. 


Sabbatians operating in Germany were behind the rise of the 
occult-obsessed Nazis and the subsequent Jewish exodus from 
Germany and Europe to Palestine and the United States after World 
War Two. The Rothschild dynasty was at the forefront of this both as 
political manipulators and by funding the operation. Why would 
Sabbatians help to orchestrate the horrors inflicted on Jews by the 
Nazis and by Stalin after they organised the Russian Revolution? 
Sabbatians hate Jews and their religion, that’s why. They pose as 
Jews and secure positions of control within Jewish society and play 
the ‘anti-Semitism’ card to protect themselves from exposure 


through a global network of organisations answering to the 
Sabbatian-created-and-controlled globe-spanning intelligence 
network that involves a stunning web of military-intelligence 
operatives and operations for a tiny country of just nine million. 
Among them are Jewish assets who are not Sabbatians but have been 
convinced by them that what they are doing is for the good of Israel 
and the Jewish community to protect them from what they have 
been programmed since childhood to believe is a Jew-hating hostile 
world. The Jewish community is just a highly convenient cover to 
hide the true nature of Sabbatians. Anyone getting close to exposing 
their game is accused by Sabbatian place-people and gofers of ‘anti- 
Semitism’ and claiming that all Jews are part of a plot to take over 
the world. I am not saying that. I am saying that Sabbatians — the real 
Jew-haters — have infiltrated the Jewish community to use them both 
as a cover and an ‘anti-Semitic’ defence against exposure. Thus we 
have the Anti-Semitism Industry targeted researchers in this way 
and most Jewish people think this is justified and genuine. They 
don’t know that their ‘Jewish’ leaders and institutions of state, 
intelligence and military are not controlled by Jews at all, but cultists 
and stooges of Sabbatian-Frankism. I once added my name to a pro- 
Jewish freedom petition online and the next time I looked my name 
was gone and text had been added to the petition blurb to attack me 
as an ‘anti-Semite’ such is the scale of perceptual programming. 


I tell the story in The Trigger and a chapter called ‘Atlantic Crossing’ 
how particularly after Israel was established the Sabbatians moved 
in on the United States and eventually grasped control of 
government administration, the political system via both Democrats 
and Republicans, the intelligence community like the CIA and 
National Security Agency (NSA), the Pentagon and mass media. 
Through this seriously compartmentalised network Sabbatians and 
their operatives in Mossad, Israeli Defense Forces (IDF) and US 
agencies pulled off 9/11 and blamed it on 19 ‘Al-Qaeda hijackers’ 
dominated by men from, or connected to, Sabbatian-ruled Saudi 


Arabia. The ‘19’ were not even on the planes let alone flew those big 
passenger jets into buildings while being largely incompetent at 
piloting one-engine light aircraft. ‘Hijacker’ Hani Hanjour who is 
said to have flown American Airlines Flight 77 into the Pentagon 
with a turn and manoeuvre most professional pilots said they would 
have struggled to do was banned from renting a small plane by 
instructors at the Freeway Airport in Bowie, Maryland, just six weeks 
earlier on the grounds that he was an incompetent pilot. The Jewish 
population of the world is just 0.2 percent with even that almost 
entirely concentrated in Israel (75 percent Jewish) and the United 
States (around two percent). This two percent and globally 0.2 
percent refers to Jewish people and not Sabbatian interlopers who are 
a fraction of that fraction. What a sobering thought when you think 
of the fantastic influence on world affairs of tiny Israel and that the 
Project for the New America Century (PNAC) which laid out the 
blueprint in September, 2000, for America’s war on terror and regime 
change wars in Iraq, Libya and Syria was founded and dominated by 
Sabbatians known as ‘Neocons’. The document conceded that this 
plan would not be supported politically or publicly without a major 
attack on American soil and a Problem-Reaction-Solution excuse to 
send troops to war across the Middle East. Sabbatian Neocons said: 


... [The] process of transformation ... [war and regime change] ... is likely to be a long one, 
absent some catastrophic and catalysing event — like a new Pearl Harbor. 


Four months later many of those who produced that document 
came to power with their inane puppet George Bush from the long- 
time Sabbatian Bush family. They included Sabbatian Dick Cheney 
who was Officially vice-president, but really de-facto president for 
the entirety of the ‘Bush’ government. Nine months after the ‘Bush’ 
inauguration came what Bush called at the time ‘the Pearl Harbor of 
the 21st century’ and with typical Sabbatian timing and symbolism 
2001 was the 60th anniversary of the attack in 1941 by the Japanese 
Air Force on Pearl Harbor, Hawaii, which allowed President 
Franklin Delano Roosevelt to take the United States into a Sabbatian- 


instigated Second World War that he said in his election campaign 
that he never would. The evidence is overwhelming that Roosevelt 
and his military and intelligence networks knew the attack was 
coming and did nothing to stop it, but they did make sure that 
America’s most essential naval ships were not in Hawaii at the time. 
Three thousand Americans died in the Pearl Harbor attacks as they 
did on September 11th. By the 9/11 year of 2001 Sabbatians had 
widely infiltrated the US government, military and intelligence 
operations and used their compartmentalised assets to pull off the 
‘Al-Qaeda’ attacks. If you read The Trigger it will blow your mind to 
see the utterly staggering concentration of ‘Jewish’ operatives 
(Sabbatian infiltrators) in essential positions of political, security, 
legal, law enforcement, financial and business power before, during, 
and after the attacks to make them happen, carry them out, and then 
cover their tracks — and I do mean staggering when you think of that 
0.2 percent of the world population and two percent of Americans 
which are Jewish while Sabbatian infiltrators are a fraction of that. A 
central foundation of the 9/11 conspiracy was the hijacking of 
government, military, Air Force and intelligence computer systems 
in real time through “back-door’ access made possible by Israeli 
(Sabbatian) ‘cyber security’ software. Sabbatian-controlled Israel is 
on the way to rivalling Silicon Valley for domination of cyberspace 
and is becoming the dominant force in cyber-security which gives 
them access to entire computer systems and their passcodes across 
the world. Then add to this that Zionists head (officially) Silicon 
Valley giants like Google (Larry Page and Sergey Brin), Google- 
owned YouTube (Susan Wojcicki), Facebook (Mark Zuckerberg and 
Sheryl Sandberg), and Apple (Chairman Arthur D. Levinson), and 
that ultra-Zionist hedge fund billionaire Paul Singer has a $1 billion 
stake in Twitter which is only nominally headed by ‘CEO’ pothead 
Jack Dorsey. As cable news host Tucker Carlson said of Dorsey: 
‘There used to be debate in the medical community whether 
dropping a ton of acid had permanent effects and I think that debate 
has now ended.’ Carlson made the comment after Dorsey told a 
hearing on Capitol Hill (if you cut through his bullshit) that he 


believed in free speech so long as he got to decide what you can hear 
and see. These ‘big names’ of Silicon Valley are only front men and 
women for the Global Cult, not least the Sabbatians, who are the true 
controllers of these corporations. Does anyone still wonder why 
these same people and companies have been ferociously censoring 
and banning people (like me) for exposing any aspect of the Cult 
agenda and especially the truth about the ‘Covid’ hoax which 
Sabbatians have orchestrated? 

The Jeffrey Epstein paedophile ring was a Sabbatian operation. He 
was Officially ‘Jewish’ but he was a Sabbatian and women abused by 
the ring have told me about the high number of ‘Jewish’ people 
involved. The Epstein horror has Sabbatian written all over it and 
matches perfectly their modus operandi and obsession with sex and 
ritual. Epstein was running a Sabbatian blackmail ring in which 
famous people with political and other influence were provided 
with young girls for sex while everything was being filmed and 
recorded on hidden cameras and microphones at his New York 
house, Caribbean island and other properties. Epstein survivors 
have described this surveillance system to me and some have gone 
public. Once the famous politician or other figure knew he or she 
was on video they tended to do whatever they were told. Here we go 
again ...when you've got them by the balls their hearts and minds 
will follow. Sabbatians use this blackmail technique on a wide scale 
across the world to entrap politicians and others they need to act as 
demanded. Epstein’s private plane, the infamous ‘Lolita Express’, 
had many well-known passengers including Bill Clinton while Bill 
Gates has flown on an Epstein plane and met with him four years 
after Epstein had been jailed for paedophilia. They subsequently met 
many times at Epstein’s home in New York according to a witness 
who was there. Epstein’s infamous side-kick was Ghislaine Maxwell, 
daughter of Mossad agent and ultra-Zionist mega-crooked British 
businessman, Bob Maxwell, who at one time owned the Daily Mirror 
newspaper. Maxwell was murdered at sea on his boat in 1991 by 
Sabbatian-controlled Mossad when he became a liability with his 


business empire collapsing as a former Mossad operative has 
confirmed (see The Trigger). 


Money, money, money, funny money... 
Before I come to the Sabbatian connection with the last three US 
presidents I will lay out the crucial importance to Sabbatians of 
controlling banking and finance. Sabbatian Mayer Amschel 
Rothschild set out to dominate this arena in his family’s quest for 
total global control. What is freedom? It is, in effect, choice. The 
more choices you have the freer you are and the fewer your choices 
the more you are enslaved. In the global structure created over 
centuries by Sabbatians the biggest decider and restrictor of choice is 
... money. Across the world if you ask people what they would like 
to do with their lives and why they are not doing that they will reply 
‘I don’t have the money’. This is the idea. A global elite of multi- 
billionaires are described as ‘greedy’ and that is true on one level; 
but control of money — who has it and who doesn’t — is not primarily 
about greed. It’s about control. Sabbatians have seized ever more 
control of finance and sucked the wealth of the world out of the 
hands of the population. We talk now, after all, about the ‘One- 
percent’ and even then the wealthiest are a lot fewer even than that. 
This has been made possible by a money scam so outrageous and so 
vast it could rightly be called the scam of scams founded on creating 
‘money’ out of nothing and ‘loaning’ that with interest to the 
population. Money out of nothing is called ‘credit’. Sabbatians have 
asserted control over governments and banking ever more 
completely through the centuries and secured financial laws that 
allow banks to lend hugely more than they have on deposit in a 
confidence trick known as fractional reserve lending. Imagine if you 
could lend money that doesn’t exist and charge the recipient interest 
for doing so. You would end up in jail. Bankers by contrast end up in 
mansions, private jets, Malibu and Monaco. 

Banks are only required to keep a fraction of their deposits and 
wealth in their vaults and they are allowed to lend ‘money’ they 
don’t have called ‘credit. Go into a bank for a loan and if you succeed 


the banker will not move any real wealth into your account. They 
will type into your account the amount of the agreed ‘loan’ — say 
£100,000. This is not wealth that really exists; it is non-existent, fresh- 
air, created-out-of-nothing ‘credit’ which has never, does not, and 
will never exist except in theory. Credit is backed by nothing except 
wind and only has buying power because people think that it has 
buying power and accept it in return for property, goods and 
services. I have described this situation as like those cartoon 
characters you see chasing each other and when they run over the 
edge of a cliff they keep running forward on fresh air until one of 
them looks down, realises what’s happened, and they all crash into 
the ravine. The whole foundation of the Sabbatian financial system is 
to stop people looking down except for periodic moments when they 
want to crash the system (as in 2008 and 2020 ongoing) and reap the 
rewards from all the property, businesses and wealth their borrowers 
had signed over as ‘collateral’ in return for a ‘loan’ of fresh air. Most 
people think that money is somehow created by governments when 
it comes into existence from the start as a debt through banks 
‘lending’ illusory money called credit. Yes, the very currency of 
exchange is a debt from day one issued as an interest-bearing loan. 
Why don’t governments create money interest-free and lend it to 
their people interest-free? Governments are controlled by Sabbatians 
and the financial system is controlled by Sabbatians for whom 
interest-free money would be a nightmare come true. Sabbatians 
underpin their financial domination through their global network of 
central banks, including the privately-owned US Federal Reserve 
and Britain’s Bank of England, and this is orchestrated by a 
privately-owned central bank coordination body called the Bank for 
International Settlements in Basle, Switzerland, created by the usual 
suspects including the Rockefellers and Rothschilds. Central bank 
chiefs don’t answer to governments or the people. They answer to 
the Bank for International Settlements or, in other words, the Global 
Cult which is dominated today by Sabbatians. 


There are so many constituent scams within the overall banking 
scam. When you take out a loan of thin-air credit only the amount of 
that loan is theoretically brought into circulation to add to the 
amount in circulation; but you are paying back the principle plus 
interest. The additional interest is not created and this means that 
with every ‘loan’ there is a shortfall in the money in circulation 
between what is borrowed and what has to be paid back. There is 
never even close to enough money in circulation to repay all 
outstanding public and private debt including interest. Coldly 
weaved in the very fabric of the system is the certainty that some 
will lose their homes, businesses and possessions to the banking 
‘lender’. This is less obvious in times of ‘boom’ when the amount of 
money in circulation (and the debt) is expanding through more 
people wanting and getting loans. When a downturn comes and the 
money supply contracts it becomes painfully obvious that there is 
not enough money to service all debt and interest. This is less 
obvious in times of ‘boom’ when the amount of money in circulation 
(and the debt) is expanding through more people wanting and 
getting loans. When a downturn comes and the money supply 
contracts and it becomes painfully obvious — as in 2008 and currently 
— that there is not enough money to service all debt and interest. 
Sabbatian banksters have been leading the human population 
through a calculated series of booms (more debt incurred) and busts 
(when the debt can’t be repaid and the banks get the debtor’s 
tangible wealth in exchange for non-existent ‘credit’). With each 
‘bust’ Sabbatian bankers have absorbed more of the world’s tangible 
wealth and we end up with the One-percent. Governments are in 
bankruptcy levels of debt to the same system and are therefore 
owned by a system they do not control. The Federal Reserve, 
‘America’s central bank’, is privately-owned and American 
presidents only nominally appoint its chairman or woman to 
maintain the illusion that it’s an arm of government. It’s not. The 
‘Fed’ is a cartel of private banks which handed billions to its 
associates and friends after the crash of 2008 and has been Sabbatian- 
controlled since it was manipulated into being in 1913 through the 
covert trickery of Rothschild banking agents Jacob Schiff and Paul 


Warburg, and the Sabbatian Rockefeller family. Somehow from a 
Jewish population of two-percent and globally 0.2 percent (Sabbatian 
interlopers remember are far smaller) ultra-Zionists headed the 
Federal Reserve for 31 years between 1987 and 2018 in the form of 
Alan Greenspan, Bernard Bernanke and Janet Yellen (now Biden’s 
Treasury Secretary) with Yellen’s deputy chairman a Israeli- 
American duel citizen and ultra-Zionist Stanley Fischer, a former 
governor of the Bank of Israel. Ultra-Zionist Fed chiefs spanned the 
presidencies of Ronald Reagan (‘Republican’), Father George Bush 
(‘Republican’), Bill Clinton (‘Democrat’), Boy George Bush 
(‘Republican’) and Barack Obama (‘Democrat’). We should really 
add the pre-Greenspan chairman, Paul Adolph Volcker, ‘appointed’ 
by Jimmy Carter (‘Democrat’) who ran the Fed between 1979 and 
1987 during the Carter and Reagan administrations before 
Greenspan took over. Volcker was a long-time associate and business 
partner of the Rothschilds. No matter what the ‘party’ officially in 
power the United States economy was directed by the same force. 
Here are members of the Obama, Trump and Biden administrations 
and see if you can make out a common theme. 


Barack Obama (Democrat) 

Ultra-Zionists Robert Rubin, Larry Summers, and Timothy Geithner 
ran the US Treasury in the Clinton administration and two of them 
reappeared with Obama. Ultra-Zionist Fed chairman Alan 
Greenspan had manipulated the crash of 2008 through deregulation 
and jumped ship just before the disaster to make way for ultra- 
Zionist Bernard Bernanke to hand out trillions to Sabbatian ‘too big 
to fail’ banks and businesses, including the ubiquitous ultra-Zionist 
Goldman Sachs which has an ongoing staff revolving door operation 
between itself and major financial positions in government 
worldwide. Obama inherited the fallout of the crash when he took 
office in January, 2009, and fortunately he had the support of his 
ultra-Zionist White House Chief of Staff Rahm Emmanuel, son of a 
terrorist who helped to bomb Israel into being in 1948, and his ultra- 
Zionist senior adviser David Axelrod, chief strategist in Obama’s two 


successful presidential campaigns. Emmanuel, later mayor of 
Chicago and former senior fundraiser and strategist for Bill Clinton, 
is an example of the Sabbatian policy after Israel was established of 
migrating insider families to America so their children would be 
born American citizens. ‘Obama’ chose this financial team 
throughout his administration to respond to the Sabbatian-instigated 
crisis: 

Timothy Geithner (ultra-Zionist) Treasury Secretary; Jacob J. Lew, 
Treasury Secretary; Larry Summers (ultra-Zionist), director of the 
White House National Economic Council; Paul Adolph Volcker 
(Rothschild business partner), chairman of the Economic Recovery 
Advisory Board; Peter Orszag (ultra-Zionist), director of the Office of 
Management and Budget overseeing all government spending; 
Penny Pritzker (ultra-Zionist), Commerce Secretary; Jared Bernstein 
(ultra-Zionist), chief economist and economic policy adviser to Vice 
President Joe Biden; Mary Schapiro (ultra-Zionist), chair of the 
Securities and Exchange Commission (SEC); Gary Gensler (ultra- 
Zionist), chairman of the Commodity Futures Trading Commission 
(CFTC); Sheila Bair (ultra-Zionist), chair of the Federal Deposit 
Insurance Corporation (FDIC); Karen Mills (ultra-Zionist), head of 
the Small Business Administration (SBA); Kenneth Feinberg (ultra- 
Zionist), Special Master for Executive [bail-out] Compensation. 
Feinberg would be appointed to oversee compensation (with strings) 
to 9/11 victims and families in a campaign to stop them having their 
day in court to question the official story. At the same time ultra- 
Zionist Bernard Bernanke was chairman of the Federal Reserve and 
these are only some of the ultra-Zionists with allegiance to 
Sabbatian-controlled Israel in the Obama government. Obama’s 
biggest corporate donor was ultra-Zionist Goldman Sachs which had 
employed many in his administration. 


Donald Trump (Republican) 

Trump claimed to be an outsider (he wasn’t) who had come to ‘drain 
the swamp’. He embarked on this goal by immediately appointing 
ultra-Zionist Steve Mnuchin, a Goldman Sachs employee for 17 


years, as his Treasury Secretary. Others included Gary Cohn (ultra- 
Zionist), chief operating officer of Goldman Sachs, his first Director 
of the National Economic Council and chief economic adviser, who 
was later replaced by Larry Kudlow (ultra-Zionist). Trump’s senior 
adviser throughout his four years in the White House was his 
sinister son-in-law Jared Kushner, a life-long friend of Israel Prime 
Minister Benjamin Netanyahu. Kushner is the son of a convicted 
crook who was pardoned by Trump in his last days in office. Other 
ultra-Zionists in the Trump administration included: Stephen Miller, 
Senior Policy Adviser; Avrahm Berkowitz, Deputy Adviser to Trump 
and his Senior Adviser Jared Kushner; Ivanka Trump, Adviser to the 
President, who converted to Judaism when she married Jared 
Kushner; David Friedman, Trump lawyer and Ambassador to Israel; 
Jason Greenblatt, Trump Organization executive vice president and 
chief legal officer, who was made Special Representative for 
International Negotiations and the Israeli-Palestinian Conflict; Rod 
Rosenstein, Deputy Attorney General; Elliot Abrams, Special 
Representative for Venezuela, then Iran; John Eisenberg, National 
Security Council Legal Adviser and Deputy Council to the President 
for National Security Affairs; Anne Neuberger, Deputy National 
Manager, National Security Agency; Ezra Cohen-Watnick, Acting 
Under Secretary of Defense for Intelligence; Elan Carr, Special Envoy 
to monitor and combat anti-Semitism; Len Khodorkovsky, Deputy 
Special Envoy to monitor and combat anti-Semitism; Reed Cordish, 
Assistant to the President, Intragovernmental and Technology 
Initiatives. Trump Vice President Mike Pence and Secretary of State 
Mike Pompeo, both Christian Zionists, were also vehement 
supporters of Israel and its goals and ambitions. 

Donald ‘free-speech believer’ Trump pardoned a number of 
financial and violent criminals while ignoring calls to pardon Julian 
Assange and Edward Snowden whose crimes are revealing highly 
relevant information about government manipulation and 
corruption and the widespread illegal surveillance of the American 
people by US ‘security’ agencies. It’s so good to know that Trump is 
on the side of freedom and justice and not mega-criminals with 


allegiance to Sabbatian-controlled Israel. These included a pardon 
for Israeli spy Jonathan Pollard who was jailed for life in 1987 under 
the Espionage Act. Aviem Sella, the Mossad agent who recruited 
Pollard, was also pardoned by Trump while Assange sat in jail and 
Snowden remained in exile in Russia. Sella had ‘fled’ (was helped to 
escape) to Israel in 1987 and was never extradited despite being 
charged under the Espionage Act. A Trump White House statement 
said that Sella’s clemency had been ‘supported by Benjamin 
Netanyahu, Ron Dermer, Israel’s US Ambassador, David Friedman, 
US Ambassador to Israel and Miriam Adelson, wife of leading 
Trump donor Sheldon Adelson who died shortly before. Other 
friends of Jared Kushner were pardoned along with Sholom Weiss 
who was believed to be serving the longest-ever white-collar prison 
sentence of more than 800 years in 2000. The sentence was 
commuted of Ponzi-schemer Eliyahu Weinstein who defrauded Jews 
and others out of $200 million. I did mention that Assange and 
Snowden were ignored, right? Trump gave Sabbatians almost 
everything they asked for in military and political support, moving 
the US Embassy from Tel Aviv to Jerusalem with its critical symbolic 
and literal implications for Palestinian statehood, and the ‘deal of the 
Century’ designed by Jared Kushner and David Friedman which 
gave the Sabbatian Israeli government the green light to 
substantially expand its already widespread program of building 
illegal Jewish-only settlements in the occupied land of the West 
Bank. This made a two-state ‘solution’ impossible by seizing all the 
land of a potential Palestinian homeland and that had been the plan 
since 1948 and then 1967 when the Arab-controlled Gaza Strip, West 
Bank, Sinai Peninsula and Syrian Golan Heights were occupied by 
Israel. All the talks about talks and road maps and delays have been 
buying time until the West Bank was physically occupied by Israeli 
real estate. Trump would have to be a monumentally ill-informed 
idiot not to see that this was the plan he was helping to complete. 
The Trump administration was in so many ways the Kushner 
administration which means the Netanyahu administration which 
means the Sabbatian administration. I understand why many 
opposing Cult fascism in all its forms gravitated to Trump, but he 


was a crucial part of the Sabbatian plan and I will deal with this in 
the next chapter. 


Joe Bitien (Democrat) 

A barely cognitive Joe Biden took over the presidency in January, 
2021, along with his fellow empty shell, Vice-President Kamala 
Harris, as the latest Sabbatian gofers to enter the White House. 
Names on the door may have changed and the ‘party’ — the force 
behind them remained the same as Zionists were appointed to a 
stream of pivotal areas relating to Sabbatian plans and policy. They 
included: Janet Yellen, Treasury Secretary, former head of the Federal 
Reserve, and still another ultra-Zionist running the US Treasury after 
Mnuchin (Trump), Lew and Geithner (Obama), and Summers and 
Rubin (Clinton); Anthony Blinken, Secretary of State; Wendy 
Sherman, Deputy Secretary of State (so that’s ‘Biden’s’ Sabbatian 
foreign policy sorted); Jeff Zients, White House coronavirus 
coordinator; Rochelle Walensky, head of the Centers for Disease 
Control; Rachel Levine, transgender deputy health secretary (that’s 
‘Covid’ hoax policy under control); Merrick Garland, Attorney 
General; Alejandro Mayorkas, Secretary of Homeland Security; Cass 
Sunstein, Homeland Security with responsibility for new 
immigration laws; Avril Haines, Director of National Intelligence; 
Anne Neuberger, National Security Agency cybersecurity director 
(note, cybersecurity); David Cohen, CIA Deputy Director; Ronald 
Klain, Biden’s Chief of Staff (see Rahm Emanuel); Eric Lander, a 
‘leading geneticist’, Office of Science and Technology Policy director 
(see Smart Grid, synthetic biology agenda); Jessica Rosenworcel, 
acting head of the Federal Communications Commission (FCC) 
which controls Smart Grid technology policy and electromagnetic 
communication systems including 5G. How can it be that so many 
pivotal positions are held by two-percent of the American 
population and 0.2 percent of the world population administration 
after administration no matter who is the president and what is the 
party? It’s a coincidence? Of course it’s not and this is why 
Sabbatians have built their colossal global web of interlocking ‘anti- 


hate’ hate groups to condemn anyone who asks these glaring 
questions as an ‘anti-Semite’. The way that Jewish people horrifically 
abused in Sabbatian-backed Nazi Germany are exploited to this end 
is stomach-turning and disgusting beyond words. 


Political fusion 

Sabbatian manipulation has reversed the roles of Republicans and 
Democrats and the same has happened in Britain with the 
Conservative and Labour Parties. Republicans and Conservatives 
were always labelled the ‘right’ and Democrats and Labour the ‘left’, 
but look at the policy positions now and the Democrat-Labour ‘left’ 
has moved further to the ‘right’ than Republicans and Conservatives 
under the banner of ‘Woke’, the Cult-created far-right tyranny. 
Where once the Democrat-Labour ‘left’ defended free speech and 
human rights they now seek to delete them and as I said earlier 
despite the ‘Covid’ fascism of the Jackboot Johnson Conservative 
government in the UK the Labour Party of leader Keir Starmer 
demanded even more extreme measures. The Labour Party has been 
very publicly absorbed by Sabbatians after a political and media 
onslaught against the previous leader, the weak and inept Jeremy 
Corbyn, over made-up allegations of ‘anti-Semitism’ both by him 
and his party. The plan was clear with this ‘anti-Semite’ propaganda 
and what was required in response was a swift and decisive ‘fuck 
off’ from Corbyn and a statement to expose the Anti-Semitism 
Industry (Sabbatian) attempt to silence Labour criticism of the Israeli 
government (Sabbatians) and purge the party of all dissent against 
the extremes of ultra-Zionism (Sabbatians). Instead Corbyn and his 
party fell to their knees and appeased the abusers which, by 
definition, is impossible. Appeasing one demand leads only to anew 
demand to be appeased until takeover is complete. Like I say — ‘fuck 
off’ would have been a much more effective policy and I have used it 
myself with great effect over the years when Sabbatians are on my 
case which is most of the time. I consider that fact a great 
compliment, by the way. The outcome of the Labour Party 
capitulation is that we now have a Sabbatian-controlled 


Conservative Party ‘opposed’ by a Sabbatian-controlled Labour 
Party in a one-party Sabbatian state that hurtles towards the 
extremes of tyranny (the Sabbatian cult agenda). In America the 
situation is the same. Labour’s Keir Starmer spends his days on his 
knees with his tongue out pointing to Tel Aviv, or I guess now 
Jerusalem, while Boris Johnson has an ‘anti-Semitism czar’ in the 
form of former Labour MP John Mann who keeps Starmer company 
on his prayer mat. 

Sabbatian influence can be seen in Jewish members of the Labour 
Party who have been ejected for criticism of Israel including those 
from families that suffered in Nazi Germany. Sabbatians despise real 
Jewish people and target them even more harshly because it is so 
much more difficult to dub them ‘anti-Semitic’ although in their 
desperation they do try. 


CHAPTER THREE 
The Pushbacker sting 


Until you realize how easy it is for your mind to be manipulated, you 
remain the puppet of someone else’s game 
Evita Ochel 


will use the presidencies of Trump and Biden to show how the 

manipulation of the one-party state plays out behind the illusion 
of political choice across the world. No two presidencies could — on 
the face of it — be more different and apparently at odds in terms of 
direction and policy. 

A Renegade Mind sees beyond the obvious and focuses on 
outcomes and consequences and not image, words and waffle. The 
Cult embarked on a campaign to divide America between those who 
blindly support its agenda (the mentality known as ‘Woke’) and 
those who are pushing back on where the Cult and its Sabbatians 
want to go. This presents infinite possibilities for dividing and ruling 
the population by setting them at war with each other and allows a 
perceptual ring fence of demonisation to encircle the Pushbackers in 
a modern version of the Little Big Horn in 1876 when American 
cavalry led by Lieutenant Colonel George Custer were drawn into a 
trap, surrounded and killed by Native American tribes defending 
their land of thousands of years from being seized by the 
government. In this modern version the roles are reversed and it’s 
those defending themselves from the Sabbatian government who are 
surrounded and the government that’s seeking to destroy them. This 
trap was set years ago and to explain how we must return to 2016 


and the emergence of Donald Trump as a candidate to be President 
of the United States. He set out to overcome the best part of 20 other 
candidates in the Republican Party before and during the primaries 
and was not considered by many in those early stages to have a 
prayer of living in the White House. The Republican Party was said 
to have great reservations about Trump and yet somehow he won 
the nomination. When you know how American politics works — 
politics in general — there is no way that Trump could have become 
the party’s candidate unless the Sabbatian-controlled ‘Neocons’ that 
run the Republican Party wanted that to happen. We saw the proof 
in emails and documents made public by WikiLeaks that the 
Democratic Party hierarchy, or Democons, systematically 
undermined the campaign of Bernie Sanders to make sure that 
Sabbatian gofer Hillary Clinton won the nomination to be their 
presidential candidate. If the Democons could do that then the 
Neocons in the Republican Party could have derailed Trump in the 
same way. But they didn’t and at that stage I began to conclude that 
Trump could well be the one chosen to be president. If that was the 
case the ‘why’ was pretty clear to see — the goal of dividing America 
between Cult agenda-supporting Wokers and Pushbackers who 
gravitated to Trump because he was telling them what they wanted 
to hear. His constituency of support had been increasingly ignored 
and voiceless for decades and profoundly through the eight years of 
Sabbatian puppet Barack Obama. Now here was someone speaking 
their language of pulling back from the incessant globalisation of 
political and economic power, the exporting of American jobs to 
China and elsewhere by ‘American’ (Sabbatian) corporations, the 
deletion of free speech, and the mass immigration policies that had 
further devastated job opportunities for the urban working class of 
all races and the once American heartlands of the Midwest. 


Beware the forked tongue 

Those people collectively sighed with relief that at last a political 
leader was apparently on their side, but another trait of the 
Renegade Mind is that you look even harder at people telling you 


what you want to hear than those who are telling you otherwise. 
Obviously as I said earlier people wish what they want to hear to be 
true and genuine and they are much more likely to believe that than 
someone saying what they don’t want to here and don’t want to be 
true. Sales people are taught to be skilled in eliciting by calculated 
questioning what their customers want to hear and repeating that 
back to them as their own opinion to get their targets to like and 
trust them. Assets of the Cult are also sales people in the sense of 
selling perception. To read Cult manipulation you have to play the 
long and expanded game and not fall for the Vaudeville show of 
party politics. Both American parties are vehicles for the Cult and 
they exploit them in different ways depending on what the agenda 
requires at that moment. Trump and the Republicans were used to 
be the focus of dividing America and isolating Pushbackers to open 
the way for a Biden presidency to become the most extreme in 
American history by advancing the full-blown Woke (Cult) agenda 
with the aim of destroying and silencing Pushbackers now labelled 
Nazi Trump supporters and white supremacists. 

Sabbatians wanted Trump in office for the reasons described by 
ultra-Zionist Saul Alinsky (1909-1972) who was promoting the Woke 
philosophy through ‘community organising’ long before anyone had 
heard of it. In those days it still went by its traditional name of 
Marxism. The reason for the manipulated Trump phenomenon was 
laid out in Alinsky’s 1971 book, Rules for Radicals, which was his 
blueprint for overthrowing democratic and other regimes and 
replacing them with Sabbatian Marxism. Not surprisingly his to-do 
list was evident in the Sabbatian French and Russian ‘Revolutions’ 
and that in China which will become very relevant in the next 
chapter about the ‘Covid’ hoax. Among Alinsky’s followers have 
been the deeply corrupt Barack Obama, House Speaker Nancy Pelosi 
and Hillary Clinton who described him as a ‘hero’. All three are 
Sabbatian stooges with Pelosi personifying the arrogant corrupt 
idiocy that so widely fronts up for the Cult inner core. Predictably as 
a Sabbatian advocate of the ‘light-bringer’ Alinsky features Lucifer 
on the dedication page of his book as the original radical who gained 


his own kingdom (‘Earth’ as we shall see). One of Alinsky’s golden 
radical rules was to pick an individual and focus all attention, hatred 
and blame on them and not to target faceless bureaucracies and 
corporations. Rules for Radicals is really a Sabbatian handbook with 
its contents repeatedly employed all over the world for centuries and 
why wouldn’t Sabbatians bring to power their designer-villain to be 
used as the individual on which all attention, hatred and blame was 
bestowed? This is what they did and the only question for me is how 
much Trump knew that and how much he was manipulated. A bit of 
both, I suspect. This was Alinsky’s Trump technique from a man 
who died in 1972. The technique has spanned history: 


Pick the target, freeze it, personalize it, polarize it. Don’t try to attack abstract corporations or 
bureaucracies. Identify a responsible individual. Ignore attempts to shift or spread the blame. 


From the moment Trump came to illusory power everything was 
about him. It wasn’t about Republican policy or opinion, but all 
about Trump. Everything he did was presented in negative, 
derogatory and abusive terms by the Sabbatian-dominated media 
led by Cult operations such as CNN, MSNBC, The New York Times 
and the Jeff Bezos-owned Washington Post — ‘Pick the target, freeze it, 
personalize it, polarize it.’ Trump was turned into a demon to be 
vilified by those who hated him and a demi-god loved by those who 
worshipped him. This, in turn, had his supporters, too, presented as 
equally demonic in preparation for the punchline later down the line 
when Biden was about to take office. It was here’s a Trump, there’s a 
Trump, everywhere a Trump, Trump. Virtually every news story or 
happening was filtered through the lens of ‘The Donald’. You loved 
him or hated him and which one you chose was said to define you as 
Satan’s spawn or a paragon of virtue. Even supporting some Trump 
policies or statements and not others was enough for an assault on 
your character. No shades of grey were or are allowed. Everything is 
black and white (literally and figuratively). A Californian I knew had 
her head utterly scrambled by her hatred for Trump while telling 
people they should love each other. She was so totally consumed by 


Trump Derangement Syndrome as it became to be known that this 
glaring contradiction would never have occurred to her. By 
definition anyone who criticised Trump or praised his opponents 
was a hero and this lady described Joe Biden as ‘a kind, honest 
gentleman’ when he’s a provable liar, mega-crook and vicious piece 
of work to boot. Sabbatians had indeed divided America using 
Trump as the fall-guy and all along the clock was ticking on the 
consequences for his supporters. 


In hock to his masters 

Trump gave Sabbatians via Israel almost everything they wanted in 
his four years. Ask and you shall receive was the dynamic between 
himself and Benjamin Netanyahu orchestrated by Trump’s ultra- 
Zionist son-in-law Jared Kushner, his ultra-Zionist Ambassador to 
Israel, David Friedman, and ultra-Zionist ‘Israel adviser’, Jason 
Greenblatt. The last two were central to the running and protecting 
from collapse of his business empire, the Trump Organisation, and 
colossal business failures made him forever beholding to Sabbatian 
networks that bailed him out. By the start of the 1990s Trump owed 
$4 billion to banks that he couldn’t pay and almost $1billion of that 
was down to him personally and not his companies. This mega- 
disaster was the result of building two new casinos in Atlantic City 
and buying the enormous Taj Mahal operation which led to 
crippling debt payments. He had borrowed fantastic sums from 72 
banks with major Sabbatian connections and although the scale of 
debt should have had him living in a tent alongside the highway 
they never foreclosed. A plan was devised to lift Trump from the 
mire by BT Securities Corporation and Rothschild Inc. and the case 
was handled by Wilber Ross who had worked for the Rothschilds for 
27 years. Ross would be named US Commerce Secretary after 
Trump’s election. Another crucial figure in saving Trump was ultra- 
Zionist ‘investor’ Carl Icahn who bought the Taj Mahal casino. Icahn 
was made special economic adviser on financial regulation in the 
Trump administration. He didn’t stay long but still managed to find 
time to make a tidy sum of a reported $31.3 million when he sold his 


holdings affected by the price of steel three days before Trump 
imposed a 235 percent tariff on steel imports. What amazing bits of 
luck these people have. Trump and Sabbatian operatives have long 
had a close association and his mentor and legal adviser from the 
early 1970s until 1986 was the dark and genetically corrupt ultra- 
Zionist Roy Cohn who was chief counsel to Senator Joseph 
McCarthy’s ‘communist’ witch-hunt in the 1950s. Esquire magazine 
published an article about Cohn with the headline ‘Don’t mess with 
Roy Cohn’. He was described as the most feared lawyer in New York 
and ‘a ruthless master of dirty tricks ... [with] ... more than one Mafia 
Don on speed dial’. Cohn’s influence, contacts, support and 
protection made Trump a front man for Sabbatians in New York 
with their connections to one of Cohn’s many criminal employers, 
the ‘Russian’ Sabbatian Mafia. Israel-centric media mogul Rupert 
Murdoch was introduced to Trump by Cohn and they started a long 
friendship. Cohn died in 1986 weeks after being disbarred for 
unethical conduct by the Appellate Division of the New York State 
Supreme Court. The wheels of justice do indeed run slow given the 
length of Cohn’s crooked career. 


QAnon-sense 

We are asked to believe that Donald Trump with his fundamental 
connections to Sabbatian networks and operatives has been leading 
the fight to stop the Sabbatian agenda for the fascistic control of 
America and the world. Sure he has. A man entrapped during his 
years in the White House by Sabbatian operatives and whose biggest 
financial donor was casino billionaire Sheldon Adelson who was 
Sabbatian to his DNA?? Oh, do come on. Trump has been used to 
divide America and isolate Pushbackers on the Cult agenda under 
the heading of ‘Trump supporters’, ‘insurrectionists’ and ‘white 
supremacists’. The US Intelligence/Mossad Psyop or psychological 
operation known as QAnon emerged during the Trump years as a 
central pillar in the Sabbatian campaign to lead Pushbackers into the 
trap set by those that wished to destroy them. I knew from the start 
that QAnon was a scam because I had seen the same scenario many 


times before over 30 years under different names and I had written 
about one in particular in the books. “Not again’ was my reaction 
when QAnon came to the fore. The same script is pulled out every 
few years and a new name added to the letterhead. The story always 
takes the same form: ‘Insiders’ or ‘the good guys’ in the government- 
intelligence-military ‘Deep State’ apparatus were going to instigate 
mass arrests of the ‘bad guys’ which would include the Rockefellers, 
Rothschilds, Barack Obama, Hillary Clinton, George Soros, etc., etc. 
Dates are given for when the ‘good guys’ are going to move in, but 
the dates pass without incident and new dates are given which pass 
without incident. The central message to Pushbackers in each case is 
that they don’t have to do anything because there is ‘a plan’ and it is 
all going to be sorted by the ‘good guys’ on the inside. ‘Trust the 
plan’ was a QAnon mantra when the only plan was to misdirect 
Pushbackers into putting their trust in a Psyop they believed to be 
real. Beware, beware, those who tell you what you want to hear and 
always check it out. Right up to Biden’s inauguration QAnon was 
still claiming that ‘the Storm’ was coming and Trump would stay on 
as president when Biden and his cronies were arrested and jailed. It 
was never going to happen and of course it didn’t, but what did 
happen as a result provided that punchline to the Sabbatian 
Trump/QAnon Psyop. 

On January 6th, 2021, a very big crowd of Trump supporters 
gathered in the National Mall in Washington DC down from the 
Capitol Building to protest at what they believed to be widespread 
corruption and vote fraud that stopped Trump being re-elected for a 
second term as president in November, 2020. I say as someone that 
does not support Trump or Biden that the evidence is clear that 
major vote-fixing went on to favour Biden, a man with cognitive 
problems so advanced he can often hardly string a sentence together 
without reading the words written for him on the Teleprompter. 
Glaring ballot discrepancies included serious questions about 
electronic voting machines that make vote rigging a comparative 
cinch and hundreds of thousands of paper votes that suddenly 
appeared during already advanced vote counts and virtually all of 


them for Biden. Early Trump leads in crucial swing states suddenly 
began to close and disappear. The pandemic hoax was used as the 
excuse to issue almost limitless numbers of mail-in ballots with no 
checks to establish that the recipients were still alive or lived at that 
address. They were sent to streams of people who had not even 
asked for them. Private organisations were employed to gather these 
ballots and who knows what they did with them before they turned 
up at the counts. The American election system has been 
manipulated over decades to become a sick joke with more holes 
than a Swiss cheese for the express purpose of dictating the results. 
Then there was the criminal manipulation of information by 
Sabbatian tech giants like Facebook, Twitter and Google-owned 
YouTube which deleted pro-Irump, anti-Biden accounts and posts 
while everything in support of Biden was left alone. Sabbatians 
wanted Biden to win because after the dividing of America it was 
time for full-on Woke and every aspect of the Cult agenda to be 
unleashed. 


Hunter gatherer 

Extreme Silicon Valley bias included blocking information by the 
New York Post exposing a Biden scandal that should have ended his 
bid for president in the final weeks of the campaign. Hunter Biden, 
his monumentally corrupt son, is reported to have sent a laptop to 
be repaired at a local store and failed to return for it. Time passed 
until the laptop became the property of the store for non-payment of 
the bill. When the owner saw what was on the hard drive he gave a 
copy to the FBI who did nothing even though it confirmed 
widespread corruption in which the Joe Biden family were using his 
political position, especially when he was vice president to Obama, 
to make multiple millions in countries around the world and most 
notably Ukraine and China. Hunter Biden’s one-time business 
partner Tony Bobulinski went public when the story broke in the 
New York Post to confirm the corruption he saw and that Joe Biden 
not only knew what was going on he also profited from the spoils. 
Millions were handed over by a Chinese company with close 


connections — like all major businesses in China — to the Chinese 
communist party of President Xi Jinping. Joe Biden even boasted at a 
meeting of the Cult’s World Economic Forum that as vice president 
he had ordered the government of Ukraine to fire a prosecutor. What 
he didn’t mention was that the same man just happened to be 
investigating an energy company which was part of Hunter Biden’s 
corrupt portfolio. The company was paying him big bucks for no 
other reason than the influence his father had. Overnight Biden’s 
presidential campaign should have been over given that he had lied 
publicly about not knowing what his son was doing. Instead almost 
the entire Sabbatian-owned mainstream media and Sabbatian- 
owned Silicon Valley suppressed circulation of the story. This alone 
went a mighty way to rigging the election of 2020. Cult assets like 
Mark Zuckerberg at Facebook also spent hundreds of millions to be 
used in support of Biden and vote ‘administration’. 


The Cult had used Trump as the focus to divide America and was 
now desperate to bring in moronic, pliable, corrupt Biden to 
complete the double-whammy. No way were they going to let little 
things like the will of the people thwart their plan. Silicon Valley 
widely censored claims that the election was rigged because it was 
rigged. For the same reason anyone claiming it was rigged was 
denounced as a ‘white supremacist’ including the pathetically few 
Republican politicians willing to say so. Right across the media 
where the claim was mentioned it was described as a ‘false claim’ 
even though these excuses for ‘journalists’ would have done no 
research into the subject whatsoever. Trump won seven million more 
votes than any sitting president had ever achieved while somehow a 
cognitively-challenged soon to be 78-year-old who was hidden away 
from the public for most of the campaign managed to win more 
votes than any presidential candidate in history. It makes no sense. 
You only had to see election rallies for both candidates to witness the 
enthusiasm for Trump and the apathy for Biden. Tens of thousands 
would attend Trump events while Biden was speaking in empty car 
parks with often only television crews attending and framing their 
shots to hide the fact that no one was there. It was pathetic to see 


footage come to light of Biden standing at a podium making 
speeches only to TV crews and party fixers while reading the words 
written for him on massive Teleprompter screens. So, yes, those 
protestors on January 6th had a point about election rigging, but 
some were about to walk into a trap laid for them in Washington by 
the Cult Deep State and its QAnon Psyop. This was the Capitol Hill 
riot ludicrously dubbed an ‘insurrection’. 


The spider and the fly 

Renegade Minds know there are not two ‘sides’ in politics, only one 
side, the Cult, working through all ‘sides’. It’s a stage show, a puppet 
show, to direct the perceptions of the population into focusing on 
diversions like parties and candidates while missing the puppeteers 
with their hands holding all the strings. The Capitol Hill 
‘insurrection’ brings us back to the Little Big Horn. Having created 
two distinct opposing groupings — Woke and Pushbackers — the trap 
was about to be sprung. Pushbackers were to be encircled and 
isolated by associating them all in the public mind with Trump and 
then labelling Trump as some sort of Confederate leader. I knew 
immediately that the Capitol riot was a set-up because of two things. 
One was how easy the rioters got into the building with virtually no 
credible resistance and secondly I could see — as with the ‘Covid’ 
hoax in the West at the start of 2020 — how the Cult could exploit the 
situation to move its agenda forward with great speed. My 
experience of Cult techniques and activities over more than 30 years 
has showed me that while they do exploit situations they haven't 
themselves created this never happens with events of fundamental 
agenda significance. Every time major events giving cultists the 
excuse to rapidly advance their plan you find they are manipulated 
into being for the specific reason of providing that excuse — Problem- 
Reaction-Solution. Only a tiny minority of the huge crowd of 
Washington protestors sought to gain entry to the Capitol by 
smashing windows and breaching doors. That didn’t matter. The 
whole crowd and all Pushbackers, even if they did not support 
Trump, were going to be lumped together as dangerous 


insurrectionists and conspiracy theorists. The latter term came into 
widespread use through a CIA memo in the 1960s aimed at 
discrediting those questioning the nonsensical official story of the 
Kennedy assassination and it subsequently became widely 
employed by the media. It’s still being used by inept ‘journalists’ 
with no idea of its origin to discredit anyone questioning anything 
that authority claims to be true. When you are perpetrating a 
conspiracy you need to discredit the very word itself even though 
the dictionary definition of conspiracy is merely ‘the activity of 
secretly planning with other people to do something bad or illegal’ 
and ‘a general agreement to keep silent about a subject for the 
purpose of keeping it secret’. On that basis there are conspiracies 
almost wherever you look. For obvious reasons the Cult and its 
lapdog media have to claim there are no conspiracies even though 
the word appears in state laws as with conspiracy to defraud, to 
murder, and to corrupt public morals. 


Agent provocateurs are widely used by the Cult Deep State to 
manipulate genuine people into acting in ways that suit the desired 
outcome. By genuine in this case I mean protestors genuinely 
supporting Trump and claims that the election was stolen. In among 
them, however, were agents of the state wearing the garb of Trump 
supporters and QAnon to pump-prime the Capital riot which some 
genuine Trump supporters naively fell for. I described the situation 
as ‘Come into my parlour said the spider to the fly’. Leaflets 
appeared through the Woke paramilitary arm Antifa, the anti-fascist 
fascists, calling on supporters to turn up in Washington looking like 
Trump supporters even though they hated him. Some of those 
arrested for breaching the Capitol Building were sourced to Antifa 
and its stable mate Black Lives Matter. Both organisations are funded 
by Cult billionaires and corporations. One man charged for the riot 
was according to his lawyer a former FBI agent who had held top 
secret security clearance for 40 years. Attorney Thomas Plofchan said 
of his client, 66-year-old Thomas Edward Caldwell: 


He has held a Top Secret Security Clearance since 1979 and has undergone multiple Special 
Background Investigations in support of his clearances. After retiring from the Navy, he 


worked as a section chief for the Federal Bureau of Investigation from 2009-2010 as a GS-12 
[mid-level employee]. 


He also formed and operated a consulting firm performing work, often classified, for U.S 
government customers including the US. Drug Enforcement Agency, Department of Housing 
and Urban Development, the US Coast Guard, and the US Army Personnel Command. 


A judge later released Caldwell pending trial in the absence of 
evidence about a conspiracy or that he tried to force his way into the 
building. The New York Post reported a ‘law enforcement source’ as 
saying that ‘at least two known Antifa members were spotted’ on 
camera among Trump supporters during the riot while one of the 
rioters arrested was John Earle Sullivan, a seriously extreme Black 
Lives Matter Trump-hater from Utah who was previously arrested 
and charged in July, 2020, over a BLM-Antifa riot in which drivers 
were threatened and one was shot. Sullivan is the founder of Utah- 
based Insurgence USA which is an affiliate of the Cult-created-and- 
funded Black Lives Matter movement. Footage appeared and was 
then deleted by Twitter of Trump supporters calling out Antifa 
infiltrators and a group was filmed changing into pro-Trump 
clothing before the riot. Security at the building was pathetic — as 
planned. Colonel Leroy Fletcher Prouty, a man with long experience 
in covert operations working with the US security apparatus, once 
described the tell-tale sign to identify who is involved in an 
assassination. He said: 


No one has to direct an assassination — it happens. The active role is played secretly by 
permitting it to happen. This is the greatest single clue. Who has the power to call off or 
reduce the usual security precautions? 


This principle applies to many other situations and certainly to the 
Capitol riot of January 6th, 2021. 


The sting 

With such a big and potentially angry crowd known to be gathering 
near the Capitol the security apparatus would have had a major 
police detail to defend the building with National Guard troops on 


standby given the strength of feeling among people arriving from all 
over America encouraged by the QAnon Psyop and statements by 
Donald Trump. Instead Capitol Police ‘security’ was flimsy, weak, 
and easily breached. The same number of officers was deployed as 
on a regular day and that is a blatant red flag. They were not staffed 
or equipped for a possible riot that had been an obvious possibility 
in the circumstances. No protective and effective fencing worth the 
name was put in place and there were no contingency plans. The 
whole thing was basically a case of standing aside and waving 
people in. Once inside police mostly backed off apart from one 
Capitol police officer who ridiculously shot dead unarmed Air Force 
veteran protestor Ashli Babbitt without a warning as she climbed 
through a broken window. The ‘investigation’ refused to name or 
charge the officer after what must surely be considered a murder in 
the circumstances. They just lifted a carpet and swept. The story was 
endlessly repeated about five people dying in the ‘armed 
insurrection’ when there was no report of rioters using weapons. 
Apart from Babbitt the other four died from a heart attack, strokes 
and apparently a drug overdose. Capitol police officer Brian Sicknick 
was reported to have died after being bludgeoned with a fire 
extinguisher when he was alive after the riot was over and died later 
of what the Washington Medical Examiner’s Office said was a stroke. 
Sicknick had no external injuries. The lies were delivered like rapid 
fire. There was a narrative to build with incessant repetition of the lie 
until the lie became the accepted ‘everybody knows that’ truth. The 
‘Big Lie’ technique of Nazi Propaganda Minister Joseph Goebbels is 
constantly used by the Cult which was behind the Nazis and is 
today behind the ‘Covid’ and ‘climate change’ hoaxes. Goebbels 
said: 


If you tell a lie big enough and keep repeating it, people will eventually come to believe it. 
The lie can be maintained only for such time as the State can shield the people from the 
political, economic and/or military consequences of the lie. It thus becomes vitally important 
for the State to use all of its powers to repress dissent, for the truth is the mortal enemy of the 
lie, and thus by extension, the truth is the greatest enemy of the State. 


Most protestors had a free run of the Capitol Building. This 
allowed pictures to be taken of rioters in iconic parts of the building 
including the Senate chamber which could be used as propaganda 
images against all Pushbackers. One Congresswoman described the 
scene as ‘the worst kind of non-security anybody could ever 
imagine’. Well, the first part was true, but someone obviously did 
imagine it and made sure it happened. Some photographs most 
widely circulated featured people wearing QAnon symbols and now 
the Psyop would be used to dub all QAnon followers with the 
ubiquitous fit-all label of “white supremacist’ and ‘insurrectionists’. 
When a Muslim extremist called Noah Green drove his car at two 
police officers at the Capitol Building killing one in April, 2021, there 
was no such political and media hysteria. They were just 
disappointed he wasn’t white. 


The witch-hunt 


Government prosecutor Michael Sherwin, an aggressive, dark-eyed, 
professional Rottweiler led the ‘investigation’ and to call it over the 
top would be to understate reality a thousand fold. Hundreds were 
tracked down and arrested for the crime of having the wrong 
political views and people were jailed who had done nothing more 
than walk in the building, committed no violence or damage to 
property, took a few pictures and left. They were labelled a ‘threat to 
the Republic’ while Biden sat in the White House signing executive 
orders written for him that were dismantling ‘the Republic’. Even 
when judges ruled that a mother and son should not be in jail the 
government kept them there. Some of those arrested have been 
badly beaten by prison guards in Washington and lawyers for one 
man said he suffered a fractured skull and was made blind in one 
eye. Meanwhile a woman is shot dead for no reason by a Capitol 
Police officer and we are not allowed to know who he is never mind 
what has happened to him although that will be nothing. The Cult’s 
QAnon/Trump sting to identify and isolate Pushbackers and then 
target them on the road to crushing and deleting them was a 
resounding success. You would have thought the Russians had 


invaded the building at gunpoint and lined up senators for a firing 
squad to see the political and media reaction. Congresswoman 
Alexandria Ocasio-Cortez is a child in a woman’s body, a terrible- 
twos, me, me, me, Woker narcissist of such proportions that words 
have no meaning. She said she thought she was going to die when 
‘insurrectionists’ banged on her office door. It turned out she wasn’t 
even in the Capitol Building when the riot was happening and the 
‘banging’ was a Capitol Police officer. She referred to herself as a 
‘survivor’ which is an insult to all those true survivors of violent and 
sexual abuse while she lives her pampered and privileged life 
talking drivel for a living. Her Woke colleague and fellow mega- 
narcissist Rashida Tlaib broke down describing the devastating 
effect on her, too, of not being in the building when the rioters were 
there. Ocasio-Cortez and Tlaib are members of a fully-Woke group 
of Congresswomen known as ‘The Squad’ along with Ilhan Omar 
and Ayanna Pressley. The Squad from what I can see can be 
identified by its vehement anti-white racism, anti-white men agenda, 
and, as always in these cases, the absence of brain cells on active 
duty. 

The usual suspects were on the riot case immediately in the form 
of Democrat ultra-Zionist senators and operatives Chuck Schumer 
and Adam Schiff demanding that Trump be impeached for ‘his part 
in the insurrection’. The same pair of prats had led the failed 
impeachment of Trump over the invented ‘Russia collusion’ 
nonsense which claimed Russia had helped Trump win the 2016 
election. I didn’t realise that Tel Aviv had been relocated just outside 
Moscow. I must find an up-to-date map. The Russia hoax was a 
Sabbatian operation to keep Trump occupied and impotent and to 
stop any rapport with Russia which the Cult wants to retain as a 
perceptual enemy to be pulled out at will. Puppet Biden began 
attacking Russia when he came to office as the Cult seeks more 
upheaval, division and war across the world. A two-year stage show 
‘Russia collusion inquiry’ headed by the not-very-bright former 9/11 
FBI chief Robert Mueller, with support from 19 lawyers, 40 FBI 
agents plus intelligence analysts, forensic accountants and other 


staff, devoured tens of millions of dollars and found no evidence of 
Russia collusion which a ten-year-old could have told them on day 
one. Now the same moronic Schumer and Schiff wanted a second 
impeachment of Trump over the Capitol ‘insurrection’ (riot) which 
the arrested development of Schumer called another ‘Pearl Harbor’ 
while others compared it with 9/11 in which 3,000 died and, in the 
case of CNN, with the Rwandan genocide in the 1990s in which an 
estimated 500,000 to 600,000 were murdered, between 250, 000 and 
500,000 women were raped, and populations of whole towns were 
hacked to death with machetes. To make those comparisons purely 
for Cult political reasons is beyond insulting to those that suffered 
and lost their lives and confirms yet again the callous inhumanity 
that we are dealing with. Schumer is a monumental idiot and so is 
Schiff, but they serve the Cult agenda and do whatever they’re told 
so they get looked after. Talking of idiots — another inane man who 
spanned the Russia and Capitol impeachment attempts was Senator 
Eric Swalwell who had the nerve to accuse Trump of collusion with 
the Russians while sleeping with a Chinese spy called Christine Fang 
or ‘Fang Fang’ which is straight out of a Bond film no doubt starring 
Klaus Schwab as the bloke living on a secret island and controlling 
laser weapons positioned in space and pointing at world capitals. 
Fang Fang plays the part of Bond’s infiltrator girlfriend which I’m 
sure she would enjoy rather more than sharing a bed with the 
brainless Swalwell, lying back and thinking of China. The FBI 
eventually warned Swalwell about Fang Fang which gave her time 
to escape back to the Chinese dictatorship. How very thoughtful of 
them. The second Trump impeachment also failed and hardly 
surprising when an impeachment is supposed to remove a sitting 
president and by the time it happened Trump was no longer 
president. These people are running your country America, well, 
officially anyway. Terrifying isn’t it? 


Outcomes tell the story - always 
The outcome of all this — and it’s the outcome on which Renegade 
Minds focus, not the words — was that a vicious, hysterical and 


obviously pre-planned assault was launched on Pushbackers to 
censor, silence and discredit them and even targeted their right to 
earn a living. They have since been condemned as ‘domestic 
terrorists’ that need to be treated like Al-Qaeda and Islamic State. 
‘Domestic terrorists’ is a label the Cult has been trying to make stick 
since the period of the Oklahoma bombing in 1995 which was 
blamed on ‘far-right domestic terrorists’. If you read The Trigger you 
will see that the bombing was clearly a Problem-Reaction-Solution 
carried out by the Deep State during a Bill Clinton administration so 
corrupt that no dictionary definition of the term would even nearly 
suffice. Nearly 30, 000 troops were deployed from all over America 
to the empty streets of Washington for Biden’s inauguration. Ten 
thousand of them stayed on with the pretext of protecting the capital 
from insurrectionists when it was more psychological programming 
to normalise the use of the military in domestic law enforcement in 
support of the Cult plan for a police-military state. Biden’s fascist 
administration began a purge of ‘wrong-thinkers’ in the military 
which means anyone that is not on board with Woke. The Capitol 
Building was surrounded by a fence with razor wire and the Land of 
the Free was further symbolically and literally dismantled. The circle 
was completed with the installation of Biden and the exploitation of 
the QAnon Psyop. 

America had never been so divided since the civil war of the 19th 
century, Pushbackers were isolated and dubbed terrorists and now, 
as was always going to happen, the Cult immediately set about 
deleting what little was left of freedom and transforming American 
society through a swish of the hand of the most controlled 
‘president’ in American history leading (officially at least) the most 
extreme regime since the country was declared an independent state 
on July 4th, 1776. Biden issued undebated, dictatorial executive 
orders almost by the hour in his opening days in office across the 
whole spectrum of the Cult wish-list including diluting controls on 
the border with Mexico allowing thousands of migrants to illegally 
enter the United States to transform the demographics of America 
and import an election-changing number of perceived Democrat 


voters. Then there were Biden deportation amnesties for the already 
illegally resident (estimated to be as high as 20 or even 30 million). A 
bill before Congress awarded American citizenship to anyone who 
could prove they had worked in agriculture for just 180 days in the 
previous two years as ‘Big Ag’ secured its slave labour long-term. 
There were the plans to add new states to the union such as Puerto 
Rico and making Washington DC a state. They are all parts of a plan 
to ensure that the Cult-owned Woke Democrats would be 
permanently in power. 


Border — what border? 

I have exposed in detail in other books how mass immigration into 
the United States and Europe is the work of Cult networks fuelled by 
the tens of billions spent to this and other ends by George Soros and 
his global Open Society (open borders) Foundations. The impact can 
be seen in America alone where the population has increased by 100 
million in little more than 30 years mostly through immigration. I 
wrote in The Answer that the plan was to have so many people 
crossing the southern border that the numbers become unstoppable 
and we are now there under Cult-owned Biden. El Salvador in 
Central America puts the scale of what is happening into context. A 
third of the population now lives in the United States, much of it 
illegally, and many more are on the way. The methodology is to 
crush Central and South American countries economically and 
spread violence through machete-wielding psychopathic gangs like 
MS-13 based in El Salvador and now operating in many American 
cities. Biden-imposed lax security at the southern border means that 
it is all but open. He said before his ‘election’ that he wanted to see a 
surge towards the border if he became president and that was the 
green light for people to do just that after election day to create the 
human disaster that followed for both America and the migrants. 
When that surge came the imbecilic Alexandria Ocasio-Cortez said it 
wasn’t a ‘surge’ because they are ‘children, not insurgents’ and the 
term ‘surge’ (used by Biden) was a claim of ‘white supremacists’. 


This disingenuous lady may one day enter the realm of the most 
basic intelligence, but it won’t be any time soon. 


Sabbatians and the Cult are in the process of destroying America 
by importing violent people and gangs in among the genuine to 
terrorise American cities and by overwhelming services that cannot 
cope with the sheer volume of new arrivals. Something similar is 
happening in Europe as Western society in general is targeted for 
demographic and cultural transformation and upheaval. The plan 
demands violence and crime to create an environment of 
intimidation, fear and division and Soros has been funding the 
election of district attorneys across America who then stop 
prosecuting many crimes, reduce sentences for violent crimes and 
free as many violent criminals as they can. Sabbatians are creating 
the chaos from which order — their order — can respond in a classic 
Problem-Reaction-Solution. A Freemasonic moto says ‘Ordo Ab 
Chao’ (Order out of Chaos) and this is why the Cult is constantly 
creating chaos to impose a new ‘order’. Here you have the reason 
the Cult is constantly creating chaos. The ‘Covid’ hoax can be seen 
with those entering the United States by plane being forced to take a 
‘Covid’ test while migrants flooding through southern border 
processing facilities do not. Nothing is put in the way of mass 
migration and if that means ignoring the government’s own ‘Covid’ 
rules then so be it. They know it’s all bullshit anyway. Any pushback 
on this is denounced as ‘racist’ by Wokers and Sabbatian fronts like 
the ultra-Zionist Anti-Defamation League headed by the appalling 
Jonathan Greenblatt which at the same time argues that Israel should 
not give citizenship and voting rights to more Palestinian Arabs or 
the ‘Jewish population’ (in truth the Sabbatian network) will lose 
control of the country. 


Society-changing numbers 

Biden’s masters have declared that countries like El Salvador are so 
dangerous that their people must be allowed into the United States 
for humanitarian reasons when there are fewer murders in large 
parts of many Central American countries than in US cities like 


Baltimore. That is not to say Central America cannot be a dangerous 
place and Cult-controlled American governments have been making 
it so since way back, along with the dismantling of economies, in a 
long-term plan to drive people north into the United States. Parts of 
Central America are very dangerous, but in other areas the story is 
being greatly exaggerated to justify relaxing immigration criteria. 
Migrants are being offered free healthcare and education in the 
United States as another incentive to head for the border and there is 
no requirement to be financially independent before you can enter to 
prevent the resources of America being drained. You can’t blame 
migrants for seeking what they believe will be a better life, but they 
are being played by the Cult for dark and nefarious ends. The 
numbers since Biden took office are huge. In February, 2021, more 
than 100,000 people were known to have tried to enter the US 
illegally through the southern border (it was 34,000 in the same 
month in 2020) and in March it was 170,000 — a 418 percent increase 
on March, 2020. These numbers are only known people, not the ones 
who get in unseen. The true figure for migrants illegally crossing the 
border in a single month was estimated by one congressman at 
250,000 and that number will only rise under Biden’s current policy. 
Gangs of murdering drug-running thugs that control the Mexican 
side of the border demand money — thousands of dollars — to let 
migrants cross the Rio Grande into America. At the same time gun 
battles are breaking out on the border several times a week between 
rival Mexican drug gangs (which now operate globally) who are 
equipped with sophisticated military-grade weapons, grenades and 
armoured vehicles. While the Capitol Building was being ‘protected’ 
from a non-existent ‘threat’ by thousands of troops, and others were 
still deployed at the time in the Cult Neocon war in Afghanistan, the 
southern border of America was left to its fate. This is not 
incompetence, it is cold calculation. 

By March, 2021, there were 17,000 unaccompanied children held at 
border facilities and many of them are ensnared by people traffickers 
for paedophile rings and raped on their journey north to America. 
This is not conjecture — this is fact. Many of those designated 


children are in reality teenage boys or older. Meanwhile Wokers 
posture their self-purity for encouraging poor and tragic people to 
come to America and face this nightmare both on the journey and at 
the border with the disgusting figure of House Speaker Nancy Pelosi 
giving disingenuous speeches about caring for migrants. The 
womans evil. Wokers condemned Trump for having children in 
cages at the border (so did Obama, Shhhh), but now they are sleeping 
on the floor without access to a shower with one border facility 729 
percent over capacity. The Biden insanity even proposed flying 
migrants from the southern border to the northern border with 
Canada for ‘processing’. The whole shambles is being overseen by 
ultra-Zionist Secretary of Homeland Security, the moronic liar 
Alejandro Mayorkas, who banned news cameras at border facilities 
to stop Americans seeing what was happening. Mayorkas said there 
was not a ban on news crews; it was just that they were not allowed 
to film. Alongside him at Homeland Security is another ultra-Zionist 
Cass Sunstein appointed by Biden to oversee new immigration laws. 
Sunstein despises conspiracy researchers to the point where he 
suggests they should be banned or taxed for having such views. The 
man is not bonkers or anything. He’s perfectly well-adjusted, but 
adjusted to what is the question. Criticise what is happening and 
you are a ‘white supremacist’ when earlier non-white immigrants 
also oppose the numbers which effect their lives and opportunities. 
Black people in poor areas are particularly damaged by uncontrolled 
immigration and the increased competition for work opportunities 
with those who will work for less. They are also losing voting power 
as Hispanics become more dominant in former black areas. It’s a 
downward spiral for them while the billionaires behind the policy 
drone on about how much they care about black people and 
‘racism’. None of this is about compassion for migrants or black 
people — that’s just wind and air. Migrants are instead being 
mercilessly exploited to transform America while the countries they 
leave are losing their future and the same is true in Europe. Mass 
immigration may now be the work of Woke Democrats, but it can be 
traced back to the 1986 Immigration Reform and Control Act (it 


wasn’t) signed into law by Republican hero President Ronald 
Reagan which gave amnesty to millions living in the United States 
illegally and other incentives for people to head for the southern 
border. Here we have the one-party state at work again. 


Almost every aspect of what I have been exposing as the Cult 
agenda was on display in even the first days of ‘Biden’ with silencing 
of Pushbackers at the forefront of everything. A Renegade Mind will 
view the Trump years and QAnon in a very different light to their 
supporters and advocates as the dots are connected. The 
QAnon/Trump Psyop has given the Cult all it was looking for. We 
may not know how much, or little, that Trump realised he was being 
used, but that’s a side issue. This pincer movement produced the 
desired outcome of dividing America and having Pushbackers 
isolated. To turn this around we have to look at new routes to 
empowerment which do not include handing our power to other 
people and groups through what I will call the ‘Save Me Syndrome’ 
—‘I want someone else to do it so that I don’t have to’. We have seen 
this at work throughout human history and the QAnon/Trump 
Psyop is only the latest incarnation alongside all the others. Religion 
is an obvious expression of this when people look to a ‘god’ or priest 
to save them or tell them how to be saved and then there are ‘save 
me’ politicians like Trump. Politics is a diversion and not a ‘saviour’. 
It is a means to block positive change, not make it possible. 


Save Me Syndrome always comes with the same repeating theme 
of handing your power to whom or what you believe will save you 
while your real ‘saviour’ stares back from the mirror every morning. 
Renegade Minds are constantly vigilant in this regard and always 
asking the question ‘What can I do?’ rather than ‘What can someone 
else do for me?’ Gandhi was right when he said: “You must be the 
change you want to see in the world.’ We are indeed the people we 
have been waiting for. We are presented with a constant raft of 
reasons to concede that power to others and forget where the real 
power is. Humanity has the numbers and the Cult does not. It has to 


use diversion and division to target the unstoppable power that 
comes from unity. Religions, governments, politicians, corporations, 
media, QAnon, are all different manifestations of this power- 
diversion and dilution. Refusing to give your power to governments 
and instead handing it to Trump and QAnon is not to take a new 
direction, but merely to recycle the old one with new names on the 
posters. I will explore this phenomenon as we proceed and how to 
break the cycles and recycles that got us here through the mists of 
repeating perception and so repeating history. 

For now we shall turn to the most potent example in the entire 
human story of the consequences that follow when you give your 
power away. I am talking, of course, of the ‘Covid’ hoax. 


CHAPTER FOUR 
‘Covid': Calculated catastrophe 


Facts are threatening to those invested in fraud 
DaShanne Stokes 


e can easily unravel the real reason for the ‘Covid pandemic’ 

hoax by employing the Renegade Mind methodology that I 
have outlined this far. We’ll start by comparing the long-planned 
Cult outcome with the ‘Covid pandemic’ outcome. Know the 
outcome and you'll see the journey. 

I have highlighted the plan for the Hunger Games Society which 
has been in my books for so many years with the very few 
controlling the very many through ongoing dependency. To create 
this dependency it is essential to destroy independent livelihoods, 
businesses and employment to make the population reliant on the 
state (the Cult) for even the basics of life through a guaranteed 
pittance income. While independence of income remained these Cult 
ambitions would be thwarted. With this knowledge it was easy to 
see where the ‘pandemic’ hoax was going once talk of ‘lockdowns’ 
began and the closing of all but perceived ‘essential’ businesses to 
‘save’ us from an alleged ‘deadly virus’. Cult corporations like 
Amazon and Walmart were naturally considered ‘essential’ while 
mom and pop shops and stores had their doors closed by fascist 
decree. As a result with every new lockdown and new regulation 
more small and medium, even large businesses not owned by the 
Cult, went to the wall while Cult giants and their frontmen and 
women grew financially fatter by the second. Mom and pop were 


denied an income and the right to earn a living and the wealth of 
people like Jeff Bezos (Amazon), Mark Zuckerberg (Facebook) and 
Sergei Brin and Larry Page (Google/Alphabet) have reached record 
levels. The Cult was increasing its own power through further 
dramatic concentrations of wealth while the competition was being 
destroyed and brought into a state of dependency. Lockdowns have 
been instigated to secure that very end and were never anything to 
do with health. My brother Paul spent 45 years building up a bus 
repair business, but lockdowns meant buses were running at a 
fraction of normal levels for months on end. Similar stories can told 
in their hundreds of millions worldwide. Efforts of a lifetime coldly 
destroyed by Cult multi-billionaires and their lackeys in government 
and law enforcement who continued to earn their living from the 
taxation of the people while denying the right of the same people to 
earn theirs. How different it would have been if those making and 
enforcing these decisions had to face the same financial hardships of 
those they affected, but they never do. 


Behind it all in the full knowledge of what he is doing and why is 
the psychopathic figure of Cult operative Bill Gates. His puppet 
Tedros at the World Health Organization declared ‘Covid’ a 
pandemic in March, 2020. The WHO had changed the definition of a 
‘pandemic’ in 2009 just a month before declaring the ‘swine flu 
pandemic’ which would not have been so under the previous 
definition. The same applies to ‘Covid’. The definition had 
included... ‘an infection by an infectious agent, occurring 
simultaneously in different countries, with a significant mortality 
rate relative to the proportion of the population infected’. The new 
definition removed the need for ‘significant mortality’. The 
‘pandemic’ has been fraudulent even down to the definition, but 
Gates demanded economy-destroying lockdowns, school closures, 
social distancing, mandatory masks, a ‘vaccination’ for every man, 
woman and child on the planet and severe consequences and 
restrictions for those that refused. Who gave him this power? The 


Cult did which he serves like a little boy in short trousers doing 
what his daddy tells him. He and his psychopathic missus even 
smiled when they said that much worse was to come (what they 
knew was planned to come). Gates responded in the matter-of-fact 
way of all psychopaths to a question about the effect on the world 
economy of what he was doing: 


Well, it won’t go to zero but it will shrink. Global GDP is probably going to take the biggest 
hit ever [Gates was smiling as he said this] ... in my lifetime this will be the greatest economic 
hit. But you don’t have a choice. People act as if you have a choice. People don’t feel like 
going to the stadium when they might get infected ... People are deeply affected by seeing 
these stats, by knowing they could be part of the transmission chain, old people, their parents 
and grandparents, could be affected by this, and so you don’t get to say ignore what is going 
on here. 


There will be the ability to open up, particularly in rich countries, if things are done well over 
the next few months, but for the world at large normalcy only returns when we have largely 
vaccinated the entire population. 


The man has no compassion or empathy. How could he when he’s 
a psychopath like all Cult players? My own view is that even beyond 
that he is very seriously mentally ill. Look in his eyes and you can 
see this along with his crazy flailing arms. You don’t do what he has 
done to the world population since the start of 2020 unless you are 
mentally ill and at the most extreme end of psychopathic. You 
especially don’t do it when to you know, as we shall see, that cases 
and deaths from ‘Covid’ are fakery and a product of monumental 
figure massaging. ‘These stats’ that Gates referred to are based on a 
‘test’ that’s not testing for the ‘virus’ as he has known all along. He 
made his fortune with big Cult support as an infamously ruthless 
software salesman and now buys global control of ‘health’ (death) 
policy without the population he affects having any say. It’s a 
breathtaking outrage. Gates talked about people being deeply 
affected by fear of ‘Covid’ when that was because of him and his 
global network lying to them minute-by-minute supported by a 
lying media that he seriously influences and funds to the tune of 
hundreds of millions. He’s handed big sums to media operations 
including the BBC, NBC, Al Jazeera, Univision, PBS NewsHour, 


ProPublica, National Journal, The Guardian, The Financial Times, The 
Atlantic, Texas Tribune, USA Today publisher Gannett, Washington 
Monthly, Le Monde, Center for Investigative Reporting, Pulitzer 
Center on Crisis Reporting, National Press Foundation, International 
Center for Journalists, Solutions Journalism Network, the Poynter 
Institute for Media Studies, and many more. Gates is everywhere in 
the ‘Covid’ hoax and the man must go to prison — or a mental facility 
— for the rest of his life and his money distributed to those he has 
taken such enormous psychopathic pleasure in crushing. 


The Muscle 

The Hunger Games global structure demands a police-military state 
— a fusion of the two into one force — which viciously imposes the 
will of the Cult on the population and protects the Cult from public 
rebellion. In that regard, too, the ‘Covid’ hoax just keeps on giving. 
Often unlawful, ridiculous and contradictory ‘Covid’ rules and 
regulations have been policed across the world by moronic 
automatons and psychopaths made faceless by face-nappy masks 
and acting like the Nazi SS and fascist blackshirts and brownshirts of 
Hitler and Mussolini. The smallest departure from the rules decreed 
by the psychos in government and their clueless gofers were jumped 
upon by the face-nappy fascists. Brutality against public protestors 
soon became commonplace even on girls, women and old people as 
the brave men with the batons — the Face-Nappies as I call them — 
broke up peaceful protests and handed out fines like confetti to 
people who couldn’t earn a living let alone pay hundreds of pounds 
for what was once an accepted human right. Robot Face-Nappies of 
Nottingham police in the English East Midlands fined one group 
£11,000 for attending a child’s birthday party. For decades I charted 
the transformation of law enforcement as genuine, decent officers 
were replaced with psychopaths and the brain dead who would 
happily and brutally do whatever their masters told them. Now they 
were let loose on the public and I would emphasise the point that 
none of this just happened. The step-by-step change in the dynamic 
between police and public was orchestrated from the shadows by 


those who knew where this was all going and the same with the 
perceptual reframing of those in all levels of authority and official 
administration through ‘training courses’ by organisations such as 
Common Purpose which was created in the late 1980s and given a 
massive boost in Blair era Britain until it became a global 
phenomenon. Supposed public ‘servants’ began to view the 
population as the enemy and the same was true of the police. This 
was the start of the explosion of behaviour manipulation 
organisations and networks preparing for the all-war on the human 
psyche unleashed with the dawn of 2020. I will go into more detail 
about this later in the book because it is a core part of what is 
happening. 

Police desecrated beauty spots to deter people gathering and 
arrested women for walking in the countryside alone ‘too far’ from 
their homes. We had arrogant, clueless sergeants in the Isle of Wight 
police where I live posting on Facebook what they insisted the 
population must do or else. A schoolmaster sergeant called Radford 
looked young enough for me to ask if his mother knew he was out, 
but he was posting what he expected people to do while a Sergeant 
Wilkinson boasted about fining lads for meeting in a McDonald’s car 
park where they went to get a lockdown takeaway. Wilkinson added 
that he had even cancelled their order. What a pair of prats these 
people are and yet they have increasingly become the norm among 
Jackboot Johnson’s Yellowshirts once known as the British police. 
This was the theme all over the world with police savagery common 
during lockdown protests in the United States, the Netherlands, and 
the fascist state of Victoria in Australia under its tyrannical and 
again moronic premier Daniel Andrews. Amazing how tyrannical 
and moronic tend to work as a team and the same combination 
could be seen across America as arrogant, narcissistic Woke 
governors and mayors such as Gavin Newsom (California), Andrew 
Cuomo (New York), Gretchen Whitmer (Michigan), Lori Lightfoot 
(Chicago) and Eric Garcetti (Los Angeles) did their Nazi and Stalin 
impressions with the full support of the compliant brutality of their 
enforcers in uniform as they arrested small business owners defying 


fascist shutdown orders and took them to jail in ankle shackles and 
handcuffs. This happened to bistro owner Marlena Pavlos-Hackney 
in Gretchen Whitmer’s fascist state of Michigan when police arrived 
to enforce an order by a state-owned judge for ‘putting the 
community at risk’ at a time when other states like Texas were 
dropping restrictions and migrants were pouring across the 
southern border without any ‘Covid’ questions at all. I’m sure there 
are many officers appalled by what they are ordered to do, but not 
nearly enough of them. If they were truly appalled they would not 
do it. As the months passed every opportunity was taken to have the 
military involved to make their presence on the streets ever more 
familiar and ‘normal’ for the longer-term goal of police-military 
fusion. 

Another crucial element to the Hunger Games enforcement 
network has been encouraging the public to report neighbours and 
others for ‘breaking the lockdown rules’. The group faced with 
£11,000 in fines at the child’s birthday party would have been 
dobbed-in by a neighbour with a brain the size of a pea. The 
technique was most famously employed by the Stasi secret police in 
communist East Germany who had public informants placed 
throughout the population. A police chief in the UK says his force 
doesn’t need to carry out ‘Covid’ patrols when they are flooded with 
so many calls from the public reporting other people for visiting the 
beach. Dorset police chief James Vaughan said people were so 
enthusiastic about snitching on their fellow humans they were now 
operating as an auxiliary arm of the police: ‘We are still getting 
around 400 reports a week from the public, so we will respond to 
reports ...We won't need to be doing hotspot patrols because people 
are very quick to pick the phone up and tell us.’ Vaughan didn’t say 
that this is a pillar of all tyrannies of whatever complexion and the 
means to hugely extend the reach of enforcement while spreading 
distrust among the people and making them wary of doing anything 
that might get them reported. Those narcissistic Isle of Wight 
sergeants Radford and Wilkinson never fail to add a link to their 
Facebook posts where the public can inform on their fellow slaves. 


Neither would be self-aware enough to realise they were imitating 
the Stasi which they might well never have heard of. Government 
psychologists that I will expose later laid out a policy to turn 
communities against each other in the same way. 


A coincidence? Yep, and | can knit fog 

I knew from the start of the alleged pandemic that this was a Cult 
operation. It presented limitless potential to rapidly advance the Cult 
agenda and exploit manipulated fear to demand that every man, 
woman and child on the planet was ‘vaccinated’ in a process never 
used on humans before which infuses self-replicating synthetic 
material into human cells. Remember the plan to transform the 
human body from a biological to a synthetic biological state. I’ll deal 
with the ‘vaccine’ (that’s not actually a vaccine) when I focus on the 
genetic agenda. Enough to say here that mass global ‘vaccination’ 
justified by this ‘new virus’ set alarms ringing after 30 years of 
tracking these people and their methods. The ‘Covid’ hoax officially 
beginning in China was also a big red flag for reasons I will be 
explaining. The agenda potential was so enormous that I could 
dismiss any idea that the ‘virus’ appeared naturally. Major 
happenings with major agenda implications never occur without 
Cult involvement in making them happen. My questions were 
twofold in early 2020 as the media began its campaign to induce 
global fear and hysteria: Was this alleged infectious agent released 
on purpose by the Cult or did it even exist at all? I then did what I 
always do in these situations. I sat, observed and waited to see 
where the evidence and information would take me. By March and 
early April synchronicity was strongly — and ever more so since then 
— pointing me in the direction of there is no ‘virus’. 1 went public on 
that with derision even from swathes of the alternative media that 
voiced a scenario that the Chinese government released the ‘virus’ in 
league with Deep State elements in the United States from a top- 
level bio-lab in Wuhan where the ‘virus’ is said to have first 
appeared. I looked at that possibility, but I didn’t buy it for several 
reasons. Deaths from the ‘virus’ did not in any way match what they 


would have been with a ‘deadly bioweapon’ and it is much more 
effective if you sell the illusion of an infectious agent rather than 
having a real one unless you can control through injection who has it 
and who doesn’t. Otherwise you lose control of events. A made-up 
‘virus’ gives you a blank sheet of paper on which you can make it do 
whatever you like and have any symptoms or mutant ‘variants’ you 
choose to add while a real infectious agent would limit you to what 
it actually does. A phantom disease allows you to have endless 
ludicrous ‘studies’ on the ‘Covid’ dollar to widen the perceived 
impact by inventing ever more ‘at risk’ groups including one study 
which said those who walk slowly may be almost four times more 
likely to die from the ‘virus’. People are in psychiatric wards for less. 


A real ‘deadly bioweapon’ can take out people in the hierarchy 
that are not part of the Cult, but essential to its operation. Obviously 
they don’t want that. Releasing a real disease means you 
immediately lose control of it. Releasing an illusory one means you 
don’t. Again it’s vital that people are extra careful when dealing with 
what they want to hear. A bioweapon unleashed from a Chinese 
laboratory in collusion with the American Deep State may fit a 
conspiracy narrative, but is it true? Would it not be far more effective 
to use the excuse of a ‘virus’ to justify the real bioweapon — the 
‘vaccine’? That way your disease agent does not have to be 
transmitted and arrives directly through a syringe. I saw a French 
virologist Luc Montagnier quoted in the alternative media as saying 
he had discovered that the alleged ‘new’ severe acute respiratory 
syndrome coronavirus , or SARS-CoV-2, was made artificially and 
included elements of the human immunodeficiency ‘virus’ (HIV) 
and a parasite that causes malaria. SARS-CoV-2 is alleged to trigger 
an alleged illness called Covid-19. I remembered Montagnier’s name 
from my research years before into claims that an HIV ‘retrovirus’ 
causes AIDs — claims that were demolished by Berkeley virologist 
Peter Duesberg who showed that no one had ever proved that HIV 
causes acquired immunodeficiency syndrome or AIDS. Claims that 
become accepted as fact, publicly and medically, with no proof 
whatsoever are an ever-recurring story that profoundly applies to 


‘Covid’. Nevertheless, despite the lack of proof, Montagnier’s team 
at the Pasteur Institute in Paris had a long dispute with American 
researcher Robert Gallo over which of them discovered and isolated 
the HIV ‘virus’ and with no evidence found it to cause AIDS. You will 
see later that there is also no evidence that any ‘virus’ causes any 
disease or that there is even such a thing as a ‘virus’ in the way it is 
said to exist. The claim to have ‘isolated’ the HIV ‘virus’ will be 
presented in its real context as we come to the shocking story — and 
it is a story — of SARS-CoV-2 and so will Montagnier’s assertion that 
he identified the full SARS-CoV-2 genome. 


Hoax in the making 

We can pick up the ‘Covid’ story in 2010 and the publication by the 
Rockefeller Foundation of a document called ‘Scenarios for the 
Future of Technology and International Development’. The inner 
circle of the Rockefeller family has been serving the Cult since John 
D. Rockefeller (1839-1937) made his fortune with Standard Oil. It is 
less well known that the same Rockefeller — the Bill Gates of his day 
— was responsible for establishing what is now referred to as ‘Big 
Pharma’, the global network of pharmaceutical companies that make 
outrageous profits dispensing scalpel and drug ‘medicine’ and are 
obsessed with pumping vaccines in ever-increasing number into as 
many human arms and backsides as possible. John D. Rockefeller 
was the driving force behind the creation of the ‘education’ system 
in the United States and elsewhere specifically designed to program 
the perceptions of generations thereafter. The Rockefeller family 
donated exceptionally valuable land in New York for the United 
Nations building and were central in establishing the World Health 
Organization in 1948 as an agency of the UN which was created 
from the start as a Trojan horse and stalking horse for world 
government. Now enter Bill Gates. His family and the Rockefellers 
have long been extremely close and I have seen genealogy which 
claims that if you go back far enough the two families fuse into the 
same bloodline. Gates has said that the Bill and Melinda Gates 
Foundation was inspired by the Rockefeller Foundation and why not 


when both are serving the same Cult? Major tax-exempt foundations 
are overwhelmingly criminal enterprises in which Cult assets fund 
the Cult agenda in the guise of ‘philanthropy’ while avoiding tax in 
the process. Cult operatives can become mega-rich in their role of 
front men and women for the psychopaths at the inner core and 
they, too, have to be psychopaths to knowingly serve such evil. Part 
of the deal is that a big percentage of the wealth gleaned from 
representing the Cult has to be spent advancing the ambitions of the 
Cult and hence you have the Rockefeller Foundation, Bill and 
Melinda Gates Foundation (and so many more) and people like 
George Soros with his global Open Society Foundations spending 
their billions in pursuit of global Cult control. Gates is a global 
public face of the Cult with his interventions in world affairs 
including Big Tech influence; a central role in the ‘Covid’ and 
‘vaccine’ scam; promotion of the climate change shakedown; 
manipulation of education; geoengineering of the skies; and his 
food-control agenda as the biggest owner of farmland in America, 
his GMO promotion and through other means. As one writer said: 
‘Gates monopolizes or wields disproportionate influence over the 
tech industry, global health and vaccines, agriculture and food policy 
(including biopiracy and fake food), weather modification and other 
climate technologies, surveillance, education and media.’ The almost 
limitless wealth secured through Microsoft and other not-allowed- 
to-fail ventures (including vaccines) has been ploughed into a long, 
long list of Cult projects designed to enslave the entire human race. 
Gates and the Rockefellers have been working as one unit with the 
Rockefeller-established World Health Organization leading global 
‘Covid’ policy controlled by Gates through his mouth-piece Tedros. 
Gates became the WHO’s biggest funder when Trump announced 
that the American government would cease its donations, but Biden 
immediately said he would restore the money when he took office in 
January, 2021. The Gates Foundation (the Cult) owns through 
limitless funding the world health system and the major players 
across the globe in the ‘Covid’ hoax. 


Okay, with that background we return to that Rockefeller 
Foundation document of 2010 headed ‘Scenarios for the Future of 
Technology and International Development’ and its ‘imaginary’ 
epidemic of a virulent and deadly influenza strain which infected 20 
percent of the global population and killed eight million in seven 
months. The Rockefeller scenario was that the epidemic destroyed 
economies, closed shops, offices and other businesses and led to 
governments imposing fierce rules and restrictions that included 
mandatory wearing of face masks and body-temperature checks to 
enter communal spaces like railway stations and supermarkets. The 
document predicted that even after the height of the Rockefeller- 
envisaged epidemic the authoritarian rule would continue to deal 
with further pandemics, transnational terrorism, environmental 
crises and rising poverty. Now you may think that the Rockefellers 
are our modern-day seers or alternatively, and rather more likely, 
that they well knew what was planned a few years further on. 
Fascism had to be imposed, you see, to ‘protect citizens from risk 
and exposure’. The Rockefeller scenario document said: 


During the pandemic, national leaders around the world flexed their authority and imposed 
airtight rules and restrictions, from the mandatory wearing of face masks to body-temperature 
checks at the entries to communal spaces like train stations and supermarkets. Even after the 
pandemic faded, this more authoritarian control and oversight of citizens and their activities 
stuck and even intensified. In order to protect themselves from the spread of increasingly 
global problems — from pandemics and transnational terrorism to environmental crises and 
rising poverty — leaders around the world took a firmer grip on power. 


At first, the notion of a more controlled world gained wide acceptance and approval. Citizens 
willingly gave up some of their sovereignty — and their privacy — to more paternalistic states in 
exchange for greater safety and stability. Citizens were more tolerant, and even eager, for top- 
down direction and oversight, and national leaders had more latitude to impose order in the 
ways they saw fit. 


In developed countries, this heightened oversight took many forms: biometric IDs for all 
citizens, for example, and tighter regulation of key industries whose stability was deemed vital 
to national interests. In many developed countries, enforced cooperation with a suite of new 
regulations and agreements slowly but steadily restored both order and, importantly, 
economic growth. 


There we have the prophetic Rockefellers in 2010 and three years 
later came their paper for the Global Health Summit in Beijing, 
China, when government representatives, the private sector, 
international organisations and groups met to discuss the next 100 
years of ‘global health’. The Rockefeller Foundation-funded paper 
was called ‘Dreaming the Future of Health for the Next 100 Years 
and more prophecy ensued as it described a dystopian future: ‘The 
abundance of data, digitally tracking and linking people may mean 
the ‘death of privacy’ and may replace physical interaction with 
transient, virtual connection, generating isolation and raising 
questions of how values are shaped in virtual networks.’ Next in the 
‘Covid’ hoax preparation sequence came a ‘table top’ simulation in 
2018 for another ‘imaginary’ pandemic of a disease called Clade X 
which was said to kill 900 million people. The exercise was 
organised by the Gates-funded Johns Hopkins University’s Center 
for Health Security in the United States and this is the very same 
university that has been compiling the disgustingly and 
systematically erroneous global figures for ‘Covid’ cases and deaths. 
Similar Johns Hopkins health crisis scenarios have included the Dark 
Winter exercise in 2001 and Atlantic Storm in 2005. 


Nostradamus 201 

For sheer predictive genius look no further prophecy-watchers than 
the Bill Gates-funded Event 201 held only six weeks before the 
‘coronavirus pandemic’ is supposed to have broken out in China 
and Event 201 was based on a scenario of a global ‘coronavirus 
pandemic’. Melinda Gates, the great man’s missus, told the BBC that 
he had ‘prepared for years’ for a coronavirus pandemic which told 
us what we already knew. Nostradamugates had predicted in a TED 
talk in 2015 that a pandemic was coming that would kill a lot of 
people and demolish the world economy. My god, the man is a 
machine — possibly even literally. Now here he was only weeks 
before the real thing funding just such a simulated scenario and 
involving his friends and associates at Johns Hopkins, the World 
Economic Forum Cult-front of Klaus Schwab, the United Nations, 


Johnson & Johnson, major banks, and officials from China and the 
Centers for Disease Control in the United States. What synchronicity 
— Johns Hopkins would go on to compile the fraudulent ‘Covid’ 
figures, the World Economic Forum and Schwab would push the 
‘Great Reset’ in response to ‘Covid’, the Centers for Disease Control 
would be at the forefront of “Covid’ policy in the United States, 
Johnson & Johnson would produce a ‘Covid vaccine’, and 
everything would officially start just weeks later in China. Spooky, 
eh? They were even accurate in creating a simulation of a ‘virus’ 
pandemic because the ‘real thing’ would also be a simulation. Event 
201 was not an exercise preparing for something that might happen; 
it was a rehearsal for what those in control knew was going to 
happen and very shortly. Hours of this simulation were posted on 
the Internet and the various themes and responses mirrored what 
would soon be imposed to transform human society. News stories 
were inserted and what they said would be commonplace a few 
weeks later with still more prophecy perfection. Much discussion 
focused on the need to deal with misinformation and the ‘anti-vax 
movement’ which is exactly what happened when the ‘virus’ arrived 
— was Said to have arrived — in the West. 

Cult-owned social media banned criticism and exposure of the 
official ‘virus’ narrative and when I said there was no ‘virus’ in early 
April, 2020, I was banned by one platform after another including 
YouTube, Facebook and later Twitter. The mainstream broadcast 
media in Britain was in effect banned from interviewing me by the 
Tony-Blair-created government broadcasting censor Ofcom headed 
by career government bureaucrat Melanie Dawes who was 
appointed just as the ‘virus’ hoax was about to play out in January, 
2020. At the same time the Ickonic media platform was using Vimeo, 
another ultra-Zionist-owned operation, while our own player was 
being created and they deleted in an instant hundreds of videos, 
documentaries, series and shows to confirm their unbelievable 
vindictiveness. We had copies, of course, and they had to be restored 
one by one when our player was ready. These people have no class. 
Sabbatian Facebook promised free advertisements for the Gates- 


controlled World Health Organization narrative while deleting ‘false 
claims and conspiracy theories’ to stop ‘misinformation’ about the 
alleged coronavirus. All these responses could be seen just a short 
while earlier in the scenarios of Event 201. Extreme censorship was 
absolutely crucial for the Cult because the official story was so 
ridiculous and unsupportable by the evidence that it could never 
survive open debate and the free-flow of information and opinion. If 
you can’t win a debate then don’t have one is the Cult’s approach 
throughout history. Facebook’s little boy front man — front boy — 
Mark Zuckerberg equated ‘credible and accurate information’ with 
official sources and exposing their lies with ‘misinformation’. 


Silencing those that can see 

The censorship dynamic of Event 201 is now the norm with an army 
of narrative-supporting ‘fact-checker’ organisations whose entire 
reason for being is to tell the public that official narratives are true 
and those exposing them are lying. One of the most appalling of 
these ‘fact-checkers’ is called NewsGuard founded by ultra-Zionist 
Americans Gordon Crovitz and Steven Brill. Crovitz is a former 
publisher of The Wall Street Journal, former Executive Vice President 
of Dow Jones, a member of the Council on Foreign Relations (CFR), 
and on the board of the American Association of Rhodes Scholars. 
The CFR and Rhodes Scholarships, named after Rothschild agent 
Cecil Rhodes who plundered the gold and diamonds of South Africa 
for his masters and the Cult, have featured widely in my books. 
NewsGuard don’t seem to like me for some reason — I really can’t 
think why — and they have done all they can to have me censored 
and discredited which is, to quote an old British politician, like being 
savaged by a dead sheep. They are, however, like all in the 
censorship network, very well connected and funded by 
organisations themselves funded by, or connected to, Bill Gates. As 
you would expect with anything associated with Gates NewsGuard 
has an offshoot called HealthGuard which ‘fights online health care 
hoaxes’. How very kind. Somehow the NewsGuard European 
Managing Director Anna-Sophie Harling, a remarkably young- 


looking woman with no broadcasting experience and little hands-on 
work in journalism, has somehow secured a position on the ‘Content 
Board’ of UK government broadcast censor Ofcom. An executive of 
an organisation seeking to discredit dissidents of the official 
narratives is making decisions for the government broadcast 
‘regulator’ about content?? Another appalling ‘fact-checker’ is Full 
Fact funded by George Soros and global censors Google and 
Facebook. 


It’s amazing how many activists in the ‘fact-checking’, ‘anti-hate’, 
arena turn up in government-related positions — people like UK 
Labour Party activist Imran Ahmed who heads the Center for 
Countering Digital Hate founded by people like Morgan 
McSweeney, now chief of staff to the Labour Party’s hapless and 
useless ‘leader’ Keir Starmer. Digital Hate — which is what it really is 
— uses the American spelling of Center to betray its connection to a 
transatlantic network of similar organisations which in 2020 
shapeshifted from attacking people for ‘hate’ to attacking them for 
questioning the ‘Covid’ hoax and the dangers of the ‘Covid vaccine’. 
It’s just a coincidence, you understand. This is one of Imran Ahmed’s 
hysterical statements: ‘I would go beyond calling anti-vaxxers 
conspiracy theorists to say they are an extremist group that pose a 
national security risk.’ No one could ever accuse this prat of 
understatement and he’s including in that those parents who are 
now against vaccines after their children were damaged for life or 
killed by them. He’s such a nice man. Ahmed does the rounds of the 
Woke media getting soft-ball questions from spineless ‘journalists’ 
who never ask what right he has to campaign to destroy the freedom 
of speech of others while he demands it for himself. There also 
seems to be an overrepresentation in Ofcom of people connected to 
the narrative-worshipping BBC. This incredible global network of 
narrative-support was super-vital when the ‘Covid’ hoax was played 
in the light of the mega-whopper lies that have to be defended from 
the spotlight cast by the most basic intelligence. 


The Cult plays the long game and proceeds step-by-step ensuring 
that everything is in place before major cards are played and they 
don’t come any bigger than the ‘Covid’ hoax. The psychopaths can’t 
handle events where the outcome isn’t certain and as little as 
possible — preferably nothing — is left to chance. Politicians, 
government and medical officials who would follow direction were 
brought to illusory power in advance by the Cult web whether on 
the national stage or others like state governors and mayors of 
America. For decades the dynamic between officialdom, law 
enforcement and the public was changed from one of service to one 
of control and dictatorship. Behaviour manipulation networks 
established within government were waiting to impose the coming 
‘Covid’ rules and regulations specifically designed to subdue and 
rewire the psyche of the people in the guise of protecting health. 
These included in the UK the Behavioural Insights Team part-owned 
by the British government Cabinet Office; the Scientific Pandemic 
Insights Group on Behaviours (SPI-B); and a whole web of 
intelligence and military groups seeking to direct the conversation 
on social media and control the narrative. Among them are the 
cyberwarfare (on the people) 77th Brigade of the British military 
which is also coordinated through the Cabinet Office as civilian and 
military leadership continues to combine in what they call the 
Fusion Doctrine. The 77th Brigade is a British equivalent of the 
infamous Israeli (Sabbatian) military cyberwarfare and Internet 
manipulation operation Unit 8200 which I expose at length in The 
Trigger. Also carefully in place were the medical and science advisers 
to government — many on the payroll past or present of Bill Gates — 
and a whole alternative structure of unelected government stood by 
to take control when elected parliaments were effectively closed 
down once the ‘Covid’ card was slammed on the table. The structure 
I have described here and so much more was installed in every 
major country through the Cult networks. The top-down control 
hierarchy looks like this: The Cult — Cult-owned Gates — the World 
Health Organization and Tedros — Gates-funded or controlled chief 
medical officers and science ‘advisers’ (dictators) in each country — 


political ‘leaders’— law enforcement — The People. Through this 
simple global communication and enforcement structure the policy 
of the Cult could be imposed on virtually the entire human 
population so long as they acquiesced to the fascism. With 
everything in place it was time for the button to be pressed in late 
2019/early 2020. 


These were the prime goals the Cult had to secure for its will to 
prevail: 


1) Locking down economies, closing all but designated ‘essential’ businesses (Cult-owned 
corporations were ‘essential’), and putting the population under house arrest was an 
imperative to destroy independent income and employment and ensure dependency on the 
Cult-controlled state in the Hunger Games Society. Lockdowns had to be established as the 
global blueprint from the start to respond to the ‘virus’ and followed by pretty much the 
entire world. 


2) The global population had to be terrified into believing in a deadly ‘virus’ that didn’t 
actually exist so they would unquestioningly obey authority in the belief that authority 
must know how best to protect them and their families. Software salesman Gates would 
suddenly morph into the world’s health expert and be promoted as such by the Cult-owned 
media. 


3) A method of testing that wasn’t testing for the ‘virus’, but was only claimed to be, had to 
be in place to provide the illusion of ‘cases’ and subsequent ‘deaths’ that had a very 
different cause to the ‘Covid-19’ that would be scribbled on the death certificate. 


4) Because there was no ‘virus’ and the great majority testing positive with a test not testing 
for the ‘virus’ would have no symptoms of anything the lie had to be sold that people 
without symptoms (without the ‘virus’) could still pass it on to others. This was crucial to 
justify for the first time quarantining — house arresting — healthy people. Without this the 
economy-destroying lockdown of everybody could not have been credibly sold. 


5) The ‘saviour’ had to be seen as a vaccine which beyond evil drug companies were 
working like angels of mercy to develop as quickly as possible, with all corners cut, to save 
the day. The public must absolutely not know that the ‘vaccine’ had nothing to do with a 
‘virus’ or that the contents were ready and waiting with a very different motive long before 
the ‘Covid’ card was even lifted from the pack. 


I said in March, 2020, that the ‘vaccine’ would have been created 
way ahead of the ‘Covid’ hoax which justified its use and the 
following December an article in the New York Intelligencer 
magazine said the Moderna ‘vaccine’ had been ‘designed’ by 


January, 2020. This was ‘before China had even acknowledged that 
the disease could be transmitted from human to human, more than a 
week before the first confirmed coronavirus case in the United 
States’. The article said that by the time the first American death was 
announced a month later ‘the vaccine had already been 
manufactured and shipped to the National Institutes of Health for 
the beginning of its Phase I clinical trial’. The ‘vaccine’ was actually 
‘designed’ long before that although even with this timescale you 
would expect the article to ask how on earth it could have been done 
that quickly. Instead it asked why the ‘vaccine’ had not been rolled 
out then and not months later. Journalism in the mainstream is truly 
dead. I am going to detail in the next chapter why the ‘virus’ has 
never existed and how a hoax on that scale was possible, but first the 
foundation on which the Big Lie of ‘Covid’ was built. 


The test that doesn't test 


Fraudulent ‘testing’ is the bottom line of the whole ‘Covid’ hoax and 
was the means by which a ‘virus’ that did not exist appeared to exist. 
They could only achieve this magic trick by using a test not testing 
for the ‘virus’. To use a test that was testing for the ‘virus’ would 
mean that every test would come back negative given there was no 
‘virus’. They chose to exploit something called the RT-PCR test 
invented by American biochemist Kary Mullis in the 1980s who said 
publicly that his PCR test ... cannot detect infectious disease. Yes, the 
‘test’ used worldwide to detect infectious ‘Covid’ to produce all the 
illusory ‘cases’ and ‘deaths’ compiled by Johns Hopkins and others 
cannot detect infectious disease. This fact came from the mouth of the 
man who invented PCR and was awarded the Nobel Prize in 
Chemistry in 1993 for doing so. Sadly, and incredibly conveniently 
for the Cult, Mullis died in August, 2019, at the age of 74 just before 
his test would be fraudulently used to unleash fascism on the world. 
He was said to have died from pneumonia which was an irony in 
itself. A few months later he would have had ‘Covid-19’ on his death 
certificate. I say the timing of his death was convenient because had 
he lived Mullis, a brilliant, honest and decent man, would have been 


vociferously speaking out against the use of his test to detect “Covid’ 
when it was never designed, or able, to do that. I know that to be 
true given that Mullis made the same point when his test was used 
to ‘detect’ — not detect — HIV. He had been seriously critical of the 
Gallo/Montagnier claim to have isolated the HIV ‘virus’ and shown 
it to cause AIDS for which Mullis said there was no evidence. AIDS 
is actually not a disease but a series of diseases from which people 
die all the time. When they die from those same diseases after a 
positive ‘test’ for HIV then AIDS goes on their death certificate. I 
think I’ve heard that before somewhere. Countries instigated a 
policy with ‘Covid’ that anyone who tested positive with a test not 
testing for the ‘virus’ and died of any other cause within 28 days and 
even longer ‘Covid-19 had to go on the death certificate. Cases have 
come from the test that can’t test for infectious disease and the 
deaths are those who have died of anything after testing positive 
with a test not testing for the ‘virus’. I’Il have much more later about 
the death certificate scandal. 


Mullis was deeply dismissive of the now US ‘Covid’ star Anthony 
Fauci who he said was a liar who didn’t know anything about 
anything — ‘and I would say that to his face — nothing.’ He said of 
Fauci: ‘The man thinks he can take a blood sample, put it in an 
electron microscope and if it’s got a virus in there you'll know it — he 
doesn’t understand electron microscopy and he doesn’t understand 
medicine and shouldn’t be in a position like he’s in.’ That position, 
terrifyingly, has made him the decider of “Covid’ fascism policy on 
behalf of the Cult in his role as director since 1984 of the National 
Institute of Allergy and Infectious Diseases (NIAID) while his record 
of being wrong is laughable; but being wrong, so long as it’s the right 
kind of wrong, is why the Cult loves him. He’ll say anything the Cult 
tells him to say. Fauci was made Chief Medical Adviser to the 
President immediately Biden took office. Biden was installed in the 
White House by Cult manipulation and one of his first decisions was 
to elevate Fauci to a position of even more control. This is a 
coincidence? Yes, and I identify as a flamenco dancer called Lola. 
How does such an incompetent criminal like Fauci remain in that 


pivotal position in American health since the 1980s? When you serve 
the Cult it looks after you until you are surplus to requirements. 
Kary Mullis said prophetically of Fauci and his like: “Those guys 
have an agenda and it’s not an agenda we would like them to have 
... they make their own rules, they change them when they want to, 
and Tony Fauci does not mind going on television in front of the 
people who pay his salary and lie directly into the camera.’ Fauci has 
done that almost daily since the ‘Covid’ hoax began. Lying is in 
Fauci’s DNA. To make the situation crystal clear about the PCR test 
this is a direct quote from its inventor Kary Mullis: 


It [the PCR test] doesn’t tell you that you’re sick and doesn’t tell you that the thing you ended 
up with was really going to hurt you ...’ 


Ask yourself why governments and medical systems the world over 
have been using this very test to decide who is ‘infected’ with the 
SARS-CoV-2 ‘virus’ and the alleged disease it allegedly causes, 
‘Covid-19’. The answer to that question will tell you what has been 
going on. By the way, here’s a little show-stopper — the ‘new’ SARS- 
CoV-2 ‘virus’ was ‘identified’ as such right from the start using ... the 
PCR test not testing for the ‘virus’. If you are new to this and find that 
shocking then stick around. I have hardly started yet. Even worse, 
other ‘tests’, like the ‘Lateral Flow Device’ (LFD), are considered so 
useless that they have to be confirmed by the PCR test! Leaked emails 
written by Ben Dyson, adviser to UK ‘Health’ Secretary Matt 
Hancock, said they were ‘dangerously unreliable’. Dyson, executive 
director of strategy at the Department of Health, wrote: ‘As of today, 
someone who gets a positive LFD result in (say) London has at best a 
25 per cent chance of it being a true positive, but if it is a self- 
reported test potentially as low as 10 per cent (on an optimistic 
assumption about specificity) or as low as 2 per cent (on a more 
pessimistic assumption).’ These are the ‘tests’ that schoolchildren 
and the public are being urged to have twice a week or more and 
have to isolate if they get a positive. Each fake positive goes in the 
statistics as a ‘case’ no matter how ludicrously inaccurate and the 


‘cases’ drive lockdown, masks and the pressure to ‘vaccinate’. The 
government said in response to the email leak that the ‘tests’ were 
accurate which confirmed yet again what shocking bloody liars they 
are. The real false positive rate is 100 percent as we’ll see. In another 
‘you couldn’t make it up’ the UK government agreed to pay £2.8 
billion to California’s Innova Medical Group to supply the irrelevant 
lateral flow tests. The company’s primary test-making centre is in 
China. Innova Medical Group, established in March, 2020, is owned 
by Pasaca Capital Inc, chaired by Chinese-American millionaire 
Charles Huang who was born in Wuhan. 


How it works — and how it doesn't 

The RT-PCR test, known by its full title of Polymerase chain reaction, 
is used across the world to make millions, even billions, of copies of 
a DNA/RNA genetic information sample. The process is called 
‘amplification’ and means that a tiny sample of genetic material is 
amplified to bring out the detailed content. I stress that it is not 
testing for an infectious disease. It is simply amplifying a sample of 
genetic material. In the words of Kary Mullis: ‘PCR is ... just a 
process that’s used to make a whole lot of something out of 
something.’ To emphasise the point companies that make the PCR 
tests circulated around the world to ‘test’ for ‘Covid’ warn on the 
box that it can’t be used to detect ‘Covid’ or infectious disease and is 
for research purposes only. It’s okay, rest for a minute and you'll be 
fine. This is the test that produces the ‘cases’ and ‘deaths’ that have 
been used to destroy human society. All those global and national 
medical and scientific ‘experts’ demanding this destruction to ‘save 
us’ KNOW that the test is not testing for the ‘virus’ and the cases and 
deaths they claim to be real are an almost unimaginable fraud. Every 
one of them and so many others including politicians and 
psychopaths like Gates and Tedros must be brought before 
Nuremburg-type trials and jailed for the rest of their lives. The more 
the genetic sample is amplified by PCR the more elements of that 
material become sensitive to the test and by that I don’t mean 
sensitive for a ‘virus’ but for elements of the genetic material which 


is naturally in the body or relates to remnants of old conditions of 
various kinds lying dormant and causing no disease. Once the 
amplification of the PCR reaches a certain level everyone will test 
positive. So much of the material has been made sensitive to the test 
that everyone will have some part of it in their body. Even lying 
criminals like Fauci have said that once PCR amplifications pass 35 
cycles everything will be a false positive that cannot be trusted for 
the reasons I have described. I say, like many proper doctors and 
scientists, that 100 percent of the ‘positives’ are false, but let’s just go 
with Fauci for a moment. 


He says that any amplification over 35 cycles will produce false 
positives and yet the US Centers for Disease Control (CDC) and 
Food and Drug Administration (FDA) have recommended up to 40 
cycles and the National Health Service (NHS) in Britain admitted in 
an internal document for staff that it was using 45 cycles of 
amplification. A long list of other countries has been doing the same 
and at least one ‘testing’ laboratory has been using 50 cycles. Have 
you ever heard a doctor, medical ‘expert’ or the media ask what level 
of amplification has been used to claim a ‘positive’. The ‘test’ comes 
back ‘positive’ and so you have the ‘virus’, end of story. Now we can 
see how the government in Tanzania could send off samples from a 
goat and a pawpaw fruit under human names and both came back 
positive for ‘Covid-19’. Tanzania president John Magufuli mocked 
the ‘Covid’ hysteria, the PCR test and masks and refused to import 
the DNA-manipulating ‘vaccine’. The Cult hated him and an article 
sponsored by the Bill Gates Foundation appeared in the London 
Guardian in February, 2021, headed ‘It’s time for Africa to rein in 
Tanzania’s anti-vaxxer president’. Well, ‘reined in’ he shortly was. 
Magufuli appeared in good health, but then, in March, 2021, he was 
dead at 61 from ‘heart failure’. He was replaced by Samia Hassan 
Suhulu who is connected to Klaus Schwab’s World Economic Forum 
and she immediately reversed Magufuli’s “‘Covid’ policy. A sample of 
cola tested positive for ‘Covid’ with the PCR test in Germany while 
American actress and singer-songwriter Erykah Badu tested positive 
in one nostril and negative in the other. Footballer Ronaldo called 


the PCR test ‘bullshit’ after testing positive three times and being 
forced to quarantine and miss matches when there was nothing 
wrong with him. The mantra from Tedros at the World Health 
Organization and national governments (same thing) has been test, 
test, test. They know that the more tests they can generate the more 
fake ‘cases’ they have which go on to become ‘deaths’ in ways Iam 
coming to. The UK government has its Operation Moonshot planned 
to test multiple millions every day in workplaces and schools with 
free tests for everyone to use twice a week at home in line with the 
Cult plan from the start to make testing part of life. A government 
advertisement for an ‘Interim Head of Asymptomatic Testing 
Communication’ said the job included responsibility for delivering a 
‘communications strategy’ (propaganda) ‘to support the expansion 
of asymptomatic testing that ‘normalises testing as part of everyday life’. 
More tests means more fake ‘cases’, ‘deaths’ and fascism. I have 
heard of, and from, many people who booked a test, couldn’t turn 
up, and yet got a positive result through the post for a test they’d 
never even had. The whole thing is crazy, but for the Cult there’s 
method in the madness. Controlling and manipulating the level of 
amplification of the test means the authorities can control whenever 
they want the number of apparent ‘cases’ and ‘deaths’. If they want 
to justify more fascist lockdown and destruction of livelihoods they 
keep the amplification high. If they want to give the illusion that 
lockdowns and the ‘vaccine’ are working then they lower the 
amplification and ‘cases’ and ‘deaths’ will appear to fall. In January, 
2021, the Cult-owned World Health Organization suddenly warned 
laboratories about over-amplification of the test and to lower the 
threshold. Suddenly headlines began appearing such as: ‘Why ARE 
“Covid” cases plummeting?’ This was just when the vaccine rollout 
was underway and I had predicted months before they would make 
cases appear to fall through amplification tampering when the 
‘vaccine’ came. These people are so predictable. 


The question must be asked of what is on the test swabs being poked 
far up the nose of the population to the base of the brain? A nasal 
swab punctured one woman’s brain and caused it to leak fluid. Most 
of these procedures are being done by people with little training or 
medical knowledge. Dr Lorraine Day, former orthopaedic trauma 
surgeon and Chief of Orthopaedic Surgery at San Francisco General 
Hospital, says the tests are really a ‘vaccine’. Cows have long been 
vaccinated this way. She points out that masks have to cover the nose 
and the mouth where it is claimed the ‘virus’ exists in saliva. Why 
then don’t they take saliva from the mouth as they do with a DNA 
test instead of pushing a long swab up the nose towards the brain? 
The ethmoid bone separates the nasal cavity from the brain and 
within that bone is the cribriform plate. Dr Day says that when the 
swab is pushed up against this plate and twisted the procedure is 
‘depositing things back there’. She claims that among these ‘things’ 
are nanoparticles that can enter the brain. Researchers have noted 
that a team at the Gates-funded Johns Hopkins have designed tiny, 
star-shaped micro-devices that can latch onto intestinal mucosa and 
release drugs into the body. Mucosa is the thin skin that covers the 
inside surface of parts of the body such as the nose and mouth and 
produces mucus to protect them. The Johns Hopkins micro-devices 
are called ‘theragrippers’ and were ‘inspired’ by a parasitic worm 
that digs its sharp teeth into a host’s intestines. Nasal swabs are also 
coated in the sterilisation agent ethylene oxide. The US National 
Cancer Institute posts this explanation on its website: 


At room temperature, ethylene oxide is a flammable colorless gas with a sweet odor. It is used 
primarily to produce other chemicals, including antifreeze. In smaller amounts, ethylene 
oxide is used as a pesticide and a sterilizing agent. The ability of ethylene oxide to damage 
DNA makes it an effective sterilizing agent but also accounts for its cancer-causing activity. 


The Institute mentions lymphoma and leukaemia as cancers most 
frequently reported to be associated with occupational exposure to 
ethylene oxide along with stomach and breast cancers. How does 
anyone think this is going to work out with the constant testing 


regime being inflicted on adults and children at home and at school 
that will accumulate in the body anything that’s on the swab? 


Doctors know best 

It is vital for people to realise that ‘hero’ doctors ‘know’ only what 
the Big Pharma-dominated medical authorities tell them to ‘know’ 
and if they refuse to ‘know’ what they are told to ‘know’ they are out 
the door. They are mostly not physicians or healers, but repeaters of 
the official narrative — or else. I have seen alleged professional 
doctors on British television make shocking statements that we are 
supposed to take seriously. One called ‘Dr’ Amir Khan, who is 
actually telling patients how to respond to illness, said that men 
could take the birth pill to ‘help slow down the effects of Covid-19”. 
In March, 2021, another ridiculous “Covid study’ by an American 
doctor proposed injecting men with the female sex hormone 
progesterone as a ‘Covid’ treatment. British doctor Nighat Arif told 
the BBC that face coverings were now going to be part of ongoing 
normal. Yes, the vaccine protects you, she said (evidence?) ... but the 
way to deal with viruses in the community was always going to 
come down to hand washing, face covering and keeping a physical 
distance. That’s not what we were told before the ‘vaccine’ was 
circulating. Arif said she couldn't imagine ever again going on the 
underground or in a lift without a mask. I was just thanking my 
good luck that she was not my doctor when she said — in March, 
2021 — that if “we are behaving and we are doing all the right things’ 
she thought we could ‘have our nearest and dearest around us at 
home ... around Christmas and New Year! Her patronising delivery 
was the usual school teacher talking to six-year-olds as she repeated 
every government talking point and probably believed them all. If 
we have learned anything from the ‘Covid’ experience surely it must 
be that humanity’s perception of doctors needs a fundamental 
rethink. NHS ‘doctor’ Sara Kayat told her television audience that 
the ‘Covid vaccine’ would ‘100 percent prevent hospitalisation and 
death’. Not even Big Pharma claimed that. We have to stop taking 
‘experts’ at their word without question when so many of them are 


clueless and only repeating the party line on which their careers 
depend. That is not to say there are not brilliants doctors — there are 
and I have spoken to many of them since all this began — but you 
won't see them in the mainstream media or quoted by the 
psychopaths and yes-people in government. 


Remember the name — Christian Drosten 

German virologist Christian Drosten, Director of Charité Institute of 
Virology in Berlin, became a national star after the pandemic hoax 
began. He was feted on television and advised the German 
government on ‘Covid’ policy. Most importantly to the wider world 
Drosten led a group that produced the ‘Covid’ testing protocol for 
the PCR test. What a remarkable feat given the PCR cannot test for 
infectious disease and even more so when you think that Drosten 
said that his method of testing for SARS-CoV-2 was developed 
‘without having virus material available’. He developed a test for a 
‘virus’ that he didn’t have and had never seen. Let that sink in as you 
survey the global devastation that came from what he did. The 
whole catastrophe of Drosten’s ‘test’ was based on the alleged 
genetic sequence published by Chinese scientists on the Internet. We 
will see in the next chapter that this alleged ‘genetic sequence’ has 
never been produced by China or anyone and cannot be when there 
is no SARS-CoV-2. Drosten, however, doesn’t seem to let little details 
like that get in the way. He was the lead author with Victor Corman 
from the same Charité Hospital of the paper ‘Detection of 2019 novel 
coronavirus (2019-nCoV) by real-time PCR’ published in a magazine 
called Eurosurveillance. This became known as the Corman-Drosten 
paper. In November, 2020, with human society devastated by the 
effects of the Corman-Drosten test baloney, the protocol was publicly 
challenged by 22 international scientists and independent 
researchers from Europe, the United States, and Japan. Among them 
were senior molecular geneticists, biochemists, immunologists, and 
microbiologists. They produced a document headed ‘External peer 
review of the RTPCR test to detect SARS-Cov-2 Reveals 10 Major 
Flaws At The Molecular and Methodological Level: Consequences 


For False-Positive Results’. The flaws in the Corman-Drosten test 
included the following: 


e The test is non-specific because of erroneous design 
e Results are enormously variable 


e The test is unable to discriminate between the whole ‘virus’ and 
viral fragments 


e It doesn’t have positive or negative controls 
e The test lacks a standard operating procedure 
e It is unsupported by proper peer view 


The scientists said the PCR ‘Covid’ testing protocol was not 
founded on science and they demanded the Corman-Drosten paper 
be retracted by Eurosurveillance. They said all present and previous 
Covid deaths, cases, and ‘infection rates’ should be subject to a 
massive retroactive inquiry. Lockdowns and travel restrictions 
should be reviewed and relaxed and those diagnosed through PCR 
to have ‘Covid-19’ should not be forced to isolate. Dr Kevin Corbett, 
a health researcher and nurse educator with a long academic career 
producing a stream of peer-reviewed publications at many UK 
universities, made the same point about the PCR test debacle. He 
said of the scientists’ conclusions: ‘Every scientific rationale for the 
development of that test has been totally destroyed by this paper. It’s 
like Hiroshima/Nagasaki to the Covid test.’ He said that China 
hadn’t given them an isolated ‘virus’ when Drosten developed the 
test. Instead they had developed the test from a sequence in a gene 
bank.’ Put another way ... they made it up! The scientists were 
supported in this contention by a Portuguese appeals court which 
ruled in November, 2020, that PCR tests are unreliable and it is 
unlawful to quarantine people based solely on a PCR test. The point 
about China not providing an isolated virus must be true when the 
‘virus’ has never been isolated to this day and the consequences of 
that will become clear. Drosten and company produced this useless 
‘protocol’ right on cue in January, 2020, just as the ‘virus’ was said to 


be moving westward and it somehow managed to successfully pass 
a peer-review in 24 hours. In other words there was no peer-review 
for a test that would be used to decide who had ‘Covid’ and who 
didn’t across the world. The Cult-created, Gates-controlled World 
Health Organization immediately recommended all its nearly 200 
member countries to use the Drosten PCR protocol to detect ‘cases’ 
and ‘deaths’. The sting was underway and it continues to this day. 


So who is this Christian Drosten that produced the means through 
which death, destruction and economic catastrophe would be 
justified? His education background, including his doctoral thesis, 
would appear to be somewhat shrouded in mystery and his track 
record is dire as with another essential player in the ‘Covid’ hoax, 
the Gates-funded Professor Neil Ferguson at the Gates-funded 
Imperial College in London of whom more shortly. Drosten 
predicted in 2003 that the alleged original SARS ‘virus’ (SARS-1’) 
was an epidemic that could have serious effects on economies and an 
effective vaccine would take at least two years to produce. Drosten’s 
answer to every alleged ‘outbreak’ is a vaccine which you won't be 
shocked to know. What followed were just 774 official deaths 
worldwide and none in Germany where there were only nine cases. 
That is even if you believe there ever was a SARS ‘virus’ when the 
evidence is zilch and I will expand on this in the next chapter. 
Drosten claims to be co-discoverer of ‘SARS-1’ and developed a test 
for it in 2003. He was screaming warnings about ‘swine flu’ in 2009 
and how it was a widespread infection far more severe than any 
dangers from a vaccine could be and people should get vaccinated. It 
would be helpful for Drosten’s vocal chords if he simply recorded 
the words ‘the virus is deadly and you need to get vaccinated’ and 
copies could be handed out whenever the latest made-up threat 
comes along. Drosten’s swine flu epidemic never happened, but Big 
Pharma didn’t mind with governments spending hundreds of 
millions on vaccines that hardly anyone bothered to use and many 
who did wished they hadn’t. A study in 2010 revealed that the risk 
of dying from swine flu, or H1IN1, was no higher than that of the 
annual seasonal flu which is what at least most of ‘it’ really was as in 


the case of ‘Covid-19’. A media investigation into Drosten asked 
how with such a record of inaccuracy he could be the government 
adviser on these issues. The answer to that question is the same with 
Drosten, Ferguson and Fauci — they keep on giving the authorities 
the ‘conclusions’ and ‘advice’ they want to hear. Drosten certainly 
produced the goods for them in January, 2020, with his PCR protocol 
garbage and provided the foundation of what German internal 
medicine specialist Dr Claus Kohnlein, co-author of Virus Mania, 
called the ‘test pandemic’. The 22 scientists in the Eurosurveillance 
challenge called out conflicts of interest within the Drosten ‘protocol’ 
group and with good reason. Olfert Landt, a regular co-author of 
Drosten ‘studies’, owns the biotech company TIB Molbiol 
Syntheselabor GmbH in Berlin which manufactures and sells the 
tests that Drosten and his mates come up with. They have done this 
with SARS, Enterotoxigenic E. coli (ETEC), MERS, Zika ‘virus’, 
yellow fever, and now ‘Covid’. Landt told the Berliner Zeitung 
newspaper: 


The testing, design and development came from the Charité [Drosten and Corman]. We 
simply implemented it immediately in the form of a kit. And if we don’t have the virus, which 
originally only existed in Wuhan, we can make a synthetic gene to simulate the genome of the 
virus. That’s what we did very quickly. 


This is more confirmation that the Drosten test was designed 
without access to the ‘virus’ and only a synthetic simulation which is 
what SARS-CoV-2 really is —- a computer-generated synthetic fiction. 
It’s quite an enterprise they have going here. A Drosten team decides 
what the test for something should be and Landt’s biotech company 
flogs it to governments and medical systems across the world. His 
company must have made an absolute fortune since the ‘Covid’ hoax 
began. Dr Reiner Fuellmich, a prominent German consumer 
protection trial lawyer in Germany and California, is on Drosten’s 
case and that of Tedros at the World Health Organization for crimes 
against humanity with a class-action lawsuit being prepared in the 
United States and other legal action in Germany. 


Scamming the world with a ‘virus’ that doesn’t exist would seem 
impossible on the face of it, but not if you have control of the 
relatively few people that make policy decisions and the great 
majority of the global media. Remember it’s not about changing 
‘real’ reality it’s about controlling perception of reality. You don’t have 
to make something happen you only have make people believe that 
it’s happening. Renegade Minds understand this and are therefore 
much harder to swindle. ‘Covid-19 is not a ‘real’ ‘virus’. It’s a mind 
virus, like a computer virus, which has infected the minds, not the 
bodies, of billions. It all started, publically at least, in China and that 
alone is of central significance. The Cult was behind the revolution 
led by its asset Mao Zedong, or Chairman Mao, which established 
the People’s Republic of China on October 1st, 1949. It should have 
been called The Cult’s Republic of China, but the name had to reflect 
the recurring illusion that vicious dictatorships are run by and for 
the people (see all the ‘Democratic Republics’ controlled by tyrants). 
In the same way we have the ‘Biden’ Democratic Republic of 
America officially ruled by a puppet tyrant (at least temporarily) on 
behalf of Cult tyrants. The creation of Mao’s merciless 
communist/fascist dictatorship was part of a frenzy of activity by the 
Cult at the conclusion of World War Two which, like the First World 
War, it had instigated through its assets in Germany, Britain, France, 
the United States and elsewhere. Israel was formed in 1948; the 
Soviet Union expanded its ‘Iron Curtain’ control, influence and 
military power with the Warsaw Pact communist alliance in 1955; 
the United Nations was formed in 1945 as a Cult precursor to world 
government; and a long list of world bodies would be established 
including the World Health Organization (1948), World Trade 
Organization (1948 under another name until 1995), International 
Monetary Fund (1945) and World Bank (1944). Human society was 
redrawn and hugely centralised in the global Problem-Reaction- 
Solution that was World War Two. All these changes were 
significant. Israel would become the headquarters of the Sabbatians 


and the revolution in China would prepare the ground and control 
system for the events of 2019/2020. 


Renegade Minds know there are no borders except for public 
consumption. The Cult is a seamless, borderless global entity and to 
understand the game we need to put aside labels like borders, 
nations, countries, communism, fascism and democracy. These 
delude the population into believing that countries are ruled within 
their borders by a government of whatever shade when these are 
mere agencies of a global power. America’s illusion of democracy 
and China’s communism/fascism are subsidiaries — vehicles — for the 
same agenda. We may hear about conflict and competition between 
America and China and on the lower levels that will be true; but at 
the Cult level they are branches of the same company in the way of 
the McDonald’s example I gave earlier. I have tracked in the books 
over the years support by US governments of both parties for 
Chinese Communist Party infiltration of American society through 
allowing the sale of land, even military facilities, and the acquisition 
of American business and university influence. All this is 
underpinned by the infamous stealing of intellectual property and 
technological know-how. Cult-owned Silicon Valley corporations 
waive their fraudulent ‘morality’ to do business with human-rights- 
free China; Cult-controlled Disney has become China’s PR 
department; and China in effect owns ‘American’ sports such as 
basketball which depends for much of its income on Chinese 
audiences. As a result any sports player, coach or official speaking 
out against China’s horrific human rights record is immediately 
condemned or fired by the China-worshipping National Basketball 
Association. One of the first acts of China-controlled Biden was to 
issue an executive order telling federal agencies to stop making 
references to the ‘virus’ by the ‘geographic location of its origin’. 
Long-time Congressman Jerry Nadler warned that criticising China, 
America’s biggest rival, leads to hate crimes against Asian people in 
the United States. So shut up you bigot. China is fast closing in on 
Israel as a country that must not be criticised which is apt, really, 
given that Sabbatians control them both. The two countries have 


developed close economic, military, technological and strategic ties 
which include involvement in China’s ‘Silk Road’ transport and 
economic initiative to connect China with Europe. Israel was the first 
country in the Middle East to recognise the establishment of Mao’s 
tyranny in 1950 months after it was established. 


Project Wuhan — the ‘Covid' Psyop 

I emphasise again that the Cult plays the long game and what is 
happening to the world today is the result of centuries of calculated 
manipulation following a script to take control step-by-step of every 
aspect of human society. I will discuss later the common force 
behind all this that has spanned those centuries and thousands of 
years if the truth be told. Instigating the Mao revolution in China in 
1949 with a 2020 ‘pandemic’ in mind is not only how they work — the 
71 years between them is really quite short by the Cult’s standards of 
manipulation preparation. The reason for the Cult’s Chinese 
revolution was to create a fiercely-controlled environment within 
which an extreme structure for human control could be incubated to 
eventually be unleashed across the world. We have seen this happen 
since the ‘pandemic’ emerged from China with the Chinese control- 
structure founded on AI technology and tyrannical enforcement 
sweep across the West. Until the moment when the Cult went for 
broke in the West and put its fascism on public display Western 
governments had to pay some lip-service to freedom and democracy 
to not alert too many people to the tyranny-in-the-making. Freedoms 
were more subtly eroded and power centralised with covert 
government structures put in place waiting for the arrival of 2020 
when that smokescreen of ‘freedom’ could be dispensed with. The 
West was not able to move towards tyranny before 2020 anything 
like as fast as China which was created as a tyranny and had no 
limits on how fast it could construct the Cult’s blueprint for global 
control. When the time came to impose that structure on the world it 
was the same Cult-owned Chinese communist/fascist government 
that provided the excuse — the ‘Covid pandemic’. It was absolutely 
crucial to the Cult plan for the Chinese response to the ‘pandemic’ — 


draconian lockdowns of the entire population — to become the 
blueprint that Western countries would follow to destroy the 
livelihoods and freedom of their people. This is why the Cult- 
owned, Gates-owned, WHO Director-General Tedros said early on: 


The Chinese government is to be congratulated for the extraordinary measures it has taken to 
contain the outbreak. China is actually setting a new standard for outbreak response and it is 
not an exaggeration. 


Forbes magazine said of China: ’... those measures protected untold 
millions from getting the disease’. The Rockefeller Foundation 
‘epidemic scenario’ document in 2010 said “prophetically’: 


However, a few countries did fare better — China in particular. The Chinese government's 
quick imposition and enforcement of mandatory quarantine for all citizens, as well as its 
instant and near-hermetic sealing off of all borders, saved millions of lives, stopping the spread 
of the virus far earlier than in other countries and enabling a swifter post-pandemic recovery. 


Once again — spooky. 

The first official story was the “bat theory’ or rather the bat 
diversion. The source of the ‘virus outbreak’ we were told was a 
“wet market’ in Wuhan where bats and other animals are bought 
and eaten in horrifically unhygienic conditions. Then another story 
emerged through the alternative media that the ‘virus’ had been 
released on purpose or by accident from a BSL-4 (biosafety level 4) 
laboratory in Wuhan not far from the wet market. The lab was 
reported to create and work with lethal concoctions and 
bioweapons. Biosafety level 4 is the highest in the World Health 
Organization system of safety and containment. Renegade Minds are 
aware of what I call designer manipulation. The ideal for the Cult is 
for people to buy its prime narrative which in the opening salvoes of 
the ‘pandemic’ was the wet market story. It knows, however, that 
there is now a considerable worldwide alternative media of 
researchers sceptical of anything governments say and they are often 
given a version of events in a form they can perceive as credible 
while misdirecting them from the real truth. In this case let them 


think that the conspiracy involved is a ‘bioweapon virus’ released 
from the Wuhan lab to keep them from the real conspiracy — there is 
no ‘virus’. The WHO's current position on the source of the outbreak 
at the time of writing appears to be: ‘We haven't got a clue, mate.’ 
This is a good position to maintain mystery and bewilderment. The 
inner circle will know where the ‘virus’ came from — nowhere. The 
bottom line was to ensure the public believed there was a ‘virus’ and 
it didn’t much matter if they thought it was natural or had been 
released from a lab. The belief that there was a ‘deadly virus’ was all 
that was needed to trigger global panic and fear. The population was 
terrified into handing their power to authority and doing what they 
were told. They had to or they were ‘all gonna die’. 


In March, 2020, information began to come my way from real 
doctors and scientists and my own additional research which had 
my intuition screaming: ‘Yes, that’s it! There is no virus.’ The 
‘bioweapon’ was not the ‘virus’; it was the ‘vaccine’ already being 
talked about that would be the bioweapon. My conclusion was 
further enhanced by happenings in Wuhan. The ‘virus’ was said to 
be sweeping the city and news footage circulated of people 
collapsing in the street (which they’ve never done in the West with 
the same ‘virus’). The Chinese government was building ‘new 
hospitals’ in a matter of ten days to ‘cope with demand’ such was the 
virulent nature of the ‘virus’. Yet in what seemed like no time the 
‘new hospitals’ closed — even if they even opened — and China 
declared itself ‘virus-free’. It was back to business as usual. This was 
more propaganda to promote the Chinese draconian lockdowns in 
the West as the way to ‘beat the virus’. Trouble was that we 
subsequently had lockdown after lockdown, but never business as 
usual. As the people of the West and most of the rest of the world 
were caught in an ever-worsening spiral of lockdown, social 
distancing, masks, isolated old people, families forced apart, and 
livelihood destruction, it was party-time in Wuhan. Pictures 
emerged of thousands of people enjoying pool parties and concerts. 
It made no sense until you realised there never was a ‘virus’ and the 


whole thing was a Cult set-up to transform human society out of one 
its major global strongholds — China. 


How is it possible to deceive virtually the entire world population 
into believing there is a deadly virus when there is not even a ‘virus’ 
let alone a deadly one? It’s nothing like as difficult as you would 
think and that’s clearly true because it happened. 


Postscript: See end of book Postscript for more on the ‘Wuhan lab 
virus release’ story which the authorities and media were pushing 
heavily in the summer of 2021 to divert attention from the truth that 
the ‘Covid virus’ is pure invention. 


CHAPTER FIVE 
There is no ‘virus’ 


You can fool some of the people all of the time, and all of the people 
some of the time, but you cannot fool all of the people all of the time 
Abraham Lincoln 


he greatest form of mind control is repetition. The more you 

repeat the same mantra of alleged ‘facts’ the more will accept 
them to be true. It becomes an ‘everyone knows that, mate’. If you 
can also censor any other version or alternative to your alleged 
‘facts’ you are pretty much home and cooking. 


By the start of 2020 the Cult owned the global mainstream media 
almost in its entirety to spew out its ‘Covid’ propaganda and ignore 
or discredit any other information and view. Cult-owned social 
media platforms in Cult-owned Silicon Valley were poised and 
ready to unleash a campaign of ferocious censorship to obliterate all 
but the official narrative. To complete the circle many demands for 
censorship by Silicon Valley were led by the mainstream media as 
‘journalists’ became full-out enforcers for the Cult both as 
propagandists and censors. Part of this has been the influx of young 
people straight out of university who have become ‘journalists’ in 
significant positions. They have no experience and a headful of 
programmed perceptions from their years at school and university at 
a time when today’s young are the most perceptually-targeted 
generations in known human history given the insidious impact of 
technology. They enter the media perceptually prepared and ready 
to repeat the narratives of the system that programmed them to 


repeat its narratives. The BBC has a truly pathetic ‘specialist 
disinformation reporter’ called Marianna Spring who fits this bill 
perfectly. She is clueless about the world, how it works and what is 
really going on. Her role is to discredit anyone doing the job that a 
proper journalist would do and system-serving hacks like Spring 
wouldn't dare to do or even see the need to do. They are too busy 
licking the arse of authority which can never be wrong and, in the 
case of the BBC propaganda programme, Panorama, contacting 
payments systems such as PayPal to have a donations page taken 
down for a film company making documentaries questioning 
vaccines. Even the BBC soap opera EastEnders included a 
disgracefully biased scene in which an inarticulate white working 
class woman was made to look foolish for questioning the ‘vaccine’ 
while a well-spoken black man and Asian woman promoted the 
government narrative. It ticked every BBC box and the fact that the 
black and minority community was resisting the ‘vaccine’ had 
nothing to do with the way the scene was written. The BBC has 
become a disgusting tyrannical propaganda and censorship 
operation that should be defunded and disbanded and a free media 
take its place with a brief to stop censorship instead of demanding it. 
A BBC ‘interview’ with Gates goes something like: ‘Mr Gates, sir, if I 
can call you sir, would you like to tell our audience why you are 
such a great man, a wonderful humanitarian philanthropist, and 
why you should absolutely be allowed as a software salesman to 
decide health policy for approaching eight billion people? Thank 
you, sir, please sir.’ Propaganda programming has been incessant 
and merciless and when all you hear is the same story from the 
media, repeated by those around you who have only heard the same 
story, is it any wonder that people on a grand scale believe absolute 
mendacious garbage to be true? You are about to see, too, why this 
level of information control is necessary when the official “Covid’ 
narrative is so nonsensical and unsupportable by the evidence. 


The pyramid structure through which the ‘Covid’ hoax has been 
manifested is very simple and has to be to work. As few people as 
possible have to be involved with full knowledge of what they are 
doing — and why - or the real story would get out. At the top of the 
pyramid are the inner core of the Cult which controls Bill Gates who, 
in turn, controls the World Health Organization through his pivotal 
funding and his puppet Director-General mouthpiece, Tedros. 
Before he was appointed Tedros was chair of the Gates-founded 
Global Fund to ‘fight against AIDS, tuberculosis and malaria’, a 
board member of the Gates-funded ‘vaccine alliance’ GAVI, and on 
the board of another Gates-funded organisation. Gates owns him 
and picked him for a specific reason — Tedros is a crook and worse. 
‘Dr’ Tedros (he’s not a medical doctor, the first WHO chief not to be) 
was a member of the tyrannical Marxist government of Ethiopia for 
decades with all its human rights abuses. He has faced allegations of 
corruption and misappropriation of funds and was exposed three 
times for covering up cholera epidemics while Ethiopia’s health 
minister. Tedros appointed the mass-murdering genocidal 
Zimbabwe dictator Robert Mugabe as a WHO goodwill ambassador 
for public health which, as with Tedros, is like appointing a 
psychopath to run a peace and love campaign. The move was so 
ridiculous that he had to drop Mugabe in the face of widespread 
condemnation. American economist David Steinman, a Nobel peace 
prize nominee, lodged a complaint with the International Criminal 
Court in The Hague over alleged genocide by Tedros when he was 
Ethiopia’s foreign minister. Steinman says Tedros was a ‘crucial 
decision maker’ who directed the actions of Ethiopia’s security forces 
from 2013 to 2015 and one of three officials in charge when those 
security services embarked on the ‘killing’ and ‘torturing’ of 
Ethiopians. You can see where Tedros is coming from and it’s 
sobering to think that he has been the vehicle for Gates and the Cult 
to direct the global response to ‘Covid’. Think about that. A 
psychopathic Cult dictates to psychopath Gates who dictates to 
psychopath Tedros who dictates how countries of the world must 
respond to a ‘Covid virus’ never scientifically shown to exist. At the 
same time psychopathic Cult-owned Silicon Valley information 


giants like Google, YouTube, Facebook and Twitter announced very 
early on that they would give the Cult/Gates/Tedros/WHO version 
of the narrative free advertising and censor those who challenged 
their intelligence-insulting, mendacious story. 

The next layer in the global ‘medical’ structure below the Cult, 
Gates and Tedros are the chief medical officers and science ‘advisers’ 
in each of the WHO member countries which means virtually all of 
them. Medical officers and arbiters of science (they’re not) then take 
the WHO policy and recommended responses and impose them on 
their country’s population while the political ‘leaders’ say they are 
deciding policy (they’re clearly not) by ‘following the science’ on the 
advice of the ‘experts’ — the same medical officers and science 
‘advisers’ (dictators). In this way with the rarest of exceptions the 
entire world followed the same policy of lockdown, people 
distancing, masks and ‘vaccines’ dictated by the psychopathic Cult, 
psychopathic Gates and psychopathic Tedros who we are supposed 
to believe give a damn about the health of the world population they 
are seeking to enslave. That, amazingly, is all there is to it in terms of 
crucial decision-making. Medical staff in each country then follow 
like sheep the dictates of the shepherds at the top of the national 
medical hierarchies — chief medical officers and science ‘advisers’ 
who themselves follow like sheep the shepherds of the World Health 
Organization and the Cult. Shepherds at the national level often 
have major funding and other connections to Gates and his Bill and 
Melinda Gates Foundation which carefully hands out money like 
confetti at a wedding to control the entire global medical system 
from the WHO down. 


Follow the money 

Christopher Whitty, Chief Medical Adviser to the UK Government at 
the centre of ‘virus’ policy, a senior adviser to the government's 
Scientific Advisory Group for Emergencies (SAGE), and Executive 
Board member of the World Health Organization, was gifted a grant 
of $40 million by the Bill and Melinda Gates Foundation for malaria 
research in Africa. The BBC described the unelected Whitty as ‘the 


official who will probably have the greatest impact on our everyday 
lives of any individual policymaker in modern times’ and so it 
turned out. What Gates and Tedros have said Whitty has done like 
his equivalents around the world. Patrick Vallance, co-chair of SAGE 
and the government's Chief Scientific Adviser, is a former executive 
of Big Pharma giant GlaxoSmithKline with its fundamental financial 
and business connections to Bill Gates. In September, 2020, it was 
revealed that Vallance owned a deferred bonus of shares in 
GlaxoSmithKline worth £600,000 while the company was 
‘developing’ a ‘Covid vaccine’. Move along now — nothing to see 
here — what could possibly be wrong with that? Imperial College in 
London, a major player in ‘Covid’ policy in Britain and elsewhere 
with its ‘Covid-19’ Response Team, is funded by Gates and has big 
connections to China while the now infamous Professor Neil 
Ferguson, the useless ‘computer modeller’ at Imperial College is also 
funded by Gates. Ferguson delivered the dramatically inaccurate 
excuse for the first lockdowns (much more in the next chapter). The 
Institute for Health Metrics and Evaluation (IHME) in the United 
States, another source of outrageously false ‘Covid’ computer 
models to justify lockdowns, is bankrolled by Gates who is a 
vehement promotor of lockdowns. America’s version of Whitty and 
Vallance, the again now infamous Anthony Fauci, has connections to 
‘Covid vaccine’ maker Moderna as does Bill Gates through funding 
from the Bill and Melinda Gates Foundation. Fauci is director of the 
National Institute of Allergy and Infectious Diseases (NIAID), a 
major recipient of Gates money, and they are very close. Deborah 
Birx who was appointed White House Coronavirus Response 
Coordinator in February, 2020, is yet another with ties to Gates. 
Everywhere you look at the different elements around the world 
behind the coordination and decision making of the ‘Covid’ hoax 
there is Bill Gates and his money. They include the World Health 
Organization; Centers for Disease Control (CDC) in the United 
States; National Institutes of Health (NIH) of Anthony Fauci; 
Imperial College and Neil Ferguson; the London School of Hygiene 
where Chris Whitty worked; Regulatory agencies like the UK 
Medicines & Healthcare products Regulatory Agency (MHRA) 


which gave emergency approval for ‘Covid vaccines’; Wellcome 
Trust; GAVI, the Vaccine Alliance; the Coalition for Epidemic 
Preparedness Innovations (CEPI); Johns Hopkins University which 
has compiled the false ‘Covid’ figures; and the World Economic 
Forum. A Nationalfile.com article said: 


Gates has a lot of pull in the medical world, he has a multi-million dollar relationship with Dr. 
Fauci, and Fauci originally took the Gates line supporting vaccines and casting doubt on [the 
drug hydroxychloroquine]. Coronavirus response team member Dr. Deborah Birx, appointed 
by former president Obama to serve as United States Global AIDS Coordinator, also sits on the 
board of a group that has received billions from Gates’ foundation, and Birx reportedly used a 
disputed Bill Gates-funded model for the White House’s Coronavirus effort. Gates is a big 
proponent for a population lockdown scenario for the Coronavirus outbreak. 


Another funder of Moderna is the Defense Advanced Research 
Projects Agency (DARPA), the technology-development arm of the 
Pentagon and one of the most sinister organisations on earth. 
DARPA had a major role with the CIA covert technology-funding 
operation In-Q-Tel in the development of Google and social media 
which is now at the centre of global censorship. Fauci and Gates are 
extremely close and openly admit to talking regularly about ‘Covid’ 
policy, but then why wouldn't Gates have a seat at every national 
‘Covid’ table after his Foundation committed $1.75 billion to the 
‘fight against Covid-19’. When passed through our Orwellian 
Translation Unit this means that he has bought and paid for the Cult- 
driven ‘Covid’ response worldwide. Research the major ‘Covid’ 
response personnel in your own country and you will find the same 
Gates funding and other connections again and again. Medical and 
science chiefs following World Health Organization ‘policy’ sit atop 
a medical hierarchy in their country of administrators, doctors and 
nursing staff. These ‘subordinates’ are told they must work and 
behave in accordance with the policy delivered from the ‘top’ of the 
national ‘health’ pyramid which is largely the policy delivered by 
the WHO which is the policy delivered by Gates and the Cult. The 
whole ‘Covid’ narrative has been imposed on medical staff by a 
climate of fear although great numbers don’t even need that to 
comply. They do so through breathtaking levels of ignorance and 


include doctors who go through life simply repeating what Big 
Pharma and their hierarchical masters tell them to say and believe. 
No wonder Big Pharma ‘medicine’ is one of the biggest killers on 
Planet Earth. 

The same top-down system of intimidation operates with regard 
to the Cult Big Pharma cartel which also dictates policy through 
national and global medical systems in this way. The Cult and Big 
Pharma agendas are the same because the former controls and owns 
the latter. ‘Health’ administrators, doctors, and nursing staff are told 
to support and parrot the dictated policy or they will face 
consequences which can include being fired. How sad it’s been to see 
medical staff meekly repeating and imposing Cult policy without 
question and most of those who can see through the deceit are only 
willing to speak anonymously off the record. They know what will 
happen if their identity is known. This has left the courageous few to 
expose the lies about the ‘virus’, face masks, overwhelmed hospitals 
that aren’t, and the dangers of the ‘vaccine’ that isn’t a vaccine. When 
these medical professionals and scientists, some renowned in their 
field, have taken to the Internet to expose the truth their articles, 
comments and videos have been deleted by Cult-owned Facebook, 
Twitter and YouTube. What a real head-shaker to see YouTube 
videos with leading world scientists and highly qualified medical 
specialists with an added link underneath to the notorious Cult 
propaganda website Wikipedia to find the ‘facts’ about the same 
subject. 


HIV — the ‘Covid' trial-run 

I'll give you an example of the consequences for health and truth 
that come from censorship and unquestioning belief in official 
narratives. The story was told by PCR inventor Kary Mullis in his 
book Dancing Naked in the Mind Field. He said that in 1984 he 
accepted as just another scientific fact that Luc Montagnier of 
France’s Pasteur Institute and Robert Gallo of America’s National 
Institutes of Health had independently discovered that a ‘retrovirus’ 
dubbed HIV (human immunodeficiency virus) caused AIDS. They 


were, after all, Mullis writes, specialists in retroviruses. This is how 
the medical and science pyramids work. Something is announced or 
assumed and then becomes an everybody-knows-that purely through 
repetition of the assumption as if it is fact. Complete crap becomes 
accepted truth with no supporting evidence and only repetition of 
the crap. This is how a ‘virus’ that doesn’t exist became the ‘virus’ 
that changed the world. The HIV-AIDS fairy story became a mullti- 
billion pound industry and the media poured out propaganda 
terrifying the world about the deadly HIV ‘virus’ that caused the 
lethal AIDS. By then Mullis was working at a lab in Santa Monica, 
California, to detect retroviruses with his PCR test in blood 
donations received by the Red Cross. In doing so he asked a 
virologist where he could find a reference for HIV being the cause of 
AIDS. “You don’t need a reference,’ the virologist said ... “Everybody 
knows tt.” Mullis said he wanted to quote a reference in the report he 
was doing and he said he felt a little funny about not knowing the 
source of such an important discovery when everyone else seemed 
to. The virologist suggested he cite a report by the Centers for 
Disease Control and Prevention (CDC) on morbidity and mortality. 
Mullis read the report, but it only said that an organism had been 
identified and did not say how. The report did not identify the 
original scientific work. Physicians, however, assumed (key recurring 
theme) that if the CDC was convinced that HIV caused AIDS then 
proof must exist. Mullis continues: 


| did computer searches. Neither Montagnier, Gallo, nor anyone else had published papers 
describing experiments which led to the conclusion that HIV probably caused AIDS. | read 
the papers in Science for which they had become well known as AIDS doctors, but all they 
had said there was that they had found evidence of a past infection by something which was 
probably HIV in some AIDS patients. 


They found antibodies. Antibodies to viruses had always been considered evidence of past 
disease, not present disease. Antibodies signaled that the virus had been defeated. The patient 
had saved himself. There was no indication in these papers that this virus caused a disease. 
They didn’t show that everybody with the antibodies had the disease. In fact they found some 
healthy people with antibodies. 


Mullis asked why their work had been published if Montagnier 
and Gallo hadn't really found this evidence, and why had they been 
fighting so hard to get credit for the discovery? He says he was 
hesitant to write ‘HIV is the probable cause of AIDS’ until he found 
published evidence to support that. ‘Tens of thousands of scientists 
and researchers were spending billions of dollars a year doing 
research based on this idea,’ Mullis writes. “The reason had to be 
there somewhere; otherwise these people would not have allowed 
their research to settle into one narrow channel of investigation.’ He 
said he lectured about PCR at numerous meetings where people 
were always talking about HIV and he asked them how they knew 
that HIV was the cause of AIDS: 


Everyone said something. Everyone had the answer at home, in the office, in some drawer. 
They all knew, and they would send me the papers as soon as they got back. But | never got 
any papers. Nobody ever sent me the news about how AIDS was caused by HIV. 


Eventually Mullis was able to ask Montagnier himself about the 
reference proof when he lectured in San Diego at the grand opening 
of the University of California AIDS Research Center. Mullis says 
this was the last time he would ask his question without showing 
anger. Montagnier said he should reference the CDC report. ‘I read 
it’, Mullis said, and it didn’t answer the question. ‘If Montagnier 
didn’t know the answer who the hell did?’ Then one night Mullis 
was driving when an interview came on National Public Radio with 
Peter Duesberg, a prominent virologist at Berkeley and a California 
Scientist of the Year. Mullis says he finally understood why he could 
not find references that connected HIV to AIDS — there weren't any! 
No one had ever proved that HIV causes AIDS even though it had 
spawned a multi-billion pound global industry and the media was 
repeating this as fact every day in their articles and broadcasts 
terrifying the shit out of people about AIDS and giving the 
impression that a positive test for HIV (see ‘Covid’) was a death 
sentence. Duesberg was a threat to the AIDS gravy train and the 
agenda that underpinned it. He was therefore abused and castigated 
after he told the Proceedings of the National Academy of Sciences 


there was no good evidence implicating the new ‘virus’. Editors 
rejected his manuscripts and his research funds were deleted. Mullis 
points out that the CDC has defined AIDS as one of more than 30 
diseases if accompanied by a positive result on a test that detects 
antibodies to HIV; but those same diseases are not defined as AIDS 
cases when antibodies are not detected: 


If an HIV-positive woman develops uterine cancer, for example, she is considered to have 
AIDS. If she is not HIV positive, she simply has uterine cancer. An HIV-positive man with 
tuberculosis has AIDS; if he tests negative he simply has tuberculosis. If he lives in Kenya or 
Colombia, where the test for HIV antibodies is too expensive, he is simply presumed to have 
the antibodies and therefore AIDS, and therefore he can be treated in the World Health 
Organization’s clinic. It’s the only medical help available in some places. And it’s free, 
because the countries that support WHO are worried about AIDS. 


Mullis accuses the CDC of continually adding new diseases (see ever 
more ‘Covid symptoms’) to the grand AIDS definition and of 
virtually doctoring the books to make it appear as if the disease 
continued to spread. He cites how in 1993 the CDC enormously 
broadened its AIDS definition and county health authorities were 
delighted because they received $2,500 per year from the Federal 
government for every reported AIDS case. Ladies and gentlemen, I 
have just described, via Kary Mullis, the ‘Covid pandemic’ of 2020 
and beyond. Every element is the same and it’s been pulled off in the 
same way by the same networks. 


The ‘Covid virus’ exists? Okay — prove it. Er... still waiting 

What Kary Mullis described with regard to ‘HIV’ has been repeated 
with ‘Covid’. A claim is made that a new, or ‘novel’, infection has 
been found and the entire medical system of the world repeats that 
as fact exactly as they did with HIV and AIDS. No one in the 
mainstream asks rather relevant questions such as ‘How do you 
know?’ and ‘Where is your proof?’ The SARS-Cov-2 ‘virus’ and the 
‘Covid-19 disease’ became an overnight ‘everybody-knows-that’. 
The origin could be debated and mulled over, but what you could 
not suggest was that ‘SARS-Cov-2’ didn’t exist. That would be 


ridiculous. ‘Everybody knows’ the ‘virus’ exists. Well, I didn’t for 
one along with American proper doctors like Andrew Kaufman and 
Tom Cowan and long-time American proper journalist Jon 
Rappaport. We dared to pursue the obvious and simple question: 
‘Where’s the evidence?’ The overwhelming majority in medicine, 
journalism and the general public did not think to ask that. After all, 
everyone knew there was a new ‘virus’. Everyone was saying so and I 
heard it on the BBC. Some would eventually argue that the ‘deadly 
virus’ was nothing like as deadly as claimed, but few would venture 
into the realms of its very existence. Had they done so they would 
have found that the evidence for that claim had gone AWOL as with 
HIV causes AIDS. In fact, not even that. For something to go AWOL 
it has to exist in the first place and scientific proof for a ‘SARS-Cov-2’ 
can be filed under nothing, nowhere and zilch. 

Dr Andrew Kaufman is a board-certified forensic psychiatrist in 
New York State, a Doctor of Medicine and former Assistant 
Professor and Medical Director of Psychiatry at SUNY Upstate 
Medical University, and Medical Instructor of Hematology and 
Oncology at the Medical School of South Carolina. He also studied 
biology at the Massachusetts Institute of Technology (MIT) and 
trained in Psychiatry at Duke University. Kaufman is retired from 
allopathic medicine, but remains a consultant and educator on 
natural healing, I saw a video of his very early on in the ‘Covid’ hoax 
in which he questioned claims about the ‘virus’ in the absence of any 
supporting evidence and with plenty pointing the other way. I did 
everything I could to circulate his work which I felt was asking the 
pivotal questions that needed an answer. I can recommend an 
excellent pull-together interview he did with the website The Last 
Vagabond entitled Dr Andrew Kaufman: Virus Isolation, Terrain Theory 
and Covid-19 and his website is andrewkaufmanmd.com. Kaufman is 
not only a forensic psychiatrist; he is forensic in all that he does. He 
always reads original scientific papers, experiments and studies 
instead of second-third-fourth-hand reports about the ‘virus’ in the 
media which are repeating the repeated repetition of the narrative. 
When he did so with the original Chinese ‘virus’ papers Kaufman 


realised that there was no evidence of a ‘SARS-Cov-2’. They had 
never — from the start — shown it to exist and every repeat of this 
claim worldwide was based on the accepted existence of proof that 
was nowhere to be found — see Kary Mullis and HIV. Here we go 
again. 


Let's postulate 

Kaufman discovered that the Chinese authorities immediately 
concluded that the cause of an illness that broke out among about 
200 initial patients in Wuhan was a ‘new virus’ when there were no 
grounds to make that conclusion. The alleged ‘virus’ was not 
isolated from other genetic material in their samples and then shown 
through a system known as Koch’s postulates to be the causative 
agent of the illness. The world was told that the SARS-Cov-2 ‘virus’ 
caused a disease they called ‘Covid-19’ which had ‘flu-like’ 
symptoms and could lead to respiratory problems and pneumonia. 
If it wasn’t so tragic it would almost be funny. “Flu-like’ symptoms’? 
Pneumonia? Respiratory disease? What in CHINA and particularly in 
Wuhan, one of the most polluted cities in the world with a resulting 
epidemic of respiratory disease?? Three hundred thousand people 
get pneumonia in China every year and there are nearly a billion 
cases worldwide of ‘flu-like symptoms’. These have a whole range of 
causes — including pollution in Wuhan — but no other possibility was 
credibly considered in late 2019 when the world was told there was a 
new and deadly ‘virus’. The global prevalence of pneumonia and 
‘flu-like systems’ gave the Cult networks unlimited potential to re- 
diagnose these other causes as the mythical ‘Covid-19’ and that is 
what they did from the very start. Kaufman revealed how Chinese 
medical and science authorities (all subordinates to the Cult-owned 
communist government) took genetic material from the lungs of 
only a few of the first patients. The material contained their own 
cells, bacteria, fungi and other microorganisms living in their bodies. 
The only way you could prove the existence of the ‘virus’ and its 
responsibility for the alleged ‘Covid-19% was to isolate the virus from 
all the other material — a process also known as ‘purification’ — and 


then follow the postulates sequence developed in the late 19th 
century by German physician and bacteriologist Robert Koch which 
became the ‘gold standard’ for connecting an alleged causation 
agent to a disease: 


1. The microorganism (bacteria, fungus, virus, etc.) must be present in every case of the 
disease and all patients must have the same symptoms. It must also not be present in healthy 
individuals. 


2. The microorganism must be isolated from the host with the disease. If the microorganism 
is a bacteria or fungus it must be grown in a pure culture. If it is a virus, it must be purified 
(i.e. containing no other material except the virus particles) from a clinical sample. 


3. The specific disease, with all of its characteristics, must be reproduced when the 
infectious agent (the purified virus or a pure culture of bacteria or fungi) is inoculated into a 
healthy, susceptible host. 


4. The microorganism must be recoverable from the experimentally infected host as in step 
2; 


Not one of these criteria has been met in the case of ‘SARS-Cov-2’ and 
‘Covid-19’. Not ONE. EVER. Robert Koch refers to bacteria and not 
viruses. What are called ‘viral particles’ are so minute (hence masks 
are useless by any definition) that they could only be seen after the 
invention of the electron microscope in the 1930s and can still only 
be observed through that means. American bacteriologist and 
virologist Thomas Milton Rivers, the so-called ‘Father of Modern 
Virology’ who was very significantly director of the Rockefeller 
Institute for Medical Research in the 1930s, developed a less 
stringent version of Koch’s postulates to identify ‘virus’ causation 
known as ‘Rivers criteria’. ‘Covid’ did not pass that process either. 
Some even doubt whether any ‘virus’ can be isolated from other 
particles containing genetic material in the Koch method. Freedom 
of Information requests in many countries asking for scientific proof 
that the ‘Covid virus’ has been purified and isolated and shown to 
exist have all come back with a ‘we don’t have that’ and when this 
happened with a request to the UK Department of Health they 
added this comment: 


However, outside of the scope of the [Freedom of Information Act] and on a discretionary 
basis, the following information has been advised to us, which may be of interest. Most 
infectious diseases are caused by viruses, bacteria or fungi. Some bacteria or fungi have the 
capacity to grow on their own in isolation, for example in colonies on a petri dish. Viruses are 
different in that they are what we call ‘obligate pathogens’ — that is, they cannot survive or 
reproduce without infecting a host ... 


... For some diseases, it is possible to establish causation between a microorganism and a 
disease by isolating the pathogen from a patient, growing it in pure culture and reintroducing 
it to a healthy organism. These are known as ‘Koch’s postulates’ and were developed in 1882. 
However, as our understanding of disease and different disease-causing agents has advanced, 
these are no longer the method for determining causation [Andrew Kaufman asks why in that 
case are there two published articles falsely claiming to satisfy Koch’s postulates]. 


It has long been known that viral diseases cannot be identified in this way as viruses cannot 
be grown in ‘pure culture’. When a patient is tested for a viral illness, this is normally done by 
looking for the presence of antigens, or viral genetic code in a host with molecular biology 
techniques [Kaufman asks how you could know the origin of these chemicals without having 
a pure culture for comparison]. 


For the record ‘antigens’ are defined so: 


Invading microorganisms have antigens on their surface that the human body can recognise as 
being foreign — meaning not belonging to it. When the body recognises a foreign antigen, 
lymphocytes (white blood cells) produce antibodies, which are complementary in shape to 
the antigen. 


Notwithstanding that this is open to question in relation to ‘SARS- 
Cov-2’ the presence of ‘antibodies’ can have many causes and they 
are found in people that are perfectly well. Kary Mullis said: 
‘Antibodies ... had always been considered evidence of past disease, 
not present disease.’ 


‘Covid really is a computer ‘virus’ 


Where the UK Department of Health statement says ‘viruses’ are 
now ‘diagnosed’ through a ‘viral genetic code in a host with 
molecular biology techniques’, they mean ... the PCR test which its 
inventor said cannot test for infectious disease. They have no 
credible method of connecting a ‘virus’ to a disease and we will see 
that there is no scientific proof that any ‘virus’ causes any disease or 
there is any such thing as a ‘virus’ in the way that it is described. 
Tenacious Canadian researcher Christine Massey and her team made 


some 40 Freedom of Information requests to national public health 
agencies in different countries asking for proof that SARS-CoV-2 has 
been isolated and not one of them could supply that information. 
Massey said of her request in Canada: ‘Freedom of Information 
reveals Public Health Agency of Canada has no record of ‘SARS- 
COV-2’ isolation performed by anyone, anywhere, ever.’ If you 
accept the comment from the UK Department of Health it’s because 
they can’t isolate a ‘virus’. Even so many ‘science’ papers claimed to 
have isolated the ‘Covid virus’ until they were questioned and had 
to admit they hadn’t. A reply from the Robert Koch Institute in 
Germany was typical: ‘I am not aware of a paper which purified 
isolated SARS-CoV-2.’ So what the hell was Christian Drosten and 
his gang using to design the ‘Covid’ testing protocol that has 
produced all the illusory Covid’ cases and ‘Covid’ deaths when the 
head of the Chinese version of the CDC admitted there was a 
problem right from the start in that the ‘virus’ had never been 
isolated/purified? Breathe deeply: What they are calling ‘Covid’ is 
actually created by a computer program i.e. they made it up — er, that’s 
it. They took lung fluid, with many sources of genetic material, from 
one single person alleged to be infected with Covid-19 by a PCR test 
which they claimed, without clear evidence, contained a ‘virus’. They 
used several computer programs to create a model of a theoretical 
virus genome sequence from more than fifty-six million small 
sequences of RNA, each of an unknown source, assembling them 
like a puzzle with no known solution. The computer filled in the 
gaps with sequences from bits in the gene bank to make it look like a 
bat SARS-like coronavirus! A wave of the magic wand and poof, an 
in silico (computer-generated) genome, a scientific fantasy, was 
created. UK health researcher Dr Kevin Corbett made the same point 
with this analogy: 


... It’s like giving you a few bones and saying that’s your fish. It could be any fish. Not even a 
skeleton. Here’s a few fragments of bones. That’s your fish ... It’s all from gene bank and the 
bits of the virus sequence that weren’t there they made up. 


They synthetically created them to fill in the blanks. That’s what genetics is; it’s a code. So it’s 
ABBBCCDDD and you're missing some what you think is EEE so you put it in. It’s all 


synthetic. You just manufacture the bits that are missing. This is the end result of the 
geneticization of virology. This is basically a computer virus. 


Further confirmation came in an email exchange between British 
citizen journalist Frances Leader and the government’s Medicines & 
Healthcare Products Regulatory Agency (the Gates-funded MHRA) 
which gave emergency permission for untested ‘Covid vaccines’ to 
be used. The agency admitted that the ‘vaccine’ is not based on an 
isolated ‘virus’, but comes from a computer-generated model. Frances 
Leader was naturally banned from Cult-owned fascist Twitter for 
making this exchange public. The process of creating computer- 
generated alleged ‘viruses’ is called ‘in silico’ or ‘in silicon’ — 
computer chips — and the term ‘in silico’ is believed to originate with 
biological experiments using only a computer in 1989. ‘Vaccines’ 
involved with ‘Covid’ are also produced ‘in silico’ or by computer 
not a natural process. If the original ‘virus’ is nothing more than a 
made-up computer model how can there be ‘new variants’ of 
something that never existed in the first place? They are not new 
‘variants’; they are new computer models only minutely different to 
the original program and designed to further terrify the population 
into having the ‘vaccine’ and submitting to fascism. You want a “new 
variant’? Click, click, enter — there you go. Tell the medical 
profession that you have discovered a ‘South African variant’, ‘UK 
variants’ or a ‘Brazilian variant’ and in the usual HIV-causes-AIDS 
manner they will unquestioningly repeat it with no evidence 
whatsoever to support these claims. They will go on television and 
warn about the dangers of ‘new variants’ while doing nothing more 
than repeating what they have been told to be true and knowing that 
any deviation from that would be career suicide. Big-time insiders 
will know it’s a hoax, but much of the medical community is clueless 
about the way they are being played and themselves play the public 
without even being aware they are doing so. What an interesting 
‘coincidence’ that AstraZeneca and Oxford University were 
conducting ‘Covid vaccine trials’ in the three countries — the UK, 
South Africa and Brazil — where the first three ‘variants’ were 
claimed to have ‘broken out’. 


Here's your ‘virus — it's a unicorn 

Dr Andrew Kaufman presented a brilliant analysis describing how 
the ‘virus’ was imagined into fake existence when he dissected an 
article published by Nature and written by 19 authors detailing 
alleged ‘sequencing of a complete viral genome’ of the ‘new SARS- 
CoV-2 virus’. This computer-modelled in silico genome was used as a 
template for all subsequent genome sequencing experiments that 
resulted in the so-called variants which he said now number more 
than 6,000. The fake genome was constructed from more than 56 
million individual short strands of RNA. Those little pieces were 
assembled into longer pieces by finding areas of overlapping 
sequences. The computer programs created over two million 
possible combinations from which the authors simply chose the 
longest one. They then compared this to a ‘bat virus’ and the 
computer ‘alignment’ rearranged the sequence and filled in the gaps! 
They called this computer-generated abomination the ‘complete 
genome’. Dr Tom Cowan, a fellow medical author and collaborator 
with Kaufman, said such computer-generation constitutes scientific 
fraud and he makes this superb analogy: 


Here is an equivalency: A group of researchers claim to have found a unicorn because they 
found a piece of a hoof, a hair from a tail, and a snippet of a horn. They then add that 
information into a computer and program it to re-create the unicorn, and they then claim this 
computer re-creation is the real unicorn. Of course, they had never actually seen a unicorn so 
could not possibly have examined its genetic makeup to compare their samples with the 
actual unicorn’s hair, hooves and horn. 


The researchers claim they decided which is the real genome of SARS-CoV-2 by ‘consensus’, 
sort of like a vote. Again, different computer programs will come up with different versions of 
the imaginary ‘unicorn’, so they come together as a group and decide which is the real 
imaginary unicorn. 


This is how the ‘virus’ that has transformed the world was brought 
into fraudulent ‘existence’. Extraordinary, yes, but as the Nazis said 
the bigger the lie the more will believe it. Cowan, however, wasn’t 
finished and he went on to identify what he called the real 
blockbuster in the paper. He quotes this section from a paper written 


by virologists and published by the CDC and then explains what it 
means: 


Therefore, we examined the capacity of SARS-CoV-2 to infect and replicate in several 
common primate and human cell lines, including human adenocarcinoma cells (A549), 
human liver cells (HUH 7.0), and human embryonic kidney cells (HEK-293T). In addition to 
Vero E6 and Vero CCL81 cells. ... Each cell line was inoculated at high multiplicity of 
infection and examined 24h post-infection. 


No CPE was observed in any of the cell lines except in Vero cells, which grew to greater than 
10 to the 7th power at 24 h post-infection. In contrast, HUH 7.0 and 293T showed only 
modest viral replication, and A549 cells were incompatible with SARS CoV-2 infection. 


Cowan explains that when virologists attempt to prove infection 
they have three possible ‘hosts’ or models on which they can test. 
The first was humans. Exposure to humans was generally not done 
for ethical reasons and has never been done with SARS-CoV-2 or any 
coronavirus. The second possible host was animals. Cowan said that 
forgetting for a moment that they never actually use purified virus 
when exposing animals they do use solutions that they claim contain 
the virus. Exposure to animals has been done with SARS-CoV-2 in 
an experiment involving mice and this is what they found: None of 
the wild (normal) mice got sick. In a group of genetically-modified 
mice, a statistically insignificant number lost weight and had slightly 
bristled fur, but they experienced nothing like the illness called 
‘Covid-19’. Cowan said the third method — the one they mostly rely 
on — is to inoculate solutions they say contain the virus onto a variety 
of tissue cultures. This process had never been shown to kill tissue 
unless the sample material was starved of nutrients and poisoned as 
part of the process. Yes, incredibly, in tissue experiments designed to 
show the ‘virus’ is responsible for killing the tissue they starve the 
tissue of nutrients and add toxic drugs including antibiotics and they 
do not have control studies to see if it’s the starvation and poisoning 
that is degrading the tissue rather than the ‘virus’ they allege to be in 
there somewhere. You want me to pinch you? Yep, I understand. 
Tom Cowan said this about the whole nonsensical farce as he 
explains what that quote from the CDC paper really means: 


The shocking thing about the above quote is that using their own methods, the virologists 
found that solutions containing SARS-CoV-2 — even in high amounts — were NOT, | repeat 
NOT, infective to any of the three human tissue cultures they tested. In plain English, this 
means they proved, on their terms, that this ‘new coronavirus’ is not infectious to human 
beings. It is ONLY infective to monkey kidney cells, and only then when you add two potent 
drugs (gentamicin and amphotericin), known to be toxic to kidneys, to the mix. 


My friends, read this again and again. These virologists, published by the CDC, performed a 
clear proof, on their terms, showing that the SARS-CoV-2 virus is harmless to human beings. 
That is the only possible conclusion, but, unfortunately, this result is not even mentioned in 
their conclusion. They simply say they can provide virus stocks cultured only on monkey Vero 
cells, thanks for coming. 


Cowan concluded: ‘If people really understood how this “science” 
was done, I would hope they would storm the gates and demand 
honesty, transparency and truth.’ Dr Michael Yeadon, former Vice 
President and Chief Scientific Adviser at drug giant Pfizer has been a 
vocal critic of the ‘Covid vaccine’ and its potential for multiple harm. 
He said in an interview in April, 2021, that ‘not one [vaccine] has the 
virus. He was asked why vaccines normally using a ‘dead’ version of 
a disease to activate the immune system were not used for ‘Covid’ 
and instead we had the synthetic methods of the ‘mRNA Covid 
vaccine’. Yeadon said that to do the former ‘you’d have to have some 
of [the virus] wouldn’t you?’ He added: “No-one’s got any — 
seriously.’ Yeadon said that surely they couldn’t have fooled the 
whole world for a year without having a virus, ‘but oddly enough 
ask around — no one’s got it’. He didn’t know why with all the ‘great 
labs’ around the world that the virus had not been isolated — ‘Maybe 
they’ve been too busy running bad PCR tests and vaccines that 
people don’t need.’ What is today called ‘science’ is not ‘science’ at 
all. Science is no longer what is, but whatever people can be 
manipulated to believe that it is. Real science has been hijacked by the 
Cult to dispense and produce the ‘expert scientists’ and contentions 
that suit the agenda of the Cult. How big-time this has happened 
with the ‘Covid’ hoax which is entirely based on fake science 
delivered by fake ‘scientists’ and fake ‘doctors’. The human-caused 
climate change hoax is also entirely based on fake science delivered 
by fake ‘scientists’ and fake ‘climate experts’. In both cases real 


scientists, climate experts and doctors have their views suppressed 
and deleted by the Cult-owned science establishment, media and 
Silicon Valley. This is the ‘science’ that politicians claim to be 
‘following’ and a common denominator of ‘Covid’ and climate are 
Cult psychopaths Bill Gates and his mate Klaus Schwab at the Gates- 
funded World Economic Forum. But, don’t worry, it’s all just a 
coincidence and absolutely nothing to worry about. 2zzzzzzz. 


What is a ‘virus’ REALLY? 


Dr Tom Cowan is one of many contesting the very existence of 
viruses let alone that they cause disease. This is understandable 
when there is no scientific evidence for a disease-causing ‘virus’. 
German virologist Dr Stefan Lanka won a landmark case in 2017 in 
the German Supreme Court over his contention that there is no such 
thing as a measles virus. He had offered a big prize for anyone who 
could prove there is and Lanka won his case when someone sought 
to claim the money. There is currently a prize of more than 225,000 
euros on offer from an Isolate Truth Fund for anyone who can prove 
the isolation of SARS-CoV-2 and its genetic substance. Lanka wrote 
in an article headed ‘The Misconception Called Virus’ that scientists 
think a ‘virus’ is causing tissue to become diseased and degraded 
when in fact it is the processes they are using which do that — not a 
‘virus’. Lanka has done an important job in making this point clear 
as Cowan did in his analysis of the CDC paper. Lanka says that all 
claims about viruses as disease-causing pathogens are wrong and 
based on ‘easily recognisable, understandable and verifiable 
misinterpretations.’ Scientists believed they were working with 
‘viruses’ in their laboratories when they were really working with 
‘typical particles of specific dying tissues or cells ...” Lanka said that 
the tissue decaying process claimed to be caused by a ‘virus’ still 
happens when no alleged ‘virus’ is involved. It’s the process that does 
the damage and not a ‘virus’. The genetic sample is deprived of 
nutrients, removed from its energy supply through removal from 
the body and then doused in toxic antibiotics to remove any bacteria. 
He confirms again that establishment scientists do not (pinch me) 


conduct control experiments to see if this is the case and if they did 
they would see the claims that ‘viruses’ are doing the damage is 
nonsense. He adds that during the measles ‘virus’ court case he 
commissioned an independent laboratory to perform just such a 
control experiment and the result was that the tissues and cells died 
in the exact same way as with alleged ‘infected’ material. This is 
supported by a gathering number of scientists, doctors and 
researchers who reject what is called ‘germ theory’ or the belief in 
the body being infected by contagious sources emitted by other 
people. Researchers Dawn Lester and David Parker take the same 
stance in their highly-detailed and sourced book What Really Makes 
You Ill — Why everything you thought you knew about disease is wrong 
which was recommended to me by a number of medical 
professionals genuinely seeking the truth. Lester and Parker say 
there is no provable scientific evidence to show that a ‘virus’ can be 
transmitted between people or people and animals or animals and 
people: 


The definition also claims that viruses are the cause of many diseases, as if this has been 
definitively proven. But this is not the case; there is no original scientific evidence that 
definitively demonstrates that any virus is the cause of any disease. The burden of proof for 
any theory lies with those who proposed it; but none of the existing documents provides 
‘proof’ that supports the claim that ‘viruses’ are pathogens. 


Dr Tom Cowan employs one of his clever analogies to describe the 
process by which a ‘virus’ is named as the culprit for a disease when 
what is called a ‘virus’ is only material released by cells detoxing 
themselves from infiltration by chemical or radiation poisoning. The 
tidal wave of technologically-generated radiation in the ‘smart’ 
modern world plus all the toxic food and drink are causing this to 
happen more than ever. Deluded ‘scientists’ misread this as a 
gathering impact of what they wrongly label ‘viruses’. 


Paper can infect houses 


Cowan said in an article for davidicke.com — with his tongue only 
mildly in his cheek — that he believed he had made a tremendous 


discovery that may revolutionise science. He had discovered that 
small bits of paper are alive, ‘well alive-ish’, can ‘infect’ houses, and 
then reproduce themselves inside the house. The result was that this 
explosion of growth in the paper inside the house causes the house 
to explode, blowing it to smithereens. His evidence for this new 
theory is that in the past months he had carefully examined many of 
the houses in his neighbourhood and found almost no scraps of 
paper on the lawns and surrounds of the house. There was an 
occasional stray label, but nothing more. Then he would return to 
these same houses a week or so later and with a few, not all of them, 
particularly the old and decrepit ones, he found to his shock and 
surprise they were littered with stray bits of paper. He knew then 
that the paper had infected these houses, made copies of itself, and 
blew up the house. A young boy on a bicycle at one of the sites told 
him he had seen a demolition crew using dynamite to explode the 
house the previous week, but Cowan dismissed this as the idle 
thoughts of silly boys because ‘I was on to something big’. He was 
on to how ‘scientists’ mistake genetic material in the detoxifying 
process for something they call a ‘virus’. Cowan said of his house 
and paper story: 


If this sounds crazy to you, it’s because it should. This scenario is obviously nuts. But consider 
this admittedly embellished, for effect, current viral theory that all scientists, medical doctors 
and virologists currently believe. 


He takes the example of the ‘novel SARS-Cov2’ virus to prove the 
point. First they take someone with an undefined illness called 
‘Covid-19’ and don’t even attempt to find any virus in their sputum. 
Never mind the scientists still describe how this ‘virus’, which they 
have not located attaches to a cell receptor, injects its genetic 
material, in ‘Covid’s’ case, RNA, into the cell. The RNA once inserted 
exploits the cell to reproduce itself and makes ‘thousands, nay 
millions, of copies of itself ... Then it emerges victorious to claim its 
next victim’: 


If you were to look in the scientific literature for proof, actual scientific proof, that uniform 
SARS-CoV2 viruses have been properly isolated from the sputum of a sick person, that actual 
spike proteins could be seen protruding from the virus (which has not been found), you would 
find that such evidence doesn’t exist. 


If you go looking in the published scientific literature for actual pictures, proof, that these 
spike proteins or any viral proteins are ever attached to any receptor embedded in any cell 
membrane, you would also find that no such evidence exists. If you were to look for a video 
or documented evidence of the intact virus injecting its genetic material into the body of the 
cell, reproducing itself and then emerging victorious by budding off the cell membrane, you 
would find that no such evidence exists. 


The closest thing you would find is electron micrograph pictures of cellular particles, possibly 
attached to cell debris, both of which to be seen were stained by heavy metals, a process that 
completely distorts their architecture within the living organism. This is like finding bits of 
paper stuck to the blown-up bricks, thereby proving the paper emerged by taking pieces of the 
bricks on its way out. 


The Enders baloney 


Cowan describes the ‘Covid’ story as being just as make-believe as 
his paper story and he charts back this fantasy to a Nobel Prize 
winner called John Enders (1897-1985), an American biomedical 
scientist who has been dubbed ‘The Father of Modern Vaccines’. 
Enders is claimed to have ‘discovered’ the process of the viral 
culture which ‘proved’ that a ‘virus’ caused measles. Cowan 
explains how Enders did this ‘by using the EXACT same procedure 
that has been followed by every virologist to find and characterize 
every new virus since 1954’. Enders took throat swabs from children 
with measles and immersed them in 2ml of milk. Penicillin (100u/ml) 
and the antibiotic streptomycin (50,g/ml) were added and the whole 
mix was centrifuged — rotated at high speed to separate large cellular 
debris from small particles and molecules as with milk and cream, 
for example. Cowan says that if the aim is to find little particles of 
genetic material (‘viruses’) in the snot from children with measles it 
would seem that the last thing you would do is mix the snot with 
other material — milk -that also has genetic material. ‘How are you 
ever going to know whether whatever you found came from the snot 
or the milk?’ He points out that streptomycin is a ‘nephrotoxic’ or 
poisonous-to-the-kidney drug. You will see the relevance of that 


shortly. Cowan says that it gets worse, much worse, when Enders 
describes the culture medium upon which the virus ‘grows’: ‘The 
culture medium consisted of bovine amniotic fluid (90%), beef 
embryo extract (5%), horse serum (5%), antibiotics and phenol red as 
an indicator of cell metabolism.’ Cowan asks incredulously: ‘Did he 
just say that the culture medium also contained fluids and tissues 
that are themselves rich sources of genetic material?’ The genetic 
cocktail, or ‘medium’, is inoculated onto tissue and cells from rhesus 
monkey kidney tissue. This is where the importance of streptomycin 
comes in and currently-used antimicrobials and other drugs that are 
poisonous to kidneys and used in ALL modern viral cultures (e.g. 
gentamicin, streptomycin, and amphotericin). Cowan asks: ‘How are 
you ever going to know from this witch’s brew where any genetic 
material comes from as we now have five different sources of rich 
genetic material in our mix?’ Remember, he says, that all genetic 
material, whether from monkey kidney tissues, bovine serum, milk, 
etc., is made from the exact same components. The same central 
question returns: ‘How are you possibly going to know that it was 
the virus that killed the kidney tissue and not the toxic antibiotic and 
starvation rations on which you are growing the tissue?’ John Enders 
answered the question himself — you can't: 


A second agent was obtained from an uninoculated culture of monkey kidney cells. The 
cytopathic changes [death of the cells] it induced in the unstained preparations could not be 
distinguished with confidence from the viruses isolated from measles. 


The death of the cells (‘cytopathic changes’) happened in exactly 
the same manner, whether they inoculated the kidney tissue with the 
measles snot or not, Cowan says. ‘This is evidence that the 
destruction of the tissue, the very proof of viral causation of illness, 
was not caused by anything in the snot because they saw the same 
destructive effect when the snot was not even used ... the cytopathic, 
ie., cell-killing, changes come from the process of the culture itself, 
not from any virus in any snot, period.’ Enders quotes in his 1957 
paper a virologist called Ruckle as reporting similar findings ‘and in 
addition has isolated an agent from monkey kidney tissue that is so 


far indistinguishable from human measles virus’. In other words, 
Cowan says, these particles called ‘measles viruses’ are simply and 
clearly breakdown products of the starved and poisoned tissue. For 
measles ‘virus’ see all ‘viruses’ including the so-called ‘Covid virus’. 
Enders, the ‘Father of Modern Vaccines’, also said: 


There is a potential risk in employing cultures of primate cells for the production of vaccines 
composed of attenuated virus, since the presence of other agents possibly latent in primate 
tissues cannot be definitely excluded by any known method. 


Cowan further quotes from a paper published in the journal 
Viruses in May, 2020, while the ‘Covid pandemic’ was well 
underway in the media if not in reality. ‘EVs’ here refers to particles 
of genetic debris from our own tissues, such as exosomes of which 
more in a moment: ‘The remarkable resemblance between EVs and 
viruses has caused quite a few problems in the studies focused on 
the analysis of EVs released during viral infections.’ Later the paper 
adds that to date a reliable method that can actually guarantee a 
complete separation (of EVs from viruses) DOES NOT EXIST. This 
was published at a time when a fairy tale ‘virus’ was claimed in total 
certainty to be causing a fairy tale ‘viral disease’ called ‘Covid-19’ —a 
fairy tale that was already well on the way to transforming human 
society in the image that the Cult has worked to achieve for so long. 
Cowan concludes his article: 


To summarize, there is no scientific evidence that pathogenic viruses exist. What we think of 
as ‘viruses’ are simply the normal breakdown products of dead and dying tissues and cells. 
When we are well, we make fewer of these particles; when we are starved, poisoned, 
suffocated by wearing masks, or afraid, we make more. 


There is no engineered virus circulating and making people sick. People in laboratories all 
over the world are making genetically modified products to make people sick. These are 
called vaccines. There is no virome, no ‘ecosystem’ of viruses, viruses are not 8%, 50% or 
100 % of our genetic material. These are all simply erroneous ideas based on the 
misconception called a virus. 


Whatis ‘Covid’? Load of bollocks 


The background described here by Cowan and Lanka was 
emphasised in the first video presentation that Isaw by Dr Andrew 
Kaufman when he asked whether the ‘Covid virus’ was in truth a 
natural defence mechanism of the body called ‘exosomes’. These are 
released by cells when in states of toxicity — see the same themes 
returning over and over. They are released ever more profusely as 
chemical and radiation toxicity increases and think of the potential 
effect therefore of 5G alone as its destructive frequencies infest the 
human energetic information field with a gathering pace (5G went 
online in Wuhan in 2019 as the ‘virus’ emerged). I’ll have more about 
this later. Exosomes transmit a warning to the rest of the body that 
‘Houston, we have a problem’. Kaufman presented images of 
exosomes and compared them with ‘Covid’ under an electron 
microscope and the similarity was remarkable. They both attach to 
the same cell receptors (claimed in the case of ‘Covid’), contain the 
same genetic material in the form of RNA or ribonucleic acid, and 
both are found in ‘viral cell cultures’ with damaged or dying cells. 
James Hildreth MD, President and Chief Executive Officer of the 
Meharry Medical College at Johns Hopkins, said: “The virus is fully 
an exosome in every sense of the word.’ Kaufman’s conclusion was 
that there is no ‘virus’: ‘This entire pandemic is a completely 
manufactured crisis ... there is no evidence of anyone dying from 
[this] illness.’ Dr Tom Cowan and Sally Fallon Morell, authors of The 
Contagion Myth, published a statement with Dr Kaufman in 
February, 2021, explaining why the ‘virus’ does not exist and you can 
read it that in full in the Appendix. 


‘Virus’ theory can be traced to the ‘cell theory’ in 1858 of German 
physician Rudolf Virchow (1821-1920) who contended that disease 
originates from a single cell infiltrated by a ‘virus’. Dr Stefan Lanka 
said that findings and insights with respect to the structure, function 
and central importance of tissues in the creation of life, which were 
already known in 1858, comprehensively refute the cell theory. 
Virchow ignored them. We have seen the part later played by John 
Enders in the 1950s and Lanka notes that infection theories were 
only established as a global dogma through the policies and 


eugenics of the Third Reich in Nazi Germany (creation of the same 
Sabbatian cult behind the ‘Covid’ hoax). Lanka said: ‘Before 1933, 
scientists dared to contradict this theory; after 1933, these critical 
scientists were silenced’. Dr Tom Cowan’s view is that ill-heath is 
caused by too much of something, too little of something, or 
toxification from chemicals and radiation — not contagion. We must 
also highlight as a major source of the ‘virus’ theology a man still 
called the ‘Father of Modern Virology’ — Thomas Milton Rivers 
(1888-1962). There is no way given the Cult’s long game policy that it 
was a coincidence for the ‘Father of Modern Virology’ to be director 
of the Rockefeller Institute for Medical Research from 1937 to 1956 
when he is credited with making the Rockefeller Institute a leader in 
‘viral research’. Cult Rockefellers were the force behind the creation 
of Big Pharma ‘medicine’, established the World Health 
Organisation in 1948, and have long and close associations with the 
Gates family that now runs the WHO during the pandemic hoax 
through mega-rich Cult gofer and psychopath Bill Gates. 

Only a Renegade Mind can see through all this bullshit by asking 
the questions that need to be answered, not taking ‘no’ or 
prevarication for an answer, and certainly not hiding from the truth 
in fear of speaking it. Renegade Minds have always changed the 
world for the better and they will change this one no matter how 
bleak it may currently appear to be. 


CHAPTER SIX 
Sequence of deceit 


If you tell the truth, you don’t have to remember anything 
Mark Twain 


gainst the background that I have laid out this far the sequence 

that took us from an invented ‘virus’ in Cult-owned China in 
late 2019 to the fascist transformation of human society can be seen 
and understood in a whole new context. 


We were told that a deadly disease had broken out in Wuhan and 
the world media began its campaign (coordinated by behavioural 
psychologists as we shall see) to terrify the population into 
unquestioning compliance. We were shown images of Chinese 
people collapsing in the street which never happened in the West 
with what was supposed to be the same condition. In the earliest 
days when alleged cases and deaths were few the fear register was 
hysterical in many areas of the media and this would expand into 
the common media narrative across the world. The real story was 
rather different, but we were never told that. The Chinese 
government, one of the Cult’s biggest centres of global operation, 
said they had discovered a new illness with flu-like and pneumonia- 
type symptoms in a city with such toxic air that it is overwhelmed 
with flu-like symptoms, pneumonia and respiratory disease. Chinese 
scientists said it was a new — ‘novel’ — coronavirus which they called 
Sars-Cov-2 and that it caused a disease they labelled ‘Covid-19’. 
There was no evidence for this and the ‘virus’ has never to this day 
been isolated, purified and its genetic code established from that. It 


was from the beginning a computer-generated fiction. Stories of 
Chinese whistleblowers saying the number of deaths was being 
supressed or that the ‘new disease’ was related to the Wuhan bio-lab 
misdirected mainstream and alternative media into cul-de-sacs to 
obscure the real truth — there was no ‘virus’. 


Chinese scientists took genetic material from the lung fluid of just 
a few people and said they had found a ‘new’ disease when this 
material had a wide range of content. There was no evidence for a 
‘virus’ for the very reasons explained in the last two chapters. The 
‘virus’ has never been shown to (a) exist and (b) cause any disease. 
People were diagnosed on symptoms that are so widespread in 
Wuhan and polluted China and with a PCR test that can’t detect 
infectious disease. On this farce the whole global scam was sold to 
the rest of the world which would also diagnose respiratory disease 
as ‘Covid-19’ from symptoms alone or with a PCR test not testing for 
a ‘virus’. Flu miraculously disappeared worldwide in 2020 and into 
2021 as it was redesignated ‘Covid-19’. It was really the same old flu 
with its ‘flu-like’ symptoms attributed to ‘flu-like’ ‘Covid-19’. At the 
same time with very few exceptions the Chinese response of 
draconian lockdown and fascism was the chosen weapon to respond 
across the West as recommended by the Cult-owned Tedros at the 
Cult-owned World Health Organization run by the Cult-owned 
Gates. All was going according to plan. Chinese scientists — 
everything in China is controlled by the Cult-owned government — 
compared their contaminated RNA lung-fluid material with other 
RNA sequences and said it appeared to be just under 80 percent 
identical to the SARS-CoV-1 ‘virus’ claimed to be the cause of the 
SARS (severe acute respiratory syndrome) ‘outbreak’ in 2003. They 
decreed that because of this the ‘new virus’ had to be related and 
they called it SARS-CoV-2. There are some serious problems with 
this assumption and assumption was all it was. Most ‘factual’ science 
turns out to be assumptions repeated into everyone-knows-that. A 
match of under 80-percent is meaningless. Dr Kaufman makes the 
point that there’s a 96 percent genetic correlation between humans 
and chimpanzees, but ‘no one would say our genetic material is part 


of the chimpanzee family’. Yet the Chinese authorities were claiming 
that a much lower percentage, less than 80 percent, proved the 
existence of a new ‘coronavirus’. For goodness sake human DNA is 
60 percent similar to a banana. 


You are feeling sleepy 

The entire ‘Covid’ hoax is a global Psyop, a psychological operation 
to program the human mind into believing and fearing a complete 
fantasy. A crucial aspect of this was what appeared to happen in Italy. 
It was all very well streaming out daily images of an alleged 
catastrophe in Wuhan, but to the Western mind it was still on the 
other side of the world in a very different culture and setting. A 
reaction of ‘this could happen to me and my family’ was still nothing 
like as intense enough for the mind-doctors. The Cult needed a 
Western example to push people over that edge and it chose Italy, 
one of its major global locations going back to the Roman Empire. 
An Italian ‘Covid’ crisis was manufactured in a particular area called 
Lombardy which just happens to be notorious for its toxic air and 
therefore respiratory disease. Wuhan, China, déja vu. An hysterical 
media told horror stories of Italians dying from ‘Covid’ in their 
droves and how Lombardy hospitals were being overrun by a tidal 
wave of desperately ill people needing treatment after being struck 
down by the ‘deadly virus’. Here was the psychological turning 
point the Cult had planned. Wow, if this is happening in Italy, the 
Western mind concluded, this indeed could happen to me and my 
family. Another point is that Italian authorities responded by 
following the Chinese blueprint so vehemently recommended by the 
Cult-owned World Health Organization. They imposed fascistic 
lockdowns on the whole country viciously policed with the help of 
surveillance drones sweeping through the streets seeking out anyone 
who escaped from mass house arrest. Livelihoods were destroyed 
and psychology unravelled in the way we have witnessed since in all 
lockdown countries. Crucial to the plan was that Italy responded in 
this way to set the precedent of suspending freedom and imposing 
fascism in a “Western liberal democracy’. I emphasised in an 


animated video explanation on davidicke.com posted in the summer 
of 2020 how important it was to the Cult to expand the Chinese 
lockdown model across the West. Without this, and the bare-faced lie 
that non-symptomatic people could still transmit a ‘disease’ they 
didn’t have, there was no way locking down the whole population, 
sick and not sick, could be pulled off. At just the right time and with 
no evidence Cult operatives and gofers claimed that people without 
symptoms could pass on the ‘disease’. In the name of protecting the 
‘vulnerable’ like elderly people, who lockdowns would kill by the 
tens of thousands, we had for the first time healthy people told to 
isolate as well as the sick. The great majority of people who tested 
positive had no symptoms because there was nothing wrong with 
them. It was just a trick made possible by a test not testing for the 
‘virus’. 

Months after my animated video the Gates-funded Professor Neil 
Ferguson at the Gates-funded Imperial College confirmed that I was 
right. He didn’t say it in those terms, naturally, but he did say it. 
Ferguson will enter the story shortly for his outrageously crazy 
‘computer models’ that led to Britain, the United States and many 
other countries following the Chinese and now Italian methods of 
response. Put another way, following the Cult script. Ferguson said 
that SAGE, the UK government's scientific advisory group which has 
controlled ‘Covid’ policy from the start, wanted to follow the 
Chinese lockdown model (while they all continued to work and be 
paid), but they wondered if they could possibly, in Ferguson’s 
words, ‘get away with it in Europe’. ‘Get away with it’? Who the hell 
do these moronic, arrogant people think they are? This appalling 
man Ferguson said that once Italy went into national lockdown they 
realised they, too, could mimic China: 


It’s a communist one-party state, we said. We couldn’t get away with it in Europe, we thought 
... and then Italy did it. And we realised we could. Behind this garbage from Ferguson is a 
simple fact: Doing the same as China in every country was the plan from the start and 
Ferguson’s ‘models’ would play a central role in achieving that. It’s just a coincidence, of 
course, and absolutely nothing to worry your little head about. 


Oops, sorry, our mistake 

Once the Italian segment of the Psyop had done the job it was 
designed to do a very different story emerged. Italian authorities 
revealed that 99 percent of those who had ‘died from Covid-19’ in 
Italy had one, two, three, or more ‘co-morbidities’ or illnesses and 
health problems that could have ended their life. The US Centers for 
Disease Control and Prevention (CDC) published a figure of 94 
percent for Americans dying of ‘Covid’ while having other serious 
medical conditions — on average two to three (some five or six) other 
potential causes of death. In terms of death from an unproven ‘virus’ 
I say it is 100 percent. The other one percent in Italy and six percent 
in the US would presumably have died from ‘Covid’s’ flu-like 
symptoms with a range of other possible causes in conjunction with 
a test not testing for the ‘virus’. Fox News reported that even more 
startling figures had emerged in one US county in which 410 of 422 
deaths attributed to ‘Covid-19 had other potentially deadly health 
conditions. The Italian National Health Institute said later that the 
average age of people dying with a ‘Covid-19% diagnosis in Italy was 
about 81. Ninety percent were over 70 with ten percent over 90. In 
terms of other reasons to die some 80 percent had two or more 
chronic diseases with half having three or more including 
cardiovascular problems, diabetes, respiratory problems and cancer. 
Why is the phantom ‘Covid-19’ said to kill overwhelmingly old 
people and hardly affect the young? Old people continually die of 
many causes and especially respiratory disease which you can re- 
diagnose ‘Covid-19’ while young people die in tiny numbers by 
comparison and rarely of respiratory disease. Old people ‘die of 
Covid’ because they die of other things that can be redesignated 
‘Covid’ and it really is that simple. 


Flu has flown 

The blueprint was in place. Get your illusory ‘cases’ from a test not 
testing for the ‘virus’ and redesignate other causes of death as 
‘Covid-19’. You have an instant ‘pandemic’ from something that is 
nothing more than a computer-generated fiction. With near-on a 


billion people having ‘flu-like’ symptoms every year the potential 
was limitless and we can see why flu quickly and apparently 
miraculously disappeared worldwide by being diagnosed ‘Covid-19’. 
The painfully bloody obvious was explained away by the childlike 
media in headlines like this in the UK ‘Independent’: ‘Not a single 
case of flu detected by Public Health England this year as Covid 
restrictions suppress virus’. I kid you not. The masking, social 
distancing and house arrest that did not make the ‘Covid virus’ 
disappear somehow did so with the “flu virus’. Even worse the 
article, by a bloke called Samuel Lovett, suggested that maybe the 
masking, sanitising and other ‘Covid’ measures should continue to 
keep the flu away. With a ridiculousness that disturbs your breathing 
(it’s ‘Covid-19’) the said Lovett wrote: ‘With widespread social 
distancing and mask-wearing measures in place throughout the UK, 
the usual routes of transmission for influenza have been blocked.’ 
He had absolutely no evidence to support that statement, but look at 
the consequences of him acknowledging the obvious. With flu not 
disappearing at all and only being relabelled “‘Covid-19 he would 
have to contemplate that “Covid’ was a hoax on a scale that is hard to 
imagine. You need guts and commitment to truth to even go there 
and that’s clearly something Samuel Lovett does not have in 
abundance. He would never have got it through the editors anyway. 


Tens of thousands die in the United States alone every winter from 
flu including many with pneumonia complications. CDC figures 
record 45 million Americans diagnosed with flu in 2017-2018 of 
which 61,000 died and some reports claim 80,000. Where was the 
same hysteria then that we have seen with ‘Covid-19’? Some 250,000 
Americans are admitted to hospital with pneumonia every year with 
about 50,000 cases proving fatal. About 65 million suffer respiratory 
disease every year and three million deaths makes this the third 
biggest cause of death worldwide. You only have to redesignate a 
portion of all these people ‘Covid-19’ and you have an instant global 
pandemic or the appearance of one. Why would doctors do this? They 
are told to do this and all but a few dare not refuse those who must 
be obeyed. Doctors in general are not researching their own 


knowledge and instead take it direct and unquestioned from the 
authorities that own them and their careers. The authorities say they 
must now diagnose these symptoms ‘Covid-19’ and not flu, or 
whatever, and they do it. Dark suits say put ‘Covid-19’ on death 
certificates no matter what the cause of death and the doctors do it. 
Renegade Minds don’t fall for the illusion that doctors and medical 
staff are all highly-intelligent, highly-principled, seekers of medical 
truth. Some are, but not the majority. They are repeaters, gofers, and 
yes sir, no sir, purveyors of what the system demands they purvey. 
The ‘Covid’ con is not merely confined to diseases of the lungs. 
Instructions to doctors to put ‘Covid-19’ on death certificates for 
anyone dying of anything within 28 days (or much more) of a 
positive test not testing for the ‘virus’ opened the floodgates. The 
term dying with ‘Covid’ and not of ‘Covid’ was coined to cover the 
truth. Whether it was a with or an of they were all added to the death 
numbers attributed to the ‘deadly virus’ compiled by national 
governments and globally by the Gates-funded Johns Hopkins 
operation in the United States that was so involved in those 
‘pandemic’ simulations. Fraudulent deaths were added to the ever- 
growing list of fraudulent ‘cases’ from false positives from a false 
test. No wonder Professor Walter Ricciardi, scientific advisor to the 
Italian minister of health, said after the Lombardy hysteria had done 
its job that ‘Covid’ death rates were due to Italy having the second 
oldest population in the world and to how hospitals record deaths: 


The way in which we code deaths in our country is very generous in the sense that all the 
people who die in hospitals with the coronavirus are deemed to be dying of the coronavirus. 
On re-evaluation by the National Institute of Health, only 12 per cent of death certificates 
have shown a direct causality from coronavirus, while 88 per cent of patients who have died 
have at least one pre-morbidity — many had two or three. 


This is extraordinary enough when you consider the propaganda 
campaign to use Italy to terrify the world, but how can they even say 
twelve percent were genuine when the ‘virus’ has not been shown to 
exist, its ‘code’ is a computer program, and diagnosis comes from a 
test not testing for it? As in China, and soon the world, ‘Covid-19’ in 


Italy was a redesignation of diagnosis. Lies and corruption were to 
become the real ‘pandemic’ fuelled by a pathetically-compliant 
medical system taking its orders from the tiny few at the top of their 
national hierarchy who answered to the World Health Organization 
which answers to Gates and the Cult. Doctors were told — ordered — 
to diagnose a particular set of symptoms ‘Covid-19 and put that on 
the death certificate for any cause of death if the patient had tested 
positive with a test not testing for the virus or had ‘Covid’ symptoms 
like the flu. The United States even introduced big financial 
incentives to manipulate the figures with hospitals receiving £4,600 
from the Medicare system for diagnosing someone with regular 
pneumonia, $13,000 if they made the diagnosis from the same 
symptoms ‘Covid-1% pneumonia, and $39, 000 if they put a ‘Covid’ 
diagnosed patient on a ventilator that would almost certainly kill 
them. A few — painfully and pathetically few — medical 
whistleblowers revealed (before Cult-owned YouTube deleted their 
videos) that they had been instructed to ‘let the patient crash’ and 
put them straight on a ventilator instead of going through a series of 
far less intrusive and dangerous methods as they would have done 
before the pandemic hoax began and the financial incentives kicked 
in. We are talking cold-blooded murder given that ventilators are so 
damaging to respiratory systems they are usually the last step before 
heaven awaits. Renegade Minds never fall for the belief that people 
in white coats are all angels of mercy and cannot be full-on 
psychopaths. I have explained in detail in The Answer how what I am 
describing here played out across the world coordinated by the 
World Health Organization through the medical hierarchies in 
almost every country. 


Medical scientist calls it 

Information about the non-existence of the ‘virus’ began to emerge 
for me in late March, 2020, and mushroomed after that. I was sent an 
email by Sir Julian Rose, a writer, researcher, and organic farming 
promotor, from a medical scientist friend of his in the United States. 
Even at that early stage in March the scientist was able to explain 


how the ‘Covid’ hoax was being manipulated. He said there were no 
reliable tests for a specific ‘Covid-19 virus’ and nor were there any 
reliable agencies or media outlets for reporting numbers of actual 
‘Covid-19’ cases. We have seen in the long period since then that he 
was absolutely right. ‘Every action and reaction to Covid-19 is based 
on totally flawed data and we simply cannot make accurate 
assessments,’ he said. Most people diagnosed with ‘Covid-19 were 
showing nothing more than cold and flu-like symptoms ‘because 
most coronavirus strains are nothing more than cold/flu-like 
symptoms’. We had farcical situations like an 84-year-old German 
man testing positive for ‘Covid-19’ and his nursing home ordered to 
quarantine only for him to be found to have a common cold. The 
scientist described back then why PCR tests and what he called the 
‘Mickey Mouse test kits’ were useless for what they were claimed to 
be identifying. “The idea these kits can isolate a specific virus like 
Covid-19 is nonsense,’ he said. Significantly, he pointed out that ‘if 
you want to create a totally false panic about a totally false pandemic 
— pick a coronavirus’. This is exactly what the Cult-owned Gates, 
World Economic Forum and Johns Hopkins University did with 
their Event 201 ‘simulation’ followed by their real-life simulation 
called the ‘pandemic’. The scientist said that all you had to do was 
select the sickest of people with respiratory-type diseases in a single 
location — ‘say Wuhan’ — and administer PCR tests to them. You can 
then claim that anyone showing ‘viral sequences’ similar to a 
coronavirus ‘which will inevitably be quite a few’ is suffering from a 
‘new’ disease: 


Since you already selected the sickest flu cases a fairly high proportion of your sample will go 
on to die. You can then say this ‘new’ virus has a CFR [case fatality rate] higher than the flu 
and use this to infuse more concern and do more tests which will of course produce more 
‘cases’, which expands the testing, which produces yet more ‘cases’ and so on and so on. 
Before long you have your ‘pandemic’, and all you have done is use a simple test kit trick to 
convert the worst flu and pneumonia cases into something new that doesn’t ACTUALLY EXIST 
[my emphasis]. 


He said that you then ‘just run the same scam in other countries’ 
and make sure to keep the fear message running high ‘so that people 


will feel panicky and less able to think critically’. The only problem 
to overcome was the fact there is no actual new deadly pathogen and 
only regular sick people. This meant that deaths from the ‘new 
deadly pathogen’ were going to be way too low for a real new 
deadly virus pandemic, but he said this could be overcome in the 
following ways — all of which would go on to happen: 


1. You can claim this is just the beginning and more deaths are imminent [you underpin this 
with fantasy ‘computer projections’]. Use this as an excuse to quarantine everyone and then 
claim the quarantine prevented the expected millions of dead. 


2. You can [say that people] ‘minimizing’ the dangers are irresponsible and bully them into 
not talking about numbers. 


3. You can talk crap about made up numbers hoping to blind people with pseudoscience. 


4. You can start testing well people (who, of course, will also likely have shreds of 
coronavirus [RNA] in them) and thus inflate your ‘case figures’ with ‘asymptomatic 
carriers’ (you will of course have to spin that to sound deadly even though any virologist 
knows the more symptom-less cases you have the less deadly is your pathogen). 


The scientist said that if you take these simple steps “you can have 
your own entirely manufactured pandemic up and running in 
weeks’. His analysis made so early in the hoax was brilliantly 
prophetic of what would actually unfold. Pulling all the information 
together in these recent chapters we have this is simple 1, 2, 3, of 
how you can delude virtually the entire human population into 
believing in a ‘virus’ that doesn’t exist: 


e A ‘Covid case’ is someone who tests positive with a test not 
testing for the ‘virus’. 


¢ A ‘Covid death’ is someone who dies of any cause within 28 days 
(or much longer) of testing positive with a test not testing for the 
‘virus. 


e Asymptomatic means there is nothing wrong with you, but they 
claim you can pass on what you don’t have to justify locking 


down (quarantining) healthy people in totality. 


The foundations of the hoax are that simple. A study involving ten 
million people in Wuhan, published in November, 2020, demolished 
the whole lie about those without symptoms passing on the ‘virus’. 
They found ‘300 asymptomatic cases’ and traced their contacts to 
find that not one of them was detected with the ‘virus’. 
‘Asymptomatic’ patients and their contacts were isolated for no less 
than two weeks and nothing changed. I know it’s all crap, but if you 
are going to claim that those without symptoms can transmit ‘the 
virus’ then you must produce evidence for that and they never have. 
Even World Health Organization official Dr Maria Van Kerkhove, 
head of the emerging diseases and zoonosis unit, said as early as 
June, 2020, that she doubted the validity of asymptomatic 
transmission. She said that ‘from the data we have, it still seems to 
be rare that an asymptomatic person actually transmits onward to a 
secondary individual’ and by ‘rare’ she meant that she couldn’t cite 
any case of asymptomatic transmission. 


The Ferguson factor 

The problem for the Cult as it headed into March, 2020, when the 
script had lockdown due to start, was that despite all the 
manipulation of the case and death figures they still did not have 
enough people alleged to have died from ‘Covid’ to justify mass 
house arrest. This was overcome in the way the scientist described: 
‘You can claim this is just the beginning and more deaths are 
imminent ... Use this as an excuse to quarantine everyone and then 
claim the quarantine prevented the expected millions of dead.’ Enter 
one Professor Neil Ferguson, the Gates-funded ‘epidemiologist’ at 
the Gates-funded Imperial College in London. Ferguson is Britain’s 
Christian Drosten in that he has a dire record of predicting health 
outcomes, but is still called upon to advise government on the next 
health outcome when another ‘crisis’ comes along. This may seem to 
be a strange and ridiculous thing to do. Why would you keep 
turning for policy guidance to people who have a history of being 


monumentally wrong? Ah, but it makes sense from the Cult point of 
view. These ‘experts’ keep on producing predictions that suit the 
Cult agenda for societal transformation and so it was with Neil 
Ferguson as he revealed his horrific (and clearly insane) computer 
model predictions that allowed lockdowns to be imposed in Britain, 
the United States and many other countries. Ferguson does not have 
even an A-level in biology and would appear to have no formal 
training in computer modelling, medicine or epidemiology, 
according to Derek Winton, an MSc in Computational Intelligence. 
He wrote an article somewhat aghast at what Ferguson did which 
included taking no account of respiratory disease ‘seasonality’ which 
means it is far worse in the winter months. Who would have thought 
that respiratory disease could be worse in the winter? Well, certainly 
not Ferguson. 


The massively China-connected Imperial College and its bizarre 
professor provided the excuse for the long-incubated Chinese model 
of human control to travel westward at lightning speed. Imperial 
College confirms on its website that it collaborates with the Chinese 
Research Institute; publishes more than 600 research papers every 
year with Chinese research institutions; has 225 Chinese staff; 2,600 
Chinese students — the biggest international group; 7,000 former 
students living in China which is the largest group outside the UK; 
and was selected for a tour by China’s President Xi Jinping during 
his state visit to the UK in 2015. The college takes major donations 
from China and describes itself as the UK’s number one university 
collaborator with Chinese research institutions. The China 
communist/fascist government did not appear phased by the woeful 
predictions of Ferguson and Imperial when during the lockdown 
that Ferguson induced the college signed a five-year collaboration 
deal with China tech giant Huawei that will have Huawei’s indoor 
5G network equipment installed at the college’s West London tech 
campus along with an ‘AI cloud platform’. The deal includes Chinese 
sponsorship of Imperial’s Venture Catalyst entrepreneurship 
competition. Imperial is an example of the enormous influence the 
Chinese government has within British and North American 


universities and research centres — and further afield. Up to 200 
academics from more than a dozen UK universities are being 
investigated on suspicion of ‘unintentionally’ helping the Chinese 
government build weapons of mass destruction by ‘transferring 
world-leading research in advanced military technology such as 
aircraft, missile designs and cyberweapons’. Similar scandals have 
broken in the United States, but it’s all a coincidence. Imperial 
College serves the agenda in many other ways including the 
promotion of every aspect of the United Nations Agenda 21/2030 
(the Great Reset) and produced computer models to show that 
human-caused ‘climate change’ is happening when in the real world 
it isn’t. Imperial College is driving the climate agenda as it drives the 
‘Covid’ agenda (both Cult hoaxes) while Patrick Vallance, the UK 
government’s Chief Scientific Adviser on ‘Covid’, was named Chief 
Scientific Adviser to the UN ‘climate change’ conference known as 
COP26 hosted by the government in Glasgow, Scotland. ‘Covid’ and 
‘climate’ are fundamentally connected. 


Professor Woetul 

From Imperial’s bosom came Neil Ferguson still advising 
government despite his previous disasters and it was announced 
early on that he and other key people like UK Chief Medical Adviser 
Chris Whitty had caught the ‘virus’ as the propaganda story was 
being sold. Somehow they managed to survive and we had Prime 
Minister Boris Johnson admitted to hospital with what was said to be 
a severe version of the ‘virus’ in this same period. His whole policy 
and demeanour changed when he returned to Downing Street. It’s a 
small world with these government advisors — especially in their 
communal connections to Gates — and Ferguson had partnered with 
Whitty to write a paper called ‘Infectious disease: Tough choices to 
reduce Ebola transmission’ which involved another scare-story that 
didn’t happen. Ferguson’s ‘models’ predicted that up to150, 000 
could die from ‘mad cow disease’, or BSE, and its version in sheep if 
it was transmitted to humans. BSE was not transmitted and instead 
triggered by an organophosphate pesticide used to treat a pest on 


cows. Fewer than 200 deaths followed from the human form. Models 
by Ferguson and his fellow incompetents led to the unnecessary 
culling of millions of pigs, cattle and sheep in the foot and mouth 
outbreak in 2001 which destroyed the lives and livelihoods of 
farmers and their families who had often spent decades building 
their herds and flocks. Vast numbers of these animals did not have 
foot and mouth and had no contact with the infection. Another 
‘expert’ behind the cull was Professor Roy Anderson, a computer 
modeller at Imperial College specialising in the epidemiology of 
human, not animal, disease. Anderson has served on the Bill and 
Melinda Gates Grand Challenges in Global Health advisory board 
and chairs another Gates-funded organisation. Gates is everywhere. 


In a precursor to the ‘Covid’ script Ferguson backed closing 
schools ‘for prolonged periods’ over the swine flu ‘pandemic’ in 2009 
and said it would affect a third of the world population if it 
continued to spread at the speed he claimed to be happening. His 
mates at Imperial College said much the same and a news report 
said: ‘One of the authors, the epidemiologist and disease modeller 
Neil Ferguson, who sits on the World Health Organisation’s 
emergency committee for the outbreak, said the virus had “full 
pandemic potential”.’ Professor Liam Donaldson, the Chris Whitty 
of his day as Chief Medical Officer, said the worst case could see 30 
percent of the British people infected by swine flu with 65,000 dying. 
Ferguson and Donaldson were indeed proved correct when at the 
end of the year the number of deaths attributed to swine flu was 392. 
The term ‘expert’ is rather liberally applied unfortunately, not least 
to complete idiots. Swine flu ‘projections’ were great for 
GlaxoSmithKline (GSK) as millions rolled in for its Pandemrix 
influenza vaccine which led to brain damage with children most 
affected. The British government (taxpayers) paid out more than £60 
million in compensation after GSK was given immunity from 
prosecution. Yet another ‘Covid’ déja vu. Swine flu was supposed to 
have broken out in Mexico, but Dr Wolfgang Wodarg, a German 
doctor, former member of parliament and critic of the ‘Covid’ hoax, 
observed ‘the spread of swine flu’ in Mexico City at the time. He 


said: ‘What we experienced in Mexico City was a very mild flu 
which did not kill more than usual — which killed even fewer people 
than usual.’ Hyping the fear against all the facts is not unique to 
‘Covid’ and has happened many times before. Ferguson is reported 
to have over-estimated the projected death toll of bird flu (H5N1) by 
some three million-fold, but bird flu vaccine makers again made a 
killing from the scare. This is some of the background to the Neil 
Ferguson who produced the perfectly-timed computer models in 
early 2020 predicting that half a million people would die in Britain 
without draconian lockdown and 2.2 million in the United States. 
Politicians panicked, people panicked, and lockdowns of alleged 
short duration were instigated to ‘flatten the curve’ of cases gleaned 
from a test not testing for the ‘virus’. I said at the time that the public 
could forget the ‘short duration’ bit. This was an agenda to destroy 
the livelihoods of the population and force them into mass control 
through dependency and there was going to be nothing ‘short’ about 
it. American researcher Daniel Horowitz described the consequences 
of the ‘models’ spewed out by Gates-funded Ferguson and Imperial 
College: 


What led our government and the governments of many other countries into panic was a 
single Imperial College of UK study, funded by global warming activists, that predicted 2.2 
million deaths if we didn’t lock down the country. In addition, the reported 8-9% death rate in 
Italy scared us into thinking there was some other mutation of this virus that they got, which 
might have come here. 


Together with the fact that we were finally testing and had the ability to actually report new 
cases, we thought we were headed for a death spiral. But again ... we can’t flatten a curve if 
we don’t know when the curve started. 


How about it never started? 


Giving them what they want 

An investigation by German news outlet Welt Am Sonntag (World on 
Sunday) revealed how in March, 2020, the German government 
gathered together ‘leading scientists from several research institutes 
and universities’ and ‘together, they were to produce a [modelling] 


paper that would serve as legitimization for further tough political 
measures’. The Cult agenda was justified by computer modelling not 
based on evidence or reality; it was specifically constructed to justify 
the Cult demand for lockdowns all over the world to destroy the 
independent livelihoods of the global population. All these 
modellers and everyone responsible for the ‘Covid’ hoax have a date 
with a trial like those in Nuremberg after World War Two when 
Nazis faced the consequences of their war crimes. These corrupt- 
beyond-belief ‘modellers’ wrote the paper according to government 
instructions and it said that that if lockdown measures were lifted 
then up to one million Germans would die from ‘Covid-19’ adding 
that some would die ‘agonizingly at home, gasping for breath’ 
unable to be treated by hospitals that couldn’t cope. All lies. No 
matter — it gave the Cult all that it wanted. What did long-time 
government ‘modeller’ Neil Ferguson say? If the UK and the United 
States didn’t lockdown half a million would die in Britain and 2.2 
million Americans. Anyone see a theme here? ‘Modellers’ are such a 
crucial part of the lockdown strategy that we should look into their 
background and follow the money. Researcher Rosemary Frei 
produced an excellent article headlined “The Modelling-paper 
Mafiosi’. She highlights a guy called John Edmunds, a British 
epidemiologist, and professor in the Faculty of Epidemiology and 
Population Health at the London School of Hygiene & Tropical 
Medicine. He studied at Imperial College. Edmunds is a member of 
government ‘Covid’ advisory bodies which have been dictating 
policy, the New and Emerging Respiratory Virus Threats Advisory 
Group (NERVTAG) and the Scientific Advisory Group for 
Emergencies (SAGE). 

Ferguson, another member of NERVTAG and SAGE, led the way 
with the original ‘virus’ and Edmunds has followed in the ‘variant’ 
stage and especially the so-called UK or Kent variant known as the 
‘Variant of Concern’ (VOC) B.1.1.7. He said in a co-written report for 
the Centre for Mathematical modelling of Infectious Diseases at the 
London School of Hygiene and Tropical Medicine, with input from 
the Centre’s ‘Covid-19’ Working Group, that there was ‘a realistic 


possibility that VOC B.1.1.7 is associated with an increased risk of 
death compared to non-VOC viruses’. Fear, fear, fear, get the 
vaccine, fear, fear, fear, get the vaccine. Rosemary Frei reveals that 
almost all the paper’s authors and members of the modelling centre’s 
‘Covid-19’ Working Group receive funding from the Bill and 
Melinda Gates Foundation and/or the associated Gates-funded 
Wellcome Trust. The paper was published by e-journal Medr xiv 
which only publishes papers not peer-reviewed and the journal was 
established by an organisation headed by Facebook’s Mark 
Zuckerberg and his missus. What a small world it is. Frei discovered 
that Edmunds is on the Scientific Advisory Board of the Coalition for 
Epidemic Preparedness Innovations (CEPI) which was established 
by the Bill and Melinda Gates Foundation, Klaus Schwab’s Davos 
World Economic Forum and Big Pharma giant Wellcome. CEPI was 
‘launched in Davos [in 2017] to develop vaccines to stop future 
epidemics’, according to its website. ‘Our mission is to accelerate the 
development of vaccines against emerging infectious diseases and 
enable equitable access to these vaccines for people during 
outbreaks.’ What kind people they are. Rosemary Frei reveals that 
Public Health England (PHE) director Susan Hopkins is an author of 
her organisation’s non-peer-reviewed reports on ‘new variants’. 
Hopkins is a professor of infectious diseases at London’s Imperial 
College which is gifted tens of millions of dollars a year by the Bill 
and Melinda Gates Foundation. Gates-funded modelling disaster 
Neil Ferguson also co-authors Public Health England reports and he 
spoke in December, 2020, about the potential danger of the B.1.1.7. 
‘UK variant’ promoted by Gates-funded modeller John Edmunds. 
When I come to the ‘Covid vaccines’ the ‘new variants’ will be 
shown for what they are — bollocks. 


Connections, connections 

All these people and modellers are lockdown-obsessed or, put 
another way, they demand what the Cult demands. Edmunds said in 
January, 2021, that to ease lockdowns too soon would be a disaster 
and they had to ‘vaccinate much, much, much more widely than the 


elderly’. Rosemary Frei highlights that Edmunds is married to 
Jeanne Pimenta who is described in a LinkedIn profile as director of 
epidemiology at GlaxoSmithKline (GSK) and she held shares in the 
company. Patrick Vallance, co-chair of SAGE and the government's 
Chief Scientific Adviser, is a former executive of GSK and has a 
deferred bonus of shares in the company worth £600,000. GSK has 
serious business connections with Bill Gates and is collaborating 
with mRNA-~’vaccine’ company CureVac to make ‘vaccines’ for the 
new variants that Edmunds is talking about. GSK is planning a 
‘Covid vaccine’ with drug giant Sanofi. Puppet Prime Minister Boris 
Johnson announced in the spring of 2021 that up to 60 million 
vaccine doses were to be made at the GSK facility at Barnard Castle 
in the English North East. Barnard Castle, with a population of just 
6,000, was famously visited in breach of lockdown rules in April, 
2020, by Johnson aide Dominic Cummings who said that he drove 
there ‘to test his eyesight’ before driving back to London. Cummings 
would be better advised to test his integrity — not that it would take 
long. The GSK facility had nothing to do with his visit then although 
I’m sure Patrick Vallance would have been happy to arrange an 
introduction and some tea and biscuits. Ruthless psychopath Gates 
has made yet another fortune from vaccines in collaboration with Big 
Pharma companies and gushes at the phenomenal profits to be made 
from vaccines — more than a 20-to-1 return as he told one 
interviewer. Gates also tweeted in December, 2019, with the 
foreknowledge of what was coming: ‘What's next for our 
foundation? I’m particularly excited about what the next year could 
mean for one of the best buys in global health: vaccines.’ 


Modeller John Edmunds is a big promotor of vaccines as all these 
people appear to be. He’s the dean of the London School of Hygiene 
& Tropical Medicine’s Faculty of Epidemiology and Population 
Health which is primarily funded by the Bill and Melinda Gates 
Foundation and the Gates-established and funded GAVI vaccine 
alliance which is the Gates vehicle to vaccinate the world. The 
organisation Doctors Without Borders has described GAVI as being 
‘aimed more at supporting drug-industry desires to promote new 


products than at finding the most efficient and sustainable means for 
fighting the diseases of poverty’. But then that’s why the psychopath 
Gates created it. John Edmunds said in a video that the London 
School of Hygiene & Tropical Medicine is involved in every aspect of 
vaccine development including large-scale clinical trials. He 
contends that mathematical modelling can show that vaccines 
protect individuals and society. That’s on the basis of shit in and shit 
out, I take it. Edmunds serves on the UK Vaccine Network as does 
Ferguson and the government's foremost “Covid’ adviser, the grim- 
faced, dark-eyed Chris Whitty. The Vaccine Network says it works 
‘to support the government to identify and shortlist targeted 
investment opportunities for the most promising vaccines and 
vaccine technologies that will help combat infectious diseases with 
epidemic potential, and to address structural issues related to the 
UK’s broader vaccine infrastructure’. Ferguson is acting Director of 
the Imperial College Vaccine Impact Modelling Consortium which 
has funding from the Bill and Melina Gates Foundation and the 
Gates-created GAVI ‘vaccine alliance’. Anyone wonder why these 
characters see vaccines as the answer to every problem? Ferguson is 
wildly enthusiastic in his support for GAVI’s campaign to vaccine 
children en masse in poor countries. You would expect someone like 
Gates who has constantly talked about the need to reduce the 
population to want to fund vaccines to keep more people alive. I’m 
sure that’s why he does it. The John Edmunds London School of 
Hygiene & Tropical Medicine (LSHTM) has a Vaccines 
Manufacturing Innovation Centre which develops, tests and 
commercialises vaccines. Rosemary Frei writes: 


The vaccines centre also performs affiliated activities like combating ‘vaccine hesitancy’. The 
latter includes the Vaccine Confidence Project. The project’s stated purpose is, among other 
things, ‘to provide analysis and guidance for early response and engagement with the public 
to ensure sustained confidence in vaccines and immunisation’. The Vaccine Confidence 
Project’s director is LSHTM professor Heidi Larson. For more than a decade she’s been 
researching how to combat vaccine hesitancy. 


How the bloody hell can blokes like John Edmunds and Neil 
Ferguson with those connections and financial ties model ‘virus’ case 


and death projections for the government and especially in a way 
that gives their paymasters like Gates exactly what they want? It’s 
insane, but this is what you find throughout the world. 


‘Covid' is not dangerous, oops, wait, yes itis 

Only days before Ferguson’s nightmare scenario made Jackboot 
Johnson take Britain into a China-style lockdown to save us from a 
deadly ‘virus’ the UK government website gov.uk was reporting 
something very different to Ferguson on a page of official 


government guidance for ‘high consequence infectious diseases 
(HCID)’. It said this about ‘Covid-19’: 


As of 19 March 2020, COVID-19 is no longer considered to be a high consequence infectious 
diseases (HCID) in the UK [my emphasis]. The 4 nations public health HCID group made an 
interim recommendation in January 2020 to classify COVID-19 as an HCID. This was based 
on consideration of the UK HCID criteria about the virus and the disease with information 
available during the early stages of the outbreak. 


Now that more is known about COVID-19, the public health bodies in the UK have reviewed 
the most up to date information about COVID-19 against the UK HCID criteria. They have 
determined that several features have now changed; in particular, more information is 
available about mortality rates (low overall), and there is now greater clinical awareness and a 
specific and sensitive laboratory test, the availability of which continues to increase. The 
Advisory Committee on Dangerous Pathogens (ACDP) is also of the opinion that COVID-19 
should no longer be classified as an HCID. 


Soon after the government had been exposed for downgrading the 
risk they upgraded it again and everyone was back to singing from 
the same Cult hymn book. Ferguson and his fellow Gates clones 
indicated that lockdowns and restrictions would have to continue 
until a Gates-funded vaccine was developed. Gates said the same 
because Ferguson and his like were repeating the Gates script which 
is the Cult script. ‘Flatten the curve’ became an ongoing nightmare of 
continuing lockdowns with periods in between of severe restrictions 
in pursuit of destroying independent incomes and had nothing to do 
with protecting health about which the Cult gives not a shit. Why 
wouldn't Ferguson be pushing a vaccine ‘solution’ when he’s owned 
by vaccine-obsessive Gates who makes a fortune from them and 


when Ferguson heads the Vaccine Impact Modelling Consortium at 
Imperial College funded by the Gates Foundation and GAVI, the 
‘vaccine alliance’, created by Gates as his personal vaccine 
promotion operation? To compound the human catastrophe that 
Ferguson’s ‘models’ did so much to create he was later exposed for 
breaking his own lockdown rules by having sexual liaisons with his 
married girlfriend Antonia Staats at his home while she was living at 
another location with her husband and children. Staats was a 
‘climate’ activist and senior campaigner at the Soros-funded Avaaz 
which I wouldn’t trust to tell me that grass is green. Ferguson had to 
resign as a government advisor over this hypocrisy in May, 2020, but 
after a period of quiet he was back being quoted by the ridiculous 
media on the need for more lockdowns and a vaccine rollout. Other 
government-advising ‘scientists’ from Imperial College’ held the fort 
in his absence and said lockdown could be indefinite until a vaccine 
was found. The Cult script was being sung by the payrolled choir. I 
said there was no intention of going back to ‘normal’ when the 
‘vaccine’ came because the ‘vaccine’ is part of a very different agenda 
that I will discuss in Human 2.0. Why would the Cult want to let the 
world go back to normal when destroying that normal forever was 
the whole point of what was happening? House arrest, closing 
businesses and schools through lockdown, (un)social distancing and 
masks all followed the Ferguson fantasy models. Again as I 
predicted (these people are so predictable) when the ‘vaccine’ 
arrived we were told that house arrest, lockdown, (un)social 
distancing and masks would still have to continue. I will deal with 
the masks in the next chapter because they are of fundamental 
importance. 


Where's the ‘pandemic? 

Any mildly in-depth assessment of the figures revealed what was 
really going on. Cult-funded and controlled organisations still have 
genuine people working within them such is the number involved. 
So it is with Genevieve Briand, assistant program director of the 
Applied Economics master’s degree program at Johns Hopkins 


University. She analysed the impact that ‘Covid-1% had on deaths 
from all causes in the United States using official data from the CDC 
for the period from early February to early September, 2020. She 
found that allegedly ‘Covid’ related-deaths exceeded those from 
heart disease which she found strange with heart disease always the 
biggest cause of fatalities. Her research became even more significant 
when she noted the sudden decline in 2020 of all non-’Covid’ deaths: 
‘This trend is completely contrary to the pattern observed in all 
previous years ... the total decrease in deaths by other causes almost 
exactly equals the increase in deaths by Covid-19.” This was such a 
game, set and match in terms of what was happening that Johns 
Hopkins University deleted the article on the grounds that it “was 
being used to support false and dangerous inaccuracies about the 
impact of the pandemic’. No — because it exposed the scam from 
official CDC figures and this was confirmed when those figures were 
published in January, 2021. Here we can see the effect of people 
dying from heart attacks, cancer, road accidents and gunshot 
wounds — anything — having ‘Covid-19’ on the death certificate along 
with those diagnosed from ‘symptoms’ who had even not tested 
positive with a test not testing for the ‘virus’. Iam not kidding with 
the gunshot wounds, by the way. Brenda Bock, coroner in Grand 
County, Colorado, revealed that two gunshot victims tested positive 
for the ‘virus’ within the previous 30 days and were therefore 
classified as ‘Covid deaths’. Bock said: “These two people had tested 
positive for Covid, but that’s not what killed them. A gunshot 
wound is what killed them.’ She said she had not even finished her 
investigation when the state listed the gunshot victims as deaths due 
to the ‘virus’. The death and case figures for ‘Covid-19’ are an 
absolute joke and yet they are repeated like parrots by the media, 
politicians and alleged medical ‘experts’. The official Cult narrative 
is the only show in town. 

Genevieve Briand found that deaths from all causes were not 
exceptional in 2020 compared with previous years and a Spanish 
magazine published figures that said the same about Spain which 
was a ‘Covid’ propaganda hotspot at one point. Discovery Salud, a 


health and medicine magazine, quoted government figures which 
showed how 17,000 fewer people died in Spain in 2020 than in 2019 
and more than 26,000 fewer than in 2018. The age-standardised 
mortality rate for England and Wales when age distribution is taken 
into account was significantly lower in 2020 than the 1970s, 80s and 
90s, and was only the ninth highest since 2000. Where is the 
‘pandemic’? 

Post mortems and autopsies virtually disappeared for ‘Covid’ 
deaths amid claims that ‘virus-infected’ bodily fluids posed a risk to 
those carrying out the autopsy. This was rejected by renowned 
German pathologist and forensic doctor Klaus Puschel who said that 
he and his staff had by then done 150 autopsies on ‘Covid’ patients 
with no problems at all. He said they were needed to know why 
some ‘Covid’ patients suffered blood clots and not severe respiratory 
infections. The ‘virus’ is, after all, called SARS or ‘severe acute 
respiratory syndrome’. I highlighted in the spring of 2020 this 
phenomenon and quoted New York intensive care doctor Cameron 
Kyle-Sidell who posted a soon deleted YouTube video to say that 
they had been told to prepare to treat an infectious disease called 
‘Covid-19’, but that was not what they were dealing with. Instead he 
likened the lung condition of the most severely ill patients to what 
you would expect with cabin depressurisation in a plane at 30,000 
feet or someone dropped on the top of Everest without oxygen or 
acclimatisation. I have never said this is not happening to a small 
minority of alleged ‘Covid’ patients — I am saying this is not caused 
by a phantom ‘contagious virus’. Indeed Kyle-Sidell said that 
‘Covid-19’ was not the disease they were told was coming their way. 
‘We are operating under a medical paradigm that is untrue,’ he said, 
and he believed they were treating the wrong disease: “These people 
are being slowly starved of oxygen.’ Patients would take off their 
oxygen masks in a state of fear and stress and while they were blue 
in the face on the brink of death. They did not look like patients 
dying of pneumonia. You can see why they don’t want autopsies 
when their virus doesn’t exist and there is another condition in some 
people that they don’t wish to be uncovered. I should add here that 


the 5G system of millimetre waves was being rapidly introduced 
around the world in 2020 and even more so now as they fire 5G at 
the Earth from satellites. At 60 gigahertz within the 5G range that 
frequency interacts with the oxygen molecule and stops people 
breathing in sufficient oxygen to be absorbed into the bloodstream. 
They are installing 5G in schools and hospitals. The world is not 
mad or anything. 5G can cause major changes to the lungs and blood 
as I detail in The Answer and these consequences are labelled ‘Covid- 
19’, the alleged symptoms of which can be caused by 5G and other 
electromagnetic frequencies as cells respond to radiation poisoning. 


The ‘Covid death’ scam 

Dr Scott Jensen, a Minnesota state senator and medical doctor, 
exposed ‘Covid’ Medicare payment incentives to hospitals and death 
certificate manipulation. He said he was sent a seven-page document 
by the US Department of Health ‘coaching’ him on how to fill out 
death certificates which had never happened before. The document 
said that he didn’t need to have a laboratory test for ‘Covid-19’ to 
put that on the death certificate and that shocked him when death 
certificates are supposed to be about facts. Jensen described how 
doctors had been ‘encouraged, if not pressured’ to make a diagnosis 
of ‘Covid-19’ if they thought it was probable or ‘presumed’. No 
positive test was necessary — not that this would have mattered 
anyway. He said doctors were told to diagnose ‘Covid’ by symptoms 
when these were the same as colds, allergies, other respiratory 
problems, and certainly with influenza which ‘disappeared’ in the 
‘Covid’ era. A common sniffle was enough to get the dreaded 
verdict. Ontario authorities decreed that a single care home resident 
with one symptom from a long list must lead to the isolation of the 
entire home. Other courageous doctors like Jensen made the same 
point about death figure manipulation and how deaths by other 
causes were falling while ‘Covid-19 deaths’ were rising at the same 
rate due to re-diagnosis. Their videos rarely survive long on 
YouTube with its Cult-supporting algorithms courtesy of CEO Susan 
Wojcicki and her bosses at Google. Figure-tampering was so glaring 


and ubiquitous that even officials were letting it slip or outright 
saying it. UK chief scientific adviser Patrick Vallance said on one 
occasion that ‘Covid’ on the death certificate doesn’t mean “Covid’ 
was the cause of death (so why the hell is it there?) and we had the 
rare sight of a BBC reporter telling the truth when she said: 
‘Someone could be successfully treated for Covid, in say April, 
discharged, and then in June, get run over by a bus and die ... That 
person would still be counted as a Covid death in England.’ Yet the 
BBC and the rest of the world media went on repeating the case and 
death figures as if they were real. Illinois Public Health Director Dr 
Ngozi Ezike revealed the deceit while her bosses must have been 
clenching their buttocks: 


If you were in a hospice and given a few weeks to live and you were then found to have 
Covid that would be counted as a Covid death. [There might be] a clear alternate cause, but it 
is still listed as a Covid death. So everyone listed as a Covid death doesn’t mean that was the 
cause of the death, but that they had Covid at the time of death. 


Yes, a ‘Covid virus’ never shown to exist and tested for with a test 
not testing for the ‘virus’. In the first period of the pandemic hoax 
through the spring of 2020 the process began of designating almost 
everything a ‘Covid’ death and this has continued ever since. I sat in 
a restaurant one night listening to a loud conversation on the next 
table where a family was discussing in bewilderment how a relative 
who had no symptoms of ‘Covid’, and had died of a long-term 
problem, could have been diagnosed a death by the ‘virus’. I could 
understand their bewilderment. If they read this book they will 
know why this medical fraud has been perpetrated the world over. 


Some media truth shock 

The media ignored the evidence of death certificate fraud until 
eventually one columnist did speak out when she saw it first-hand. 
Bel Mooney is a long-time national newspaper journalist in Britain 
currently working for the Daily Mail. Her article on February 19th, 
2021, carried this headline: ‘My dad Ted passed three Covid tests 


and died of a chronic illness yet he’s officially one of Britain’s 120,000 
victims of the virus and is far from alone ... so how many more are 
there?’ She told how her 99-year-old father was in a care home with 
a long-standing chronic obstructive pulmonary disease and vascular 
dementia. Maybe, but he was still aware enough to tell her from the 
start that there was no ‘virus’ and he refused the ‘vaccine’ for that 
reason. His death was not unexpected given his chronic health 
problems and Mooney said she was shocked to find that “‘Covid-19’ 
was declared the cause of death on his death certificate. She said this 
was a ‘bizarre and unacceptable untruth’ for a man with long-time 
health problems who had tested negative twice at the home for the 
‘virus’. I was also shocked by this story although not by what she 
said. I had been highlighting the death certificate manipulation for 
ten months. It was the confirmation that a professional full-time 
journalist only realised this was going on when it affected her 
directly and neither did she know that whether her dad tested 
positive or negative was irrelevant with the test not testing for the 
‘virus’. Where had she been? She said she did not believe in 
‘conspiracy theories’ without knowing I’m sure that this and 
‘conspiracy theorists’ were terms put into widespread circulation by 
the CIA in the 1960s to discredit those who did not accept the 
ridiculous official story of the Kennedy assassination. A blanket 
statement of ‘I don’t believe in conspiracy theories’ is always bizarre. 
The dictionary definition of the term alone means the world is 
drowning in conspiracies. What she said was even more daft when 
her dad had just been affected by the ‘Covid’ conspiracy. Why else 
does she think that ‘Covid-19’ was going on the death certificates of 
people who died of something else? 

To be fair once she saw from personal experience what was 
happening she didn’t mince words. Mooney was called by the care 
home on the morning of February 9th to be told her father had died 
in his sleep. When she asked for the official cause of death what 
came back was ‘Covid-19’. Mooney challenged this and was told 
there had been deaths from Covid on the dementia floor (confirmed 
by a test not testing for the ‘virus’) so they considered it ‘reasonable 


to assume’. ‘But doctor,’ Mooney rightly protested, ‘an assumption 
isn’t a diagnosis.’ She said she didn’t blame the perfectly decent and 
sympathetic doctor — ‘he was just doing his job’. Sorry, but that’s 
bullshit. He wasn’t doing his job at all. He was putting a false cause of 
death on the death certificate and that is a criminal offence for which 
he should be brought to account and the same with the millions of 
doctors worldwide who have done the same. They were not doing 
their job they were following orders and that must not wash at new 
Nuremberg trials any more than it did at the first ones. Mooney’s 
doctor was ‘assuming’ (presuming) as he was told to, but ‘just 
following orders’ makes no difference to his actions. A doctor’s job is 
to serve the patient and the truth, not follow orders, but that’s what 
they have done all over the world and played a central part in 
making the ‘Covid’ hoax possible with all its catastrophic 
consequences for humanity. Shame on them and they must answer 
for their actions. Mooney said her disquiet worsened when she 
registered her father’s death by telephone and was told by the 
registrar there had been very many other cases like hers where ‘the 
deceased’ had not tested positive for ‘Covid’ yet it was recorded as 
the cause of death. The test may not matter, but those involved at 
their level think it matters and it shows a callous disregard for 
accurate diagnosis. The pressure to do this is coming from the top of 
the national ‘health’ pyramids which in turn obey the World Health 
Organization which obeys Gates and the Cult. Mooney said the 
registrar agreed that this must distort the national figures adding 
that ‘the strangest thing is that every winter we record countless 
deaths from flu, and this winter there have been none. Not one!’ She 
asked if the registrar thought deaths from flu were being 
misdiagnosed and lumped together with ‘Covid’ deaths. The answer 
was a ‘puzzled yes’. Mooney said that the funeral director said the 
same about ‘Covid’ deaths which had nothing to do with ‘Covid’. 
They had lost count of the number of families upset by this and 
other funeral companies in different countries have had the same 
experience. Mooney wrote: 


The nightly shroud-waving and shocking close-ups of pain imposed on us by the TV news 
bewildered and terrified the population into eager compliance with lockdowns. We were 
invited to ‘save the NHS’ and to grieve for strangers — the real-life loved ones behind those 
shocking death counts. Why would the public imagine what | now fear, namely that the way 
Covid-19 death statistics are compiled might make the numbers seem greater than they are? 


Oh, just a little bit — like 100 percent. 


Mooney asked why a country would wish to skew its mortality 
figures by wrongly certifying deaths? What had been going on? 
Well, if you don’t believe in conspiracies you will never find the 
answer which is that it’s a conspiracy. She did, however, describe 
what she had discovered as a ‘national scandal’. In reality it’s a 
global scandal and happening everywhere. Pillars of this conspiracy 
were all put into place before the button was pressed with the 
Drosten PCR protocol and high amplifications to produce the cases 
and death certificate changes to secure illusory ‘Covid’ deaths. 
Mooney notes that normally two doctors were needed to certify a 
death, with one having to know the patient, and how the rules were 
changed in the spring of 2020 to allow one doctor to do this. In the 
same period “Covid deaths’ were decreed to be all cases where 
Covid-19 was put on the death certificate even without a positive test 
or any symptoms. Mooney asked: ‘How many of the 30,851 (as of 
January 15) care home resident deaths with Covid-19 on the 
certificate (32.4 per cent of all deaths so far) were based on an 
assumption, like that of my father? And what has that done to our 
national psyche?’ All of them is the answer to the first question and it 
has devastated and dismantled the national psyche, actually the 
global psyche, on a colossal scale. In the UK case and death data is 
compiled by organisations like Public Health England (PHE) and the 
Office for National Statistics (ONS). Mooney highlights the insane 
policy of counting a death from any cause as ‘Covid-19% if this 
happens within 28 days of a positive test (with a test not testing for 
the ‘virus’) and she points out that ONS statistics reflect deaths 
‘involving Covid’ ‘or due to Covid’ which meant in practice any 


death where ‘Covid-19’ was mentioned on the death certificate. She 
described the consequences of this fraud: 


Most people will accept the narrative they are fed, so panicky governments here and in 
Europe witnessed the harsh measures enacted in totalitarian China and jumped into 
lockdown. Headlines about Covid deaths tolled like the knell that would bring doomsday to 
us all. Fear stalked our empty streets. Politicians parroted the frankly ridiculous aim of ‘zero 
Covid’ and shut down the economy, while most British people agreed that lockdown was 
essential and (astonishingly to me, as a patriotic Brit) even wanted more restrictions. 


For what? Lies on death certificates? Never mind the grim toll of lives ruined, suicides, schools 
closed, rising inequality, depression, cancelled hospital treatments, cancer patients in a torture 
of waiting, poverty, economic devastation, loneliness, families kept apart, and so on. How 
many lives have been lost as a direct result of lockdown? 


She said that we could join in a national chorus of shock and horror 
at reaching the 120,000 death toll which was surely certain to have 
been totally skewed all along, but what about the human cost of 
lockdown justified by these ‘death figures’? The British Medical 
Journal had reported a 1,493 percent increase in cases of children 
taken to Great Ormond Street Hospital with abusive head injuries 
alone and then there was the effect on families: 


Perhaps the most shocking thing about all this is that families have been kept apart — and 
obeyed the most irrational, changing rules at the whim of government — because they 
believed in the statistics. They succumbed to fear, which his generation rejected in that war 
fought for freedom. Dad (God rest his soul) would be angry. And so am I. 


Another theme to watch is that in the winter months when there 
are more deaths from all causes they focus on ‘Covid’ deaths and in 
the summer when the British Lung Foundation says respiratory 
disease plummets by 80 percent they rage on about ‘cases’. Either 
way fascism on population is always the answer. 


Nazi eugenics in the 21st century 

Elderly people in care homes have been isolated from their families 
month after lonely month with no contact with relatives and 
grandchildren who were banned from seeing them. We were told 


that lockdown fascism was to ‘protect the vulnerable’ like elderly 
people. At the same time Do Not Resuscitate (DNR) orders were 
placed on their medical files so that if they needed resuscitation it 
wasn’t done and “Covid-19’ went on their death certificates. Old 
people were not being ‘protected’ they were being culled — 
murdered in truth. DNR orders were being decreed for disabled and 
young people with learning difficulties or psychological problems. 
The UK Care Quality Commission, a non-departmental body of the 
Department of Health and Social Care, found that 34 percent of 
those working in health and social care were pressured into placing 
‘do not attempt cardiopulmonary resuscitation’ orders on ‘Covid’ 
patients who suffered from disabilities and learning difficulties 
without involving the patient or their families in the decision. UK 
judges ruled that an elderly woman with dementia should have the 
DNA-manipulating ‘Covid vaccine’ against her son’s wishes and that 
aman with severe learning difficulties should have the jab despite 
his family’s objections. Never mind that many had already died. The 
judiciary always supports doctors and government in fascist 
dictatorships. They wouldn’t dare do otherwise. A horrific video was 
posted showing fascist officers from Los Angeles police forcibly 
giving the ‘Covid’ shot to women with special needs who were 
screaming that they didn’t want it. The same fascists are seen giving 
the jab to a sleeping elderly woman in a care home. This is straight 
out of the Nazi playbook. Hitler’s Nazis committed mass murder of 
the mentally ill and physically disabled throughout Germany and 
occupied territories in the programme that became known as Aktion 
T4, or just T4. Sabbatian-controlled Hitler and his grotesque crazies 
set out to kill those they considered useless and unnecessary. The 
Reich Committee for the Scientific Registering of Hereditary and 
Congenital Illnesses registered the births of babies identified by 
physicians to have ‘defects’. By 1941 alone more than 5,000 children 
were murdered by the state and it is estimated that in total the 
number of innocent people killed in Aktion T4 was between 275,000 
and 300,000. Parents were told their children had been sent away for 
‘special treatment’ never to return. It is rather pathetic to see claims 
about plans for new extermination camps being dismissed today 


when the same force behind current events did precisely that 80 
years ago. Margaret Sanger was a Cult operative who used ‘birth 
control’ to sanitise her programme of eugenics. Organisations she 
founded became what is now Planned Parenthood. Sanger proposed 
that ‘the whole dysgenic population would have its choice of 
segregation or sterilization’. These included epileptics, ‘feeble- 
minded’, and prostitutes. Sanger opposed charity because it 
perpetuated ‘human waste’. She reveals the Cult mentality and if 
anyone thinks that extermination camps are a ‘conspiracy theory’ 
their naivety is touching if breathtakingly stupid. 

If you don’t believe that doctors can act with callous disregard for 
their patients it is worth considering that doctors and medical staff 
agreed to put government-decreed DNR orders on medical files and 
do nothing when resuscitation is called for. I don’t know what you 
call such people in your house. In mine they are Nazis from the Josef 
Mengele School of Medicine. Phenomenal numbers of old people 
have died worldwide from the effects of lockdown, depression, lack 
of treatment, the ‘vaccine’ (more later) and losing the will to live. A 
common response at the start of the manufactured pandemic was to 
remove old people from hospital beds and transfer them to nursing 
homes. The decision would result in a mass cull of elderly people in 
those homes through lack of treatment — not ‘Covid’. Care home 
whistleblowers have told how once the ‘Covid’ era began doctors 
would not come to their homes to treat patients and they were 
begging for drugs like antibiotics that often never came. The most 
infamous example was ordered by New York governor Andrew 
Cuomo, brother of a moronic CNN host, who amazingly was given 
an Emmy Award for his handling of the ‘Covid crisis’ by the 
ridiculous Wokers that hand them out. Just how ridiculous could be 
seen in February, 2021, when a Department of Justice and FBI 
investigation began into how thousands of old people in New York 
died in nursing homes after being discharged from hospital to make 
way for ‘Covid’ patients on Cuomo’s say-so — and how he and his 
staff covered up these facts. This couldn’t have happened to a nicer 
psychopath. Even then there was a ‘Covid’ spin. Reports said that 


thousands of old people who tested positive for “Covid’ in hospital 
were transferred to nursing homes to both die of ‘Covid’ and 
transmit it to others. No — they were in hospital because they were ill 
and the fact that they tested positive with a test not testing for the 
‘virus’ is irrelevant. They were ill often with respiratory diseases 
ubiquitous in old people near the end of their lives. Their transfer 
out of hospital meant that their treatment stopped and many would 
go on to die. 


They're old. Who gives a damn? 


I have exposed in the books for decades the Cult plan to cull the 
world’s old people and even to introduce at some point what they 
call a ‘demise pill’ which at a certain age everyone would take and 
be out of here by law. In March, 2021, Spain legalised euthanasia and 
assisted suicide following the Netherlands, Belgium, Luxembourg 
and Canada on the Tiptoe to the demise pill. Treatment of old people 
by many ‘care’ homes has been a disgrace in the ‘Covid’ era. There 
are many, many, caring staff — I know some. There have, however, 
been legions of stories about callous treatment of old people and 
their families. Police were called when families came to take their 
loved ones home in the light of isolation that was killing them. They 
became prisoners of the state. Care home residents in insane, fascist 
Ontario, Canada, were not allowed to leave their room once the 
‘Covid’ hoax began. UK staff have even wheeled elderly people 
away from windows where family members were talking with them. 
Oriana Criscuolo from Stockport in the English North West dropped 
off some things for her 80-year-old father who has Parkinson’s 
disease and dementia and she wanted to wave to him through a 
ground-floor window. She was told that was ‘illegal’. When she went 
anyway they closed the curtains in the middle of the day. Oriana 
said: 


It’s just unbelievable. | cannot understand how care home staff — people who are being paid 
to care — have become so uncaring. Their behaviour is inhumane and cruel. It’s beyond belief. 


She was right and this was not a one-off. What a way to end your life 
in such loveless circumstances. UK registered nurse Nicky Millen, a 
proper old school nurse for 40 years, said that when she started her 
career care was based on dignity, choice, compassion and empathy. 
Now she said ‘the things that are important to me have gone out of 
the window.’ She was appalled that people were dying without their 
loved ones and saying goodbye on iPads. Nicky described how a 
distressed 89-year-old lady stroked her face and asked her ‘how 
many paracetamol would it take to finish me off’. Life was no longer 
worth living while not seeing her family. Nicky said she was 
humiliated in front of the ward staff and patients for letting the lady 
stroke her face and giving her a cuddle. Such is the dehumanisation 
that the ‘Covid’ hoax has brought to the surface. Nicky worked in 
care homes where patients told her they were being held prisoner. ‘I 
want to live until I die’, one said to her. ‘I had a lady in tears because 
she hadn’t seen her great-grandson.’ Nicky was compassionate old 
school meeting psychopathic New Normal. She also said she had 
worked on a “Covid’ ward with no ‘Covid’ patients. Jewish writer 
Shai Held wrote an article in March, 2020, which was headlined “The 
Staggering, Heartless Cruelty Toward the Elderly’. What he 
described was happening from the earliest days of lockdown. He 
said ‘the elderly’ were considered a group and not unique 
individuals (the way of the Woke). Shai Held said: 


Notice how the all-too-familiar rhetoric of dehumanization works: ‘The elderly’ are bunched 
together as a faceless mass, all of them considered culprits and thus effectively deserving of 
the suffering the pandemic will inflict upon them. Lost entirely is the fact that the elderly are 
individual human beings, each with a distinctive face and voice, each with hopes and 
dreams, memories and regrets, friendships and marriages, loves lost and loves sustained. 


‘The elderly’ have become another dehumanised group for which 
anything goes and for many that has resulted in cold disregard for 
their rights and their life. The distinctive face that Held talks about is 
designed to be deleted by masks until everyone is part of a faceless 
mass. 


‘War-zone’ hospitals myth 

Again and again medical professionals have told me what was really 
going on and how hospitals ‘overrun like war zones’ according to 
the media were virtually empty. The mantra from medical 
whistleblowers was please don’t use my name or my career is Over. 
Citizen journalists around the world sneaked into hospitals to film 
evidence exposing the ‘war-zone’ lie. They really were largely empty 
with closed wards and operating theatres. I met a hospital worker in 
my town on the Isle of Wight during the first lockdown in 2020 who 
said the only island hospital had never been so quiet. Lockdown was 
justified by the psychopaths to stop hospitals being overrun. At the 
same time that the island hospital was near-empty the military 
arrived here to provide extra beds. It was all propaganda to ramp up 
the fear to ensure compliance with fascism as were never-used 
temporary hospitals with thousands of beds known as Nightingales 
and never-used make-shift mortuaries opened by the criminal UK 
government. A man who helped to install those extra island beds 
attributed to the army said they were never used and the hospital 
was empty. Doctors and nurses ‘stood around talking or on their 
phones, wandering down to us to see what we were doing’. There 
were no masks or social distancing. He accused the useless local 
island paper, the County Press, of ‘pumping the fear as if our hospital 
was overrun and we only have one so it should have been’. He 
described ambulances parked up with crews outside in deck chairs. 
When his brother called an ambulance he was told there was a two- 
hour backlog which he called ‘bullshit’. An old lady on the island fell 
‘and was in a bad way’, but a caller who rang for an ambulance was 
told the situation wasn’t urgent enough. Ambulance stations were 
working under capacity while people would hear ambulances with 
sirens blaring driving through the streets. When those living near 
the stations realised what was going on they would follow them as 
they left, circulated around an urban area with the sirens going, and 
then came back without stopping. All this was to increase levels of 
fear and the same goes for the ‘ventilator shortage crisis’ that cost 
tens of millions for hastily produced ventilators never to be used. 


Ambulance crews that agreed to be exploited in this way for fear 
propaganda might find themselves a mirror. I wish them well with 
that. Empty hospitals were the obvious consequence of treatment 
and diagnoses of non-’Covid’ conditions cancelled and those 
involved handed a death sentence. People have been dying at home 
from undiagnosed and untreated cancer, heart disease and other life- 
threatening conditions to allow empty hospitals to deal with a 
‘pandemic’ that wasn’t happening. 


‘War-zones’ have been laying off nursing staff, even doctors where 
they can. There was no work for them. Lockdown was justified by 
saving lives and protecting the vulnerable they were actually killing 
with DNR orders and preventing empty hospitals being ‘overrun’. In 
Britain the mantra of stay at home to ‘save the NHS’ was everywhere 
and across the world the same story was being sold when it was all 
lies. Two California doctors, Dan Erickson and Artin Massihi at 
Accelerated Urgent Care in Bakersfield, held a news conference in 
April, 2020, to say that intensive care units in California were ‘empty, 
essentially’, with hospitals shutting floors, not treating patients and 
laying off doctors. The California health system was working at 
minimum capacity ‘getting rid of doctors because we just don’t have 
the volume’. They said that people with conditions such as heart 
disease and cancer were not coming to hospital out of fear of “Covid- 
19’. Their video was deleted by Susan Wojcicki’s Cult-owned 
YouTube after reaching five million views. Florida governor Ron 
Desantis, who rejected the severe lockdowns of other states and is 
being targeted for doing so, said that in March, 2020, every US 
governor was given models claiming they would run out of hospital 
beds in days. That was never going to happen and the ‘modellers’ 
knew it. Deceit can be found at every level of the system. Urgent 
children’s operations were cancelled including fracture repairs and 
biopsies to spot cancer. Eric Nicholls, a consultant paediatrician, said 
‘this is obviously concerning and we need to return to normal 
operating and to increase capacity as soon as possible’. Psychopaths 


in power were rather less concerned because they are psychopaths. 
Deletion of urgent care and diagnosis has been happening all over 
the world and how many kids and others have died as a result of the 
actions of these cold and heartless lunatics dictating ‘health’ policy? 
The number must be stratospheric. Richard Sullivan, professor of 
cancer and global health at King’s College London, said people 
feared “Covid’ more than cancer such was the campaign of fear. 
‘Years of lost life will be quite dramatic’, Sullivan said, with ‘a huge 
amount of avoidable mortality’. Sarah Woolnough, executive 
director for policy at Cancer Research UK, said there had been a 75 
percent drop in urgent referrals to hospitals by family doctors of 
people with suspected cancer. Sullivan said that ‘a lot of services 
have had to scale back — we’ve seen a dramatic decrease in the 
amount of elective cancer surgery’. Lockdown deaths worldwide has 
been absolutely fantastic with the New York Post reporting how data 
confirmed that ‘lockdowns end more lives than they save’: 


There was a sharp decline in visits to emergency rooms and an increase in fatal heart attacks 
because patients didn’t receive prompt treatment. Many fewer people were screened for 
cancer. Social isolation contributed to excess deaths from dementia and Alzheimer’s. 


Researchers predicted that the social and economic upheaval would lead to tens of thousands 
of “deaths of despair” from drug overdoses, alcoholism and suicide. As unemployment surged 
and mental-health and substance-abuse treatment programs were interrupted, the reported 
levels of anxiety, depression and suicidal thoughts increased dramatically, as did alcohol sales 
and fatal drug overdoses. 


This has been happening while nurses and other staff had so much 
time on their hands in the ‘war-zones’ that Tic-Tok dancing videos 
began appearing across the Internet with medical staff dancing 
around in empty wards and corridors as people died at home from 
causes that would normally have been treated in hospital. 


Mentions in dispatches 

One brave and truth-committed whistleblower was Louise 
Hampton, a call handler with the UK NHS who made a viral 
Internet video saying she had done ‘fuck all’ during the ‘pandemic’ 


which was ‘a load of bollocks’. She said that ‘Covid-19’ was 
rebranded flu and of course she lost her job. This is what happens in 
the medical and endless other professions now when you tell the 
truth. Louise filmed inside ‘war-zone’ accident and emergency 
departments to show they were empty and I mean empty as in no 
one there. The mainstream media could have done the same and 
blown the gaff on the whole conspiracy. They haven't to their eternal 
shame. Not that most ‘journalists’ seem capable of manifesting 
shame as with the psychopaths they slavishly repeat without 
question. The relative few who were admitted with serious health 
problems were left to die alone with no loved ones allowed to see 
them because of ‘Covid’ rules and they included kids dying without 
the comfort of mum and dad at their bedside while the evil behind 
this couldn’t give a damn. It was all good fun to them. A Scottish 
NHS staff nurse publicly quit in the spring of 2021 saying: ‘I can no 
longer be part of the lies and the corruption by the government.’ She 
said hospitals ‘aren’t full, the beds aren’t full, beds have been shut, 
wards have been shut’. Hospitals were never busy throughout 
‘Covid’. The staff nurse said that Nicola Sturgeon, tragically the 
leader of the Scottish government, was on television saying save the 
hospitals and the NHS — ‘but the beds are empty’ and ‘we've not 
seen flu, we always see flu every year’. She wrote to government and 
spoke with her union Unison (the unions are Cult-compromised and 
useless, but nothing changed. Many of her colleagues were scared of 
losing their jobs if they spoke out as they wanted to. She said 
nursing staff were being affected by wearing masks all day and ‘my 
head is splitting every shift from wearing a mask’. The NHS is part 
of the fascist tyranny and must be dismantled so we can start again 
with human beings in charge. (Ironically, hospitals were reported to 
be busier again when official “Covid’ cases fell in spring/summer of 
2021 and many other conditions required treatment at the same time 
as the fake vaccine rollout.) 

I will cover the ‘Covid vaccine’ scam in detail later, but it is 
another indicator of the sickening disregard for human life that Iam 
highlighting here. The DNA-manipulating concoctions do not fulfil 


the definition of a ‘vaccine’, have never been used on humans before 
and were given only emergency approval because trials were not 
completed and they continued using the unknowing public. The 
result was what a NHS senior nurse with responsibility for ‘vaccine’ 
procedure said was ‘genocide’. She said the ‘vaccines’ were not 
‘vaccines’. They had not been shown to be safe and claims about 
their effectiveness by drug companies were ‘poetic licence’. She 
described what was happening as a ‘horrid act of human 
annihilation’. The nurse said that management had instigated a 
policy of not providing a Patient Information Leaflet (PIL) before 
people were ‘vaccinated’ even though health care professionals are 
supposed to do this according to protocol. Patients should also be 
told that they are taking part in an ongoing clinical trial. Her 
challenges to what is happening had seen her excluded from 
meetings and ridiculed in others. She said she was told to “watch my 
step ... or I would find myself surplus to requirements’. The nurse, 
who spoke anonymously in fear of her career, said she asked her 
NHS manager why he/she was content with taking part in genocide 
against those having the ‘vaccines’. The reply was that everyone had 
to play their part and to ‘put up, shut up, and get it done’. 
Government was ‘leaning heavily’ on NHS management which was 
clearly leaning heavily on staff. This is how the global ‘medical’ 
hierarchy operates and it starts with the Cult and its World Health 
Organization. 

She told the story of a doctor who had the Pfizer jab and when 
questioned had no idea what was in it. The doctor had never read 
the literature. We have to stop treating doctors as intellectual giants 
when so many are moral and medical pygmies. The doctor did not 
even know that the ‘vaccines’ were not fully approved or that their 
trials were ongoing. They were, however, asking their patients if 
they minded taking part in follow-ups for research purposes — yes, 
the ongoing clinical trial. The nurse said the doctor’s ignorance was 
not rare and she had spoken to a hospital consultant who had the jab 
without any idea of the background or that the ‘trials’ had not been 
completed. Nurses and pharmacists had shown the same ignorance. 


‘My NHS colleagues have forsaken their duty of care, broken their 
code of conduct — Hippocratic Oath — and have been brainwashed 
just the same as the majority of the UK public through propaganda 
.... She said she had not been able to recruit a single NHS colleague, 
doctor, nurse or pharmacist to stand with her and speak out. Her 
union had refused to help. She said that if the genocide came to light 
she would not hesitate to give evidence at a Nuremberg-type trial 
against those in power who could have affected the outcomes but 
didn’t. 


To put the nonsense into perspective let’s say the ‘virus’ does exist 
and let’s go completely crazy and accept that the official 
manipulated figures for cases and deaths are accurate. Even then a 
study by Stanford University epidemiologist Dr John Ioannidis 
published on the World Health Organization website produced an 
average infection to fatality rate of ... 0.23 percent! Ioannidis said: ‘If 
one could sample equally from all locations globally, the median 
infection fatality rate might even be substantially lower than the 
0.23% observed in my analysis.’ For healthy people under 70 it was 
... 0.05 percent! This compares with the 3.4 percent claimed by the 
Cult-owned World Health Organization when the hoax was first 
played and maximum fear needed to be generated. An updated 
Stanford study in April, 2021, put the ‘infection’ to ‘fatality’ rate at 
just 0.15 percent. Another team of scientists led by Megan O'Driscoll 
and Henrik Salje studied data from 45 countries and published their 
findings on the Nature website. For children and young people the 
figure is so small it virtually does not register although authorities 
will be hyping dangers to the young when they introduce DNA- 
manipulating ‘vaccines’ for children. The O’Driscoll study produced 
an average infection-fatality figure of 0.003 for children from birth to 
four; 0.001 for 5 to 14; 0.003 for 15 to 19; and it was still only 0.456 up 
to 64. To claim that children must be ‘vaccinated’ to protect them 
from ‘Covid’ is an obvious lie and so there must be another reason 
and there is. What’s more the average age of a ‘Covid’ death is akin 


to the average age that people die in general. The average age of 
death in England is about 80 for men and 83 for women. The average 
age of death from alleged ‘Covid’ is between 82 and 83. California 
doctors, Dan Erickson and Artin Massihi, said at their April media 
conference that projection models of millions of deaths had been 
‘woefully inaccurate’. They produced detailed figures showing that 
Californians had a 0.03 chance of dying from ‘Covid’ based on the 
number of people who tested positive (with a test not testing for the 
‘virus’). Erickson said there was a 0.1 percent chance of dying from 
‘Covid’ in the state of New York, not just the city, and a 0.05 percent 
chance in Spain, a centre of ‘Covid-19 hysteria at one stage. The 
Stanford studies supported the doctors’ data with fatality rate 
estimates of 0.23 and 0.15 percent. How close are these figures to my 
estimate of zero? Death-rate figures claimed by the World Health 
Organization at the start of the hoax were some 15 times higher. The 
California doctors said there was no justification for lockdowns and 
the economic devastation they caused. Everything they had ever 
learned about quarantine was that you quarantine the sick and not 
the healthy. They had never seen this before and it made no medical 
sense. 


Why in the in the light of all this would governments and medical 
systems the world over say that billions must go under house arrest; 
lose their livelihood; in many cases lose their mind, their health and 
their life; force people to wear masks dangerous to health and 
psychology; make human interaction and even family interaction a 
criminal offence; ban travel; close restaurants, bars, watching live 
sport, concerts, theatre, and any activity involving human 
togetherness and discourse; and closing schools to isolate children 
from their friends and cause many to commit suicide in acts of 
hopelessness and despair? The California doctors said lockdown 
consequences included increased child abuse, partner abuse, 
alcoholism, depression, and other impacts they were seeing every 
day. Who would do that to the entire human race if not mentally-ill 
psychopaths of almost unimaginable extremes like Bill Gates? We 
must face the reality of what we are dealing with and come out of 


denial. Fascism and tyranny are made possible only by the target 
population submitting and acquiescing to fascism and tyranny. The 
whole of human history shows that to be true. Most people naively 
and unquestioning believed what they were told about a ‘deadly 
virus’ and meekly and weakly submitted to house arrest. Those who 
didn’t believe it — at least in total — still submitted in fear of the 
consequences of not doing so. For the rest who wouldn’t submit 
draconian fines have been imposed, brutal policing by psychopaths 
for psychopaths, and condemnation from the meek and weak who 
condemn the Pushbackers on behalf of the very force that has them, 
too, in its gunsights. ‘Pathetic’ does not even begin to suffice. 
Britain’s brainless ‘Health’ Secretary Matt Hancock warned anyone 
lying to border officials about returning from a list of ‘hotspot’ 
countries could face a jail sentence of up to ten years which is more 
than for racially-aggravated assault, incest and attempting to have 
sex with a child under 13. Hancock is a lunatic, but he has the state 
apparatus behind him in a Cult-led chain reaction and the same with 
UK “Vaccine Minister’ Nadhim Zahawi, a prominent member of the 
mega-Cult secret society, Le Cercle, which featured in my earlier 
books. The Cult enforces its will on governments and medical 
systems; government and medical systems enforce their will on 
business and police; business enforces its will on staff who enforce it 
on customers; police enforce the will of the Cult on the population 
and play their essential part in creating a world of fascist control that 
their own children and grandchildren will have to live in their entire 
lives. It is a hierarchical pyramid of imposition and acquiescence 
and, yes indeedy, of clinical insanity. 

Does anyone bright enough to read this book have to ask what the 
answer is? I think not, but I will reveal it anyway in the fewest of 
syllables: Tell the psychos and their moronic lackeys to fuck off and 
let’s get on with our lives. We are many — They are few. 


CHAPTER SEVEN 
War on your mind 


One believes things because one has been conditioned to believe 
them 
Aldous Huxley, Brave New World 


have described the ‘Covid’ hoax as a ‘Psyop’ and that is true in 

every sense and on every level in accordance with the definition of 
that term which is psychological warfare. Break down the ‘Covid 
pandemic’ to the foundation themes and it is psychological warfare 
on the human individual and collective mind. 

The same can be said for the entire human belief system involving 
every subject you can imagine. Huxley was right in his contention 
that people believe what they are conditioned to believe and this 
comes from the repetition throughout their lives of the same 
falsehoods. They spew from government, corporations, media and 
endless streams of ‘experts’ telling you what the Cult wants you to 
believe and often believing it themselves (although far from always). 
‘Experts’ are rewarded with ‘prestigious’ jobs and titles and as 
agents of perceptual programming with regular access to the media. 
The Cult has to control the narrative — control information — or they 
lose control of the vital, crucial, without-which-they-cannot-prevail 
public perception of reality. The foundation of that control today is 
the Internet made possible by the Defense Advanced Research 
Projects Agency (DARPA), the incredibly sinister technological arm 
of the Pentagon. The Internet is the result of military technology. 


DARPA openly brags about establishing the Internet which has been 
a long-term project to lasso the minds of the global population. I 
have said for decades the plan is to control information to such an 
extreme that eventually no one would see or hear anything that the 
Cult does not approve. We are closing in on that end with ferocious 
censorship since the ‘Covid’ hoax began and in my case it started 
back in the 1990s in terms of books and speaking venues. I had to 
create my own publishing company in 1995 precisely because no one 
else would publish my books even then. I think they’re all still 
running. 


Cult Internet 

To secure total control of information they needed the Internet in 
which pre-programmed algorithms can seek out ‘unclean’ content 
for deletion and even stop it being posted in the first place. The Cult 
had to dismantle print and non-Internet broadcast media to ensure 
the transfer of information to the appropriate-named ‘Web’ — a 
critical expression of the Cult web. We’ve seen the ever-quickening 
demise of traditional media and control of what is left by a tiny 
number of corporations operating worldwide. Independent 
journalism in the mainstream is already dead and never was that 
more obvious than since the turn of 2020. The Cult wants all 
information communicated via the Internet to globally censor and 
allow the plug to be pulled any time. Lockdowns and forced 
isolation has meant that communication between people has been 
through electronic means and no longer through face-to-face 
discourse and discussion. Cult psychopaths have targeted the bars, 
restaurants, sport, venues and meeting places in general for this 
reason. None of this is by chance and it’s to stop people gathering in 
any kind of privacy or number while being able to track and monitor 
all Internet communications and block them as necessary. Even 
private messages between individuals have been censored by these 
fascists that control Cult fronts like Facebook, Twitter, Google and 
YouTube which are all officially run by Sabbatian place-people and 
from the background by higher-level Sabbatian place people. 


Facebook, Google, Amazon and their like were seed-funded and 
supported into existence with money-no-object infusions of funds 
either directly or indirectly from DARPA and CIA technology arm 
In-Q-Tel. The Cult plays the long game and prepares very carefully 
for big plays like ‘Covid’. Amazon is another front in the 
psychological war and pretty much controls the global market in 
book sales and increasingly publishing. Amazon’s limitless funds 
have deleted fantastic numbers of independent publishers to seize 
global domination on the way to deciding which books can be sold 
and circulated and which cannot. Moves in that direction are already 
happening. Amazon’s leading light Jeff Bezos is the grandson of 
Lawrence Preston Gise who worked with DARPA predecessor 
ARPA. Amazon has big connections to the CIA and the Pentagon. 
The plan I have long described went like this: 


1. Employ military technology to establish the Internet. 


2. Sell the Internet as a place where people can freely communicate without censorship and 
allow that to happen until the Net becomes the central and irreversible pillar of human 
society. If the Internet had been highly censored from the start many would have rejected it. 


3. Fund and manipulate major corporations into being to control the circulation of 
information on your Internet using cover stories about geeks in garages to explain how they 
came about. Give them unlimited funds to expand rapidly with no need to make a profit for 
years while non-Cult companies who need to balance the books cannot compete. You know 
that in these circumstances your Googles, YouTubes, Facebooks and Amazons are going to 
secure near monopolies by either crushing or buying up the opposition. 


4. Allow freedom of expression on both the Internet and communication platforms to draw 
people in until the Internet is the central and irreversible pillar of human society and your 
communication corporations have reached a stage of near monopoly domination. 


5. Then unleash your always-planned frenzy of censorship on the basis of ‘where else are 
you going to go?’ and continue to expand that until nothing remains that the Cult does not 
want its human targets to see. 


The process was timed to hit the “Covid’ hoax to ensure the best 
chance possible of controlling the narrative which they knew they 
had to do at all costs. They were, after all, about to unleash a ‘deadly 
virus’ that didn’t really exist. If you do that in an environment of 
free-flowing information and opinion you would be dead in the 


water before you could say Gates is a psychopath. The network was 
in place through which the Cult-created-and-owned World Health 
Organization could dictate the ‘Covid’ narrative and response policy 
slavishly supported by Cult-owned Internet communication giants 
and mainstream media while those telling a different story were 
censored. Google, YouTube, Facebook and Twitter openly 
announced that they would do this. What else would we expect from 
Cult-owned operations like Facebook which former executives have 
confirmed set out to make the platform more addictive than 
cigarettes and coldly manipulates emotions of its users to sow 
division between people and groups and scramble the minds of the 
young? If Zuckerberg lives out the rest of his life without going to 
jail for crimes against humanity, and most emphatically against the 
young, it will be a travesty of justice. Still, no matter, cause and effect 
will catch up with him eventually and the same with Sergey Brin 
and Larry Page at Google with its CEO Sundar Pichai who fix the 
Google search results to promote Cult narratives and hide the 
opposition. Put the same key words into Google and other search 
engines like DuckDuckGo and you will see how different results can 
be. Wikipedia is another intensely biased ‘encyclopaedia’ which 
skews its content to the Cult agenda. YouTube links to Wikipedia’s 
version of ‘Covid’ and ‘climate change’ on video pages in which 
experts in their field offer a different opinion (even that is 
increasingly rare with Wojcicki censorship). Into this “Covid’ silence- 
them network must be added government media censors, sorry 
‘regulators’, such as Ofcom in the UK which imposed tyrannical 
restrictions on British broadcasters that had the effect of banning me 
from ever appearing. Just to debate with me about my evidence and 
views on ‘Covid’ would mean breaking the fascistic impositions of 
Ofcom and its CEO career government bureaucrat Melanie Dawes. 
Gutless British broadcasters tremble at the very thought of fascist 
Ofcom. 


The reason for the ‘Covid’ catastrophe in all its facets and forms can 
be seen by whom and what is driving the policies worldwide in such 
a coordinated way. Decisions are not being made to protect health, 
but to target psychology. The dominant group guiding and 
‘advising’ government policy are not medical professionals. They are 
psychologists and behavioural scientists. Every major country has its 
own version of this phenomenon and I'll use the British example to 
show how it works. In many ways the British version has been 
affecting the wider world in the form of the huge behaviour 
manipulation network in the UK which operates in other countries. 
The network involves private companies, government, intelligence 
and military. The Cabinet Office is at the centre of the government 
‘Covid’ Psyop and part-owns, with ‘innovation charity’ Nesta, the 
Behavioural Insights Team (BIT) which claims to be independent of 
government but patently isn’t. The BIT was established in 2010 and 
its job is to manipulate the psyche of the population to acquiesce to 
government demands and so much more. It is also known as the 
‘Nudge Unit’, a name inspired by the 2009 book by two ultra- 
Zionists, Cass Sunstein and Richard Thaler, called Nudge: Improving 
Decisions About Health, Wealth, and Happiness. The book, as with the 
Behavioural Insights Team, seeks to ‘nudge’ behaviour (manipulate 
it) to make the public follow patterns of action and perception that 
suit those in authority (the Cult). Sunstein is so skilled at this that he 
advises the World Health Organization and the UK Behavioural 
Insights Team and was Administrator of the White House Office of 
Information and Regulatory Affairs in the Obama administration. 
Biden appointed him to the Department of Homeland Security — 
another ultra-Zionist in the fold to oversee new immigration laws 
which is another policy the Cult wants to control. Sunstein is 
desperate to silence anyone exposing conspiracies and co-authored a 
2008 report on the subject in which suggestions were offered to ban 
‘conspiracy theorizing’ or impose ‘some kind of tax, financial or 
otherwise, on those who disseminate such theories’. I guess a 
psychiatrist’s chair is out of the question? 


Sunstein’s mate Richard Thaler, an ‘academic affiliate’ of the UK 
Behavioural Insights Team, is a proponent of ‘behavioural 
economics’ which is defined as the study of ‘the effects of 
psychological, cognitive, emotional, cultural and social factors on the 
decisions of individuals and institutions’. Study the effects so they 
can be manipulated to be what you want them to be. Other leading 
names in the development of behavioural economics are ultra- 
Zionists Daniel Kahneman and Robert J. Shiller and they, with 
Thaler, won the Nobel Memorial Prize in Economic Sciences for their 
work in this field. The Behavioural Insights Team is operating at the 
heart of the UK government and has expanded globally through 
partnerships with several universities including Harvard, Oxford, 
Cambridge, University College London (UCL) and Pennsylvania. 
They claim to have ‘trained’ (reframed) 20,000 civil servants and run 
more than 750 projects involving 400 randomised controlled trials in 
dozens of countries’ as another version of mind reframers Common 
Purpose. BIT works from its office in New York with cities and their 
agencies, as well as other partners, across the United States and 
Canada — this is a company part-owned by the British government 
Cabinet Office. An executive order by President Cult-servant Obama 
established a US Social and Behavioral Sciences Team in 2015. They 
all have the same reason for being and that’s to brainwash the 
population directly and by brainwashing those in positions of 
authority. 


‘Covid’ mind game 

Another prime aspect of the UK mind-control network is the 
‘independent’ [joke] Scientific Pandemic Insights Group on 
Behaviours (SPI-B) which ‘provides behavioural science advice 
aimed at anticipating and helping people adhere to interventions 
that are recommended by medical or epidemiological experts’. That 
means manipulating public perception and behaviour to do 
whatever government tells them to do. It’s disgusting and if they 
really want the public to be ‘safe’ this lot should all be under lock 
and key. According to the government website SPI-B consists of 


‘behavioural scientists, health and social psychologists, 
anthropologists and historians’ and advises the Whitty-Vallance-led 
Scientific Advisory Group for Emergencies (SAGE) which in turn 
advises the government on ‘the science’ (it doesn’t) and ‘Covid’ 
policy. When politicians say they are being guided by ‘the science’ 
this is the rabble in each country they are talking about and that 
‘science’ is dominated by behaviour manipulators to enforce 
government fascism through public compliance. The Behaviour 
Insight Team is headed by psychologist David Solomon Halpern, a 
visiting professor at King’s College London, and connects with a 
national and global web of other civilian and military organisations 
as the Cult moves towards its goal of fusing them into one fascistic 
whole in every country through its ‘Fusion Doctrine’. The behaviour 
manipulation network involves, but is not confined to, the Foreign 
Office; National Security Council; government communications 
headquarters (GCHQ); MI5; MI6; the Cabinet Office-based Media 
Monitoring Unit; and the Rapid Response Unit which ‘monitors 
digital trends to spot emerging issues; including misinformation and 
disinformation; and identifies the best way to respond’. 

There is also the 77th Brigade of the UK military which operates 
like the notorious Israeli military’s Unit 8200 in manipulating 
information and discussion on the Internet by posing as members of 
the public to promote the narrative and discredit those who 
challenge it. Here we have the military seeking to manipulate 
domestic public opinion while the Nazis in government are fine with 
that. Conservative Member of Parliament Tobias Ellwood, an 
advocate of lockdown and control through ‘vaccine passports’, is a 
Lieutenant Colonel reservist in the 77th Brigade which connects with 
the military operation jHub, the ‘innovation centre’ for the Ministry 
of Defence and Strategic Command. jHub has also been involved 
with the civilian National Health Service (NHS) in ‘symptom 
tracing’ the population. The NHS is a key part of this mind control 
network and produced a document in December, 2020, explaining to 
staff how to use psychological manipulation with different groups 
and ages to get them to have the DNA-manipulating ‘Covid vaccine’ 


that’s designed to cumulatively rewrite human genetics. The 
document, called ‘Optimising Vaccination Roll Out — Do’s and Dont’s 
for all messaging, documents and “communications” in the widest 
sense’, was published by NHS England and the NHS Improvement 
Behaviour Change Unit in partnership with Public Health England 
and Warwick Business School. I hear the mantra about ‘save the 
NHS’ and ‘protect the NHS’ when we need to scrap the NHS and 
start again. The current version is far too corrupt, far too anti-human 
and totally compromised by Cult operatives and their assets. UK 
government broadcast media censor Ofcom will connect into this 
web — as will the BBC with its tremendous Ofcom influence — to 
control what the public see and hear and dictate mass perception. 
Nuremberg trials must include personnel from all these 
organisations. 


The fear factor 

The ‘Covid’ hoax has led to the creation of the UK Cabinet Office- 
connected Joint Biosecurity Centre (JBC) which is officially described 
as providing ‘expert advice on pandemics’ using its independent [all 
Cult operations are ‘independent’] analytical function to provide 
real-time analysis about infection outbreaks to identify and respond 
to outbreaks of Covid-19’. Another role is to advise the government 
on a response to spikes in infections — ‘for example by closing 
schools or workplaces in local areas where infection levels have 
risen’. Put another way, promoting the Cult agenda. The Joint 
Biosecurity Centre is modelled on the Joint Terrorism Analysis 
Centre which analyses intelligence to set ‘terrorism threat levels’ and 
here again you see the fusion of civilian and military operations and 
intelligence that has led to military intelligence producing 
documents about ‘vaccine hesitancy’ and how it can be combated. 
Domestic civilian matters and opinions should not be the business of 
the military. The Joint Biosecurity Centre is headed by Tom Hurd, 
director general of the Office for Security and Counter-Terrorism 
from the establishment-to-its-fingertips Hurd family. His father is 
former Foreign Secretary Douglas Hurd. How coincidental that Tom 


Hurd went to the elite Eton College and Oxford University with 
Boris Johnson. Imperial College with its ridiculous computer 
modeller Neil Ferguson will connect with this gigantic web that will 
itself interconnect with similar set-ups in other major and not so 
major countries. Compared with this Cult network the politicians, be 
they Boris Johnson, Donald Trump or Joe Biden, are bit-part players 
‘following the science’. The network of psychologists was on the 
‘Covid’ case from the start with the aim of generating maximum fear 
of the ‘virus’ to ensure compliance by the population. A government 
behavioural science group known as SPI-B produced a paper in 
March, 2020, for discussion by the main government science 
advisory group known as SAGE. It was headed ‘Options for 
increasing adherence to social distancing measures’ and it said the 
following in a section headed ‘Persuasion’: 


e A substantial number of people still do not feel sufficiently 
personally threatened; it could be that they are reassured by the 
low death rate in their demographic group, although levels of 
concern may be rising. Having a good understanding of the risk 
has been found to be positively associated with adoption of 
COVID-19 social distancing measures in Hong Kong. 


e The perceived level of personal threat needs to be increased 
among those who are complacent, using hard-hitting evaluation 
of options for increasing social distancing emotional messaging. 
To be effective this must also empower people by making clear 
the actions they can take to reduce the threat. 


¢ Responsibility to others: There seems to be insufficient 
understanding of, or feelings of responsibility about, people’s role 
in transmitting the infection to others ... Messaging about actions 
need to be framed positively in terms of protecting oneself and 
the community, and increase confidence that they will be effective. 


¢ Some people will be more persuaded by appeals to play by the 
rules, some by duty to the community, and some to personal risk. 


All these different approaches are needed. The messaging also 
needs to take account of the realities of different people’s lives. 
Messaging needs to take account of the different motivational 
levers and circumstances of different people. 


All this could be achieved the SPI-B psychologists said by using the 
media to increase the sense of personal threat which translates as terrify 
the shit out of the population, including children, so they all do what 
we want. That’s not happened has it? Those excuses for ‘journalists’ 
who wouldn’t know journalism if it bit them on the arse (the great 
majority) have played their crucial part in serving this Cult- 
government Psyop to enslave their own kids and grandkids. How 
they live with themselves I have no idea. The psychological war has 
been underpinned by constant government ‘Covid’ propaganda in 
almost every television and radio ad break, plus the Internet and 
print media, which has pounded out the fear with taxpayers footing 
the bill for their own programming. The result has been people 
terrified of a ‘virus’ that doesn’t exist or one with a tiny fatality rate 
even if you believe it does. People walk down the street and around 
the shops wearing face-nappies damaging their health and 
psychology while others report those who refuse to be that naive to 
the police who turn up in their own face-nappies. I had a cameraman 
come to my flat and he was so frightened of ‘Covid’ he came in 
wearing a mask and refused to shake my hand in case he caught 
something. He had — naiveitis — and the thought that he worked in 
the mainstream media was both depressing and made his behaviour 
perfectly explainable. The fear which has gripped the minds of so 
many and frozen them into compliance has been carefully cultivated 
by these psychologists who are really psychopaths. If lives get 
destroyed and a lot of young people commit suicide it shows our 
plan is working. SPI-B then turned to compulsion on the public to 
comply. ‘With adequate preparation, rapid change can be achieved’, 
it said. Some countries had introduced mandatory self-isolation on a 
wide scale without evidence of major public unrest and a large 
majority of the UK’s population appeared to be supportive of more 
coercive measures with 64 percent of adults saying they would 


support putting London under a lockdown (watch the ‘polls’ which 
are designed to make people believe that public opinion is in favour 
or against whatever the subject in hand). 


For ‘aggressive protective measures’ to be effective, the SPI-B 
paper said, special attention should be devoted to those population 
groups that are more at risk. Translated from the Orwellian this 
means making the rest of population feel guilty for not protecting 
the ‘vulnerable’ such as old people which the Cult and its agencies 
were about to kill on an industrial scale with lockdown, lack of 
treatment and the Gates ‘vaccine’. Psychopath psychologists sold 
their guilt-trip so comprehensively that Los Angeles County 
Supervisor Hilda Solis reported that children were apologising (from 
a distance) to their parents and grandparents for bringing ‘Covid’ 
into their homes and getting them sick. ‘... These apologies are just 
some of the last words that loved ones will ever hear as they die 
alone,’ she said. Gut-wrenchingly Solis then used this childhood 
tragedy to tell children to stay at home and ‘keep your loved ones 
alive’. Imagine heaping such potentially life-long guilt on a kid when 
it has absolutely nothing to do with them. These people are deeply 
disturbed and the psychologists behind this even more so. 


Uncivil war — divide and rule 

Professional mind-controllers at SPI-B wanted the media to increase 
a sense of responsibility to others (do as you're told) and promote 
‘positive messaging’ for those actions while in contrast to invoke 
‘social disapproval’ by the unquestioning, obedient, community of 
anyone with a mind of their own. Again the compliant Goebbels-like 
media obliged. This is an old, old, trick employed by tyrannies the 
world over throughout human history. You get the target population 
to keep the target population in line — your line. SPI-B said this could 
‘play an important role in preventing anti-social behaviour or 
discouraging failure to enact pro-social behaviour’. For ‘anti-social’ 
in the Orwellian parlance of SPI-B see any behaviour that 
government doesn’t approve. SPI-B recommendations said that 
‘social disapproval’ should be accompanied by clear messaging and 


promotion of strong collective identity — hence the government and 
celebrity mantra of ‘we're all in this together’. Sure we are. The mind 
doctors have such contempt for their targets that they think some 
clueless comedian, actor or singer telling them to do what the 
government wants will be enough to win them over. We have had 
UK comedian Lenny Henry, actor Michael Caine and singer Elton 
John wheeled out to serve the propagandists by urging people to 
have the DNA-manipulating “Covid’ non-’vaccine’. The role of 
Henry and fellow black celebrities in seeking to coax a ‘vaccine’ 
reluctant black community into doing the government's will was 
especially stomach-turning. An emotion-manipulating script and 
carefully edited video featuring these black ‘celebs’ was such an 
insult to the intelligence of black people and where’s the self-respect 
of those involved selling their souls to a fascist government agenda? 
Henry said he heard black people’s ‘legitimate worries and 
concerns’, but people must “trust the facts’ when they were doing 
exactly that by not having the ‘vaccine’. They had to include the 
obligatory reference to Black Lives Matter with the line ... ‘Don’t let 
coronavirus cost even more black lives — because we matter’. My 
god, it was pathetic. ‘I know the vaccine is safe and what it does.’ 
How? ‘I’m a comedian and it says so in my script.’ 


SPI-B said social disapproval needed to be carefully managed to 
avoid victimisation, scapegoating and misdirected criticism, but they 
knew that their ‘recommendations’ would lead to exactly that and 
the media were specifically used to stir-up the divide-and-conquer 
hostility. Those who conform like good little baa, baas, are praised 
while those who have seen through the tidal wave of lies are 
‘Covidiots’. The awake have been abused by the fast asleep for not 
conforming to fascism and impositions that the awake know are 
designed to endanger their health, dehumanise them, and tear 
asunder the very fabric of human society. We have had the curtain- 
twitchers and morons reporting neighbours and others to the face- 
nappied police for breaking ‘Covid rules’ with fascist police 
delighting in posting links and phone numbers where this could be 
done. The Cult cannot impose its will without a compliant police 


and military or a compliant population willing to play their part in 
enslaving themselves and their kids. The words of a pastor in Nazi 
Germany are so appropriate today: 


First they came for the socialists and | did not speak out because | was not a socialist. 


Then they came for the trade unionists and | did not speak out because | was not a trade 
unionist. 


Then they came for the Jews and | did not speak out because | was not a Jew. 


Then they came for me and there was no one left to speak for me. 


Those who don’t learn from history are destined to repeat it and so 
many are. 


‘Covid' rules: Rewiring the mind 

With the background laid out to this gigantic national and global 
web of psychological manipulation we can put ‘Covid’ rules into a 
clear and sinister perspective. Forget the claims about protecting 
health. ‘Covid’ rules are about dismantling the human mind, 
breaking the human spirit, destroying self-respect, and then putting 
Humpty Dumpty together again as a servile, submissive slave. Social 
isolation through lockdown and distancing have devastating effects 
on the human psyche as the psychological psychopaths well know 
and that’s the real reason for them. Humans need contact with each 
other, discourse, closeness and touch, or they eventually, and 
literarily, go crazy. Masks, which I will address at some length, 
fundamentally add to the effects of isolation and the Cult agenda to 
dehumanise and de-individualise the population. To do this while 
knowing — in fact seeking — this outcome is the very epitome of evil 
and psychologists involved in this are the epitome of evil. They must 
like all the rest of the Cult demons and their assets stand trial for 
crimes against humanity on a scale that defies the imagination. 
Psychopaths in uniform use isolation to break enemy troops and 
agents and make them subservient and submissive to tell what they 
know. The technique is rightly considered a form of torture and 


torture is most certainly what has been imposed on the human 
population. 

Clinically-insane American psychologist Harry Harlow became 
famous for his isolation experiments in the 1950s in which he 
separated baby monkeys from their mothers and imprisoned them 
for months on end in a metal container or ‘pit of despair’. They soon 
began to show mental distress and depression as any idiot could 
have predicted. Harlow put other monkeys in steel chambers for 
three, six or twelve months while denying them any contact with 
animals or humans. He said that the effects of total social isolation 
for six months were ‘so devastating and debilitating that we had 
assumed initially that twelve months of isolation would not produce 
any additional decrement’; but twelve months of isolation ‘almost 
obliterated the animals socially’. This is what the Cult and its 
psychopaths are doing to you and your children. Even monkeys in 
partial isolation in which they were not allowed to form 
relationships with other monkeys became ‘aggressive and hostile, 
not only to others, but also towards their own bodies’. We have seen 
this in the young as a consequence of lockdown. UK government 
psychopaths launched a public relations campaign telling people not 
to hug each other even after they received the ‘Covid-19 vaccine’ 
which we were told with more lies would allow a return to ‘normal 
life’. A government source told The Telegraph: ‘It will be along the 
lines that it is great that you have been vaccinated, but if you are 
going to visit your family and hug your grandchildren there is a 
chance you are going to infect people you love.’ The source was 
apparently speaking from a secure psychiatric facility. Janet Lord, 
director of Birmingham University’s Institute of Inflammation and 
Ageing, said that parents and grandparents should avoid hugging 
their children. Well, how can I put it, Ms Lord? Fuck off. Yep, that'll 
do. 


Destroying the kids — where are the parents? 
Observe what has happened to people enslaved and isolated by 
lockdown as suicide and self-harm has soared worldwide, 


particularly among the young denied the freedom to associate with 
their friends. A study of 49,000 people in English-speaking countries 
concluded that almost half of young adults are at clinical risk of 
mental health disorders. A national survey in America of 1,000 
currently enrolled high school and college students found that 5 
percent reported attempting suicide during the pandemic. Data from 
the US CDC’s National Syndromic Surveillance Program from 
January 1st to October 17th, 2020, revealed a 31 percent increase in 
mental health issues among adolescents aged 12 to 17 compared 
with 2019. The CDC reported that America in general suffered the 
biggest drop in life expectancy since World War Two as it fell by a 
year in the first half of 2020 as a result of ‘deaths of despair’ — 
overdoses and suicides. Deaths of despair have leapt by more than 
20 percent during lockdown and include the highest number of fatal 
overdoses ever recorded in a single year — 81,000. Internet addiction 
is another consequence of being isolated at home which lowers 
interest in physical activities as kids fall into inertia and what's the 
point? Children and young people are losing hope and giving up on 
life, sometimes literally. A 14-year-old boy killed himself in 
Maryland because he had ‘given up’ when his school district didn’t 
reopen; an 11-year-old boy shot himself during a zoom class; a 
teenager in Maine succumbed to the isolation of the ‘pandemic’ 
when he ended his life after experiencing a disrupted senior year at 
school. Children as young as nine have taken their life and all these 
stories can be repeated around the world. Careers are being 
destroyed before they start and that includes those in sport in which 
promising youngsters have not been able to take part. The plan of 
the psycho-psychologists is working all right. Researchers at 
Cambridge University found that lockdowns cause significant harm 
to children’s mental health. Their study was published in the 
Archives of Disease in Childhood, and followed 168 children aged 
between 7 and 11. The researchers concluded: 


During the UK lockdown, children’s depression symptoms have increased substantially, 
relative to before lockdown. The scale of this effect has direct relevance for the continuation 
of different elements of lockdown policy, such as complete or partial school closures ... 


... Specifically, we observed a statistically significant increase in ratings of depression, with a 
medium-to-large effect size. Our findings emphasise the need to incorporate the potential 
impact of lockdown on child mental health in planning the ongoing response to the global 
pandemic and the recovery from it. 


Not a chance when the Cult’s psycho-psychologists were getting 
exactly what they wanted. The UK’s Royal College of Paediatrics and 
Child Health has urged parents to look for signs of eating disorders 
in children and young people after a three to four fold increase. 
Specialists say the ‘pandemic’ is a major reason behind the rise. You 
don’t say. The College said isolation from friends during school 
closures, exam cancellations, loss of extra-curricular activities like 
sport, and an increased use of social media were all contributory 
factors along with fears about the virus (psycho-psychologists 
again), family finances, and students being forced to quarantine. 
Doctors said young people were becoming severely ill by the time 
they were seen with ‘Covid’ regulations reducing face-to-face 
consultations. Nor is it only the young that have been devastated by 
the psychopaths. Like all bullies and cowards the Cult is targeting 
the young, elderly, weak and infirm. A typical story was told by a 
British lady called Lynn Parker who was not allowed to visit her 
husband in 2020 for the last ten and half months of his life ‘when he 
needed me most’ between March 20th and when he died on 
December 19th. This vacates the criminal and enters the territory of 
evil. The emotional impact on the immune system alone is immense 
as are the number of people of all ages worldwide who have died as 
a result of Cult-demanded, Gates-demanded, lockdowns. 


Isolation is torture 


The experience of imposing solitary confinement on millions of 
prisoners around the world has shown how a large percentage 
become ‘actively psychotic and/or acutely suicidal’. Social isolation 
has been found to trigger ‘a specific psychiatric syndrome, 
characterized by hallucinations; panic attacks; overt paranoia; 
diminished impulse control; hypersensitivity to external stimuli; and 
difficulties with thinking, concentration and memory’. Juan Mendez, 


a United Nations rapporteur (investigator), said that isolation is a 
form of torture. Research has shown that even after isolation 
prisoners find it far more difficult to make social connections and I 
remember chatting to a shop assistant after one lockdown who told 
me that when her young son met another child again he had no idea 
how to act or what to do. Hannah Flanagan, Director of Emergency 
Services at Journey Mental Health Center in Dane County, 
Wisconsin, said: ‘The specificity about Covid social distancing and 
isolation that we’ve come across as contributing factors to the 
suicides are really new to us this year.’ But they are not new to those 
that devised them. They are getting the effect they want as the 
population is psychologically dismantled to be rebuilt in a totally 
different way. Children and the young are particularly targeted. 
They will be the adults when the full-on fascist Al-controlled 
technocracy is planned to be imposed and they are being prepared 
to meekly submit. At the same time older people who still have a 
memory of what life was like before — and how fascist the new 
normal really is — are being deleted. You are going to see efforts to 
turn the young against the old to support this geriatric genocide. 
Hannah Flanagan said the big increase in suicide in her county 
proved that social isolation is not only harmful, but deadly. Studies 
have shown that isolation from others is one of the main risk factors 
in suicide and even more so with women. Warnings that lockdown 
could create a ‘perfect storm’ for suicide were ignored. After all this 
was one of the reasons for lockdown. Suicide, however, is only the 
most extreme of isolation consequences. There are many others. Dr 
Dhruv Khullar, assistant professor of healthcare policy at Weill 
Cornell Medical College, said in a New York Times article in 2016 long 
before the fake ‘pandemic’: 


A wave of new research suggests social separation is bad for us. Individuals with less social 
connection have disrupted sleep patterns, altered immune systems, more inflammation and 
higher levels of stress hormones. One recent study found that isolation increases the risk of 
heart disease by 29 percent and stroke by 32 percent. Another analysis that pooled data from 
70 studies and 3.4 million people found that socially isolated individuals had a 30 percent 
higher risk of dying in the next seven years, and that this effect was largest in middle age. 


Loneliness can accelerate cognitive decline in older adults, and isolated individuals are twice 
as likely to die prematurely as those with more robust social interactions. These effects start 
early: Socially isolated children have significantly poorer health 20 years later, even after 
controlling for other factors. All told, loneliness is as important a risk factor for early death as 
obesity and smoking. 


There you have proof from that one article alone four years before 
2020 that those who have enforced lockdown, social distancing and 
isolation knew what the effect would be and that is even more so 
with professional psychologists that have been driving the policy 
across the globe. We can go back even further to the years 2000 and 
2003 and the start of a major study on the effects of isolation on 
health by Dr Janine Gronewold and Professor Dirk M. Hermann at 
the University Hospital in Essen, Germany, who analysed data on 
4,316 people with an average age of 59 who were recruited for the 
long-term research project. They found that socially isolated people 
are more than 40 percent more likely to have a heart attack, stroke, 
or other major cardiovascular event and nearly 50 percent more 
likely to die from any cause. Given the financial Armageddon 
unleashed by lockdown we should note that the study found a 
relationship between increased cardiovascular risk and lack of 
financial support. After excluding other factors social isolation was 
still connected to a 44 percent increased risk of cardiovascular 
problems and a 47 percent increased risk of death by any cause. Lack 
of financial support was associated with a 30 percent increase in the 
risk of cardiovascular health events. Dr Gronewold said it had been 
known for some time that feeling lonely or lacking contact with close 
friends and family can have an impact on physical health and the 
study had shown that having strong social relationships is of high 
importance for heart health. Gronewold said they didn’t understand 
yet why people who are socially isolated have such poor health 
outcomes, but this was obviously a worrying finding, particularly 
during these times of prolonged social distancing. Well, it can be 
explained on many levels. You only have to identify the point in the 
body where people feel loneliness and missing people they are 
parted from — it’s in the centre of the chest where they feel the ache 
of loneliness and the ache of missing people. ‘My heart aches for 


you’ ... ‘My heart aches for some company.’ I will explain this more 
in the chapter Escaping Wetiko, but when you realise that the body 
is the mind — they are expressions of each other — the reason why 
state of the mind dictates state of the body becomes clear. 


American psychologist Ranjit Powar was highlighting the effects 
of lockdown isolation as early as April, 2020. She said humans have 
evolved to be social creatures and are wired to live in interactive 
groups. Being isolated from family, friends and colleagues could be 
unbalancing and traumatic for most people and could result in short 
or even long-term psychological and physical health problems. An 
increase in levels of anxiety, aggression, depression, forgetfulness 
and hallucinations were possible psychological effects of isolation. 
‘Mental conditions may be precipitated for those with underlying 
pre-existing susceptibilities and show up in many others without 
any pre-condition.” Powar said personal relationships helped us cope 
with stress and if we lost this outlet for letting off steam the result 
can be a big emotional void which, for an average person, was 
difficult to deal with. ‘Just a few days of isolation can cause 
increased levels of anxiety and depression’ — so what the hell has 
been the effect on the global population of 18 months of this at the 
time of writing? Powar said: ‘Add to it the looming threat of a 
dreadful disease being repeatedly hammered in through the media 
and you have a recipe for many shades of mental and physical 
distress.’ For those with a house and a garden it is easy to forget that 
billions have had to endure lockdown isolation in tiny overcrowded 
flats and apartments with nowhere to go outside. The psychological 
and physical consequences of this are unimaginable and with lunatic 
and abusive partners and parents the consequences have led to 
tremendous increases in domestic and child abuse and alcoholism as 
people seek to shut out the horror. Ranjit Powar said: 


Staying in a confined space with family is not all a rosy picture for everyone. It can be 
extremely oppressive and claustrophobic for large low-income families huddled together in 
small single-room houses. Children here are not lucky enough to have many board/electronic 
games or books to keep them occupied. 


Add to it the deep insecurity of running out of funds for food and basic necessities. On the 
other hand, there are people with dysfunctional family dynamics, such as domineering, 
abusive or alcoholic partners, siblings or parents which makes staying home a period of trial. 
Incidence of suicide and physical abuse against women has shown a worldwide increase. 
Heightened anxiety and depression also affect a person’s immune system, making them more 
susceptible to illness. 


To think that Powar’s article was published on April 11th, 2020. 


Six-feet fantasy 

Social (unsocial) distancing demanded that people stay six feet or 
two metres apart. UK government advisor Robert Dingwall from the 
New and Emerging Respiratory Virus Threats Advisory Group said 
in a radio interview that the two-metre rule was ‘conjured up out of 
nowhere’ and was not based on science. No, it was not based on 
medical science, but it didn’t come out of nowhere. The distance 
related to psychological science. Six feet/two metres was adopted in 
many countries and we were told by people like the criminal 
Anthony Fauci and his ilk that it was founded on science. Many 
schools could not reopen because they did not have the space for six- 
feet distancing. Then in March, 2021, after a year of six-feet ‘science’, 
a study published in the Journal of Infectious Diseases involving more 
than 500,000 students and almost 100,000 staff over 16 weeks 
revealed no significant difference in “‘Covid’ cases between six feet 
and three feet and Fauci changed his tune. Now three feet was okay. 
There is no difference between six feet and three inches when there is 
no ‘virus’ and they got away with six feet for psychological reasons 
for as long as they could. I hear journalists and others talk about 
‘unintended consequences’ of lockdown. They are not unintended at 
all; they have been coldly-calculated for a specific outcome of human 
control and that’s why super-psychopaths like Gates have called for 
them so vehemently. Super-psychopath psychologists have 
demanded them and psychopathic or clueless, spineless, politicians 
have gone along with them by ‘following the science’. But it’s not 
science at all. ‘Science’ is not what is; it’s only what people can be 
manipulated to believe it is. The whole ‘Covid’ catastrophe is 


founded on mind control. Three word or three statement mantras 
issued by the UK government are a well-known mind control 
technique and so we’ve had ‘Stay home/protect the NHS/save lives’, 
‘Stay alert/control the virus/save lives’ and ‘hands/face/space’. One 
of the most vocal proponents of extreme ‘Covid’ rules in the UK has 
been Professor Susan Michie, a member of the British Communist 
Party, who is not a medical professional. Michie is the director of the 
Centre for Behaviour Change at University College London. She is a 
behavioural psychologist and another filthy rich ‘Marxist’ who praised 
China’s draconian lockdown. She was known by fellow students at 
Oxford University as ‘Stalin’s nanny’ for her extreme Marxism. 
Michie is an influential member of the UK government’s Scientific 
Advisory Group for Emergencies (SAGE) and behavioural 
manipulation groups which have dominated ‘Covid’ policy. She is a 
consultant adviser to the World Health Organization on ‘Covid-19’ 
and behaviour. Why the hell are lockdowns anything to do with her 
when they are claimed to be about health? Why does a behavioural 
psychologist from a group charged with changing the behaviour of 
the public want lockdown, human isolation and mandatory masks? 
Does that question really need an answer? Michie absolutely has to 
explain herself before a Nuremberg court when humanity takes back 
its world again and even more so when you see the consequences of 
masks that she demands are compulsory. This is a Michie classic: 


The benefits of getting primary school children to wear masks is that regardless of what little 
degree of transmission is occurring in those age groups it could help normalise the practice. 
Young children wearing masks may be more likely to get their families to accept masks. 


Those words alone should carry a prison sentence when you 
ponder on the callous disregard for children involved and what a 
statement it makes about the mind and motivations of Susan Michie. 
What a lovely lady and what she said there encapsulates the 
mentality of the psychopaths behind the ‘Covid’ horror. Let us 
compare what Michie said with a countrywide study in Germany 
published at researchsquare.com involving 25,000 school children 
and 17,854 health complaints submitted by parents. Researchers 


found that masks are harming children physically, psychologically, 
and behaviourally with 24 health issues associated with mask 
wearing. They include: shortness of breath (29.7%); dizziness 
(26.4%); increased headaches (53%); difficulty concentrating (50%); 
drowsiness or fatigue (37%); and malaise (42%). Nearly a third of 
children experienced more sleep issues than before and a quarter 
developed new fears. Researchers found health issues and other 
impairments in 68 percent of masked children covering their faces 
for an average of 4.5 hours a day. Hundreds of those taking part 
experienced accelerated respiration, tightness in the chest, weakness, 
and short-term impairment of consciousness. A reminder of what 
Michie said again: 


The benefits of getting primary school children to wear masks is that regardless of what little 
degree of transmission is occurring in those age groups it could help normalise the practice. 
Young children wearing masks may be more likely to get their families to accept masks. 


Psychopaths in government and psychology now have children and 
young people — plus all the adults — wearing masks for hours on end 
while clueless teachers impose the will of the psychopaths on the 
young they should be protecting. What the hell are parents doing? 


We have some schools already imposing on students microchipped 
buzzers that activate when they get ‘too close’ to their pals in the 
way they do with lab rats. How apt. To the Cult and its brain-dead 
servants our children are lab rats being conditioned to be 
unquestioning, dehumanised slaves for the rest of their lives. 
Children and young people are being weaned and frightened away 
from the most natural human instincts including closeness and 
touch. I have tracked in the books over the years how schools were 
banning pupils from greeting each other with a hug and the whole 
Cult-induced Me Too movement has terrified men and boys from a 
relaxed and natural interaction with female friends and work 
colleagues to the point where many men try never to be in a room 


alone with a woman that’s not their partner. Airhead celebrities have 
as always played their virtue-signalling part in making this happen 
with their gross exaggeration. For every monster like Harvey 
Weinstein there are at least tens of thousands of men that don’t treat 
women like that; but everyone must be branded the same and policy 
changed for them as well as the monster. Iam going to be using the 
word ‘dehumanise’ many times in this chapter because that is what 
the Cult is seeking to do and it goes very deep as we shall see. Don’t 
let them kid you that social distancing is planned to end one day. 
That’s not the idea. We are seeing more governments and companies 
funding and producing wearable gadgets to keep people apart and 
they would not be doing that if this was meant to be short-term. A 
tech start-up company backed by GCHQ, the British Intelligence and 
military surveillance headquarters, has created a social distancing 
wrist sensor that alerts people when they get too close to others. The 
CIA has also supported tech companies developing similar devices. 
The wearable sensor was developed by Tended, one of a number of 
start-up companies supported by GCHQ (see the CIA and DARPA). 
The device can be worn on the wrist or as a tag on the waistband and 
will vibrate whenever someone wearing the device breaches social 
distancing and gets anywhere near natural human contact. The 
company had a lucky break in that it was developing a distancing 
sensor when the ‘Covid’ hoax arrived which immediately provided a 
potentially enormous market. How fortunate. The government in 
big-time Cult-controlled Ontario in Canada is investing $2.5 million 
in wearable contact tracing technology that ‘will alert users if they 
may have been exposed to the Covid-19 in the workplace and will 
beep or vibrate if they are within six feet of another person’. 
Facedrive Inc., the technology company behind this, was founded in 
2016 with funding from the Ontario Together Fund and obviously 
they, too, had a prophet on the board of directors. The human 
surveillance and control technology is called TraceSCAN and would 
be worn by the human cyborgs in places such as airports, 
workplaces, construction sites, care homes and ... schools. 


I emphasise schools with children and young people the prime 
targets. You know what is planned for society as a whole if you keep 
your eyes on the schools. They have always been places where the 
state program the next generation of slaves to be its compliant 
worker-ants — or Woker-ants these days; but in the mist of the 
‘Covid’ madness they have been transformed into mind laboratories 
on a scale never seen before. Teachers and head teachers are just as 
programmed as the kids — often more so. Children are kept apart 
from human interaction by walk lanes, classroom distancing, 
staggered meal times, masks, and the rolling-out of buzzer systems. 
Schools are now physically laid out as a laboratory maze for lab-rats. 
Lunatics at a school in Anchorage, Alaska, who should be 
prosecuted for child abuse, took away desks and forced children to 
kneel (know your place) on a mat for five hours a day while wearing 
a mask and using their chairs as a desk. How this was supposed to 
impact on a ‘virus’ only these clinically insane people can tell you 
and even then it would be clap-trap. The school banned recess 
(interaction), art classes (creativity), and physical exercise (getting 
body and mind moving out of inertia). Everyone behind this outrage 
should be in jail or better still a mental institution. The behavioural 
manipulators are all for this dystopian approach to schools. 
Professor Susan Michie, the mind-doctor and British Communist 
Party member, said it was wrong to say that schools were safe. They 
had to be made so by ‘distancing’, masks and ventilation (sitting all 
day in the cold). I must ask this lady round for dinner on a night I 
know I am going to be out and not back for weeks. She probably 
wouldn't be able to make it, anyway, with all the visits to her own 
psychologist she must have block-booked. 


Masking identity 

I know how shocking it must be for you that a behaviour 
manipulator like Michie wants everyone to wear masks which have 
long been a feature of mind-control programs like the infamous 
MKwUltra in the United States, but, there we are. We live and learn. I 
spent many years from 1996 to right across the millennium 


researching mind control in detail on both sides of the Atlantic and 
elsewhere. I met a large number of mind-control survivors and 
many had been held captive in body and mind by MKUltra. MK 
stands for mind-control, but employs the German spelling in 
deference to the Nazis spirited out of Germany at the end of World 
War Two by Operation Paperclip in which the US authorities, with 
help from the Vatican, transported Nazi mind-controllers and 
engineers to America to continue their work. Many of them were 
behind the creation of NASA and they included Nazi scientist and 
SS officer Wernher von Braun who swapped designing V-2 rockets to 
bombard London with designing the Saturn V rockets that powered 
the NASA moon programme’s Apollo craft. I think I may have 
mentioned that the Cult has no borders. Among Paperclip escapees 
was Josef Mengele, the Angel of Death in the Nazi concentration 
camps where he conducted mind and genetic experiments on 
children often using twins to provide a control twin to measure the 
impact of his ‘work’ on the other. If you want to observe the Cult 
mentality in all its extremes of evil then look into the life of Mengele. 
I have met many people who suffered mercilessly under Mengele in 
the United States where he operated under the name Dr Greene and 
became a stalwart of MKUltra programming and torture. Among his 
locations was the underground facility in the Mojave Desert in 
California called the China Lake Naval Weapons Station which is 
almost entirely below the surface. My books The Biggest Secret, 
Children of the Matrix and The Perception Deception have the detailed 
background to MKultra. 


The best-known MKultra survivor is American Cathy O’Brien. I 
first met her and her late partner Mark Phillips at a conference in 
Colorado in 1996. Mark helped her escape and deprogram from 
decades of captivity in an offshoot of MKUltra known as Project 
Monarch in which ‘sex slaves’ were provided for the rich and 
famous including Father George Bush, Dick Cheney and the 
Clintons. Read Cathy and Mark’s book Trance-Formation of America 
and if you are new to this you will be shocked to the core. I read it in 
1996 shortly before, with the usual synchronicity of my life, I found 


myself given a book table at the conference right next to hers. 
MkKUltra never ended despite being very publicly exposed (only a 
small part of it) in the 1970s and continues in other guises. I am still 
in touch with Cathy. She contacted me during 2020 after masks 
became compulsory in many countries to tell me how they were 
used as part of MKUltra programming. I had been observing “Covid 
regulations’ and the relationship between authority and public for 
months. I saw techniques that I knew were employed on individuals 
in MKUltra being used on the global population. I had read many 
books and manuals on mind control including one called Silent 
Weapons for Quiet Wars which came to light in the 1980s and was a 
guide on how to perceptually program on a mass scale. ‘Silent 
Weapons’ refers to mind-control. I remembered a line from the 
manual as governments, medical authorities and law enforcement 
agencies have so obviously talked to — or rather at — the adult 
population since the ‘Covid’ hoax began as if they are children. The 
document said: 


If a person is spoken to by a T.V. advertiser as if he were a twelve-year-old, then, due to 
suggestibility, he will, with a certain probability, respond or react to that suggestion with the 
uncritical response of a twelve-year-old and will reach in to his economic reservoir and 
deliver its energy to buy that product on impulse when he passes it in the store. 


That’s why authority has spoken to adults like children since all this 
began. 


Why did Michael Jackson wear masks? 

Every aspect of the ‘Covid’ narrative has mind-control as its central 
theme. Cathy O’Brien wrote an article for davidicke.com about the 
connection between masks and mind control. Her daughter Kelly 
who I first met in the 1990s was born while Cathy was still held 
captive in MKUltra. Kelly was forced to wear a mask as part of her 
programming from the age of two to dehumanise her, target her 
sense of individuality and reduce the amount of oxygen her brain 
and body received. Bingo. This is the real reason for compulsory 


masks, why they have been enforced en masse, and why they seek to 
increase the number they demand you wear. First one, then two, 
with one disgraceful alleged ‘doctor’ recommending four which is 
nothing less than a death sentence. Where and how often they must 
be worn is being expanded for the purpose of mass mind control 
and damaging respiratory health which they can call ‘Covid-19’. 
Canada’s government headed by the man-child Justin Trudeau, says 
it’s fine for children of two and older to wear masks. An insane 
‘study’ in Italy involving just 47 children concluded there was no 
problem for babies as young as four months wearing them. Even after 
people were ‘vaccinated’ they were still told to wear masks by the 
criminal that is Anthony Fauci. Cathy wrote that mandating masks 
is allowing the authorities literally to control the air we breathe 
which is what was done in MKUltra. You might recall how the 
singer Michael Jackson wore masks and there is a reason for that. He 
was subjected to MKUltra mind control through Project Monarch 
and his psyche was scrambled by these simpletons. Cathy wrote: 


In MKUltra Project Monarch mind control, Michael Jackson had to wear a mask to silence his 
voice so he could not reach out for help. Remember how he developed that whisper voice 
when he wasn’t singing? Masks control the mind from the outside in, like the redefining of 
words is doing. By controlling what we can and cannot say for fear of being labeled racist or 
beaten, for example, it ultimately controls thought that drives our words and ultimately actions 
(or lack thereof). 


Likewise, a mask muffles our speech so that we are not heard, which controls voice ... words 
... mind. This is Mind Control. Masks are an obvious mind control device, and | am disturbed 
so many people are complying on a global scale. Masks depersonalize while making a person 
feel as though they have no voice. It is a barrier to others. People who would never choose to 
comply but are forced to wear a mask in order to keep their job, and ultimately their family 
fed, are compromised. They often feel shame and are subdued. People have stopped talking 
with each other while media controls the narrative. 


The ‘no voice’ theme has often become literal with train 
passengers told not to speak to each other in case they pass on the 
‘virus’, singing banned for the same reason and bonkers California 
officials telling people riding roller coasters that they cannot shout 
and scream. Cathy said she heard every day from healed MKUltra 
survivors who cannot wear a mask without flashing back on ways 


their breathing was controlled — ‘from ball gags and penises to water 
boarding’. She said that through the years when she saw images of 
people in China wearing masks ‘due to pollution’ that it was really 
to control their oxygen levels. ‘I knew it was as much of a population 
control mechanism of depersonalisation as are burkas’, she said. 
Masks are another Chinese communist/fascist method of control that 
has been swept across the West as the West becomes China at 
lightning speed since we entered 2020. 


Mask-19 


There are other reasons for mandatory masks and these include 
destroying respiratory health to call it ‘Covid-19’ and stunting brain 
development of children and the young. Dr Margarite Griesz- 
Brisson MD, PhD, is a Consultant Neurologist and 
Neurophysiologist and the Founder and Medical Director of the 
London Neurology and Pain Clinic. Her CV goes down the street 
and round the corner. She is clearly someone who cares about people 
and won't parrot the propaganda. Griesz-Brisson has a PhD in 
pharmacology, with special interest in neurotoxicology, 
environmental medicine, neuroregeneration and neuroplasticity (the 
way the brain can change in the light of information received). She 
went public in October, 2020, with a passionate warning about the 
effects of mask-wearing laws: 


The reinhalation of our exhaled air will without a doubt create oxygen deficiency and a 
flooding of carbon dioxide. We know that the human brain is very sensitive to oxygen 
deprivation. There are nerve cells for example in the hippocampus that can’t be longer than 3 
minutes without oxygen — they cannot survive. The acute warning symptoms are headaches, 
drowsiness, dizziness, issues in concentration, slowing down of reaction time — reactions of 
the cognitive system. 


Oh, I know, let’s tell bus, truck and taxi drivers to wear them and 
people working machinery. How about pilots, doctors and police? 
Griesz-Brisson makes the important point that while the symptoms 
she mentions may fade as the body readjusts this does not alter the 
fact that people continue to operate in oxygen deficit with long list of 


potential consequences. She said it was well known that 
neurodegenerative diseases take years or decades to develop. ‘If 
today you forget your phone number, the breakdown in your brain 
would have already started 20 or 30 years ago.’ She said 
degenerative processes in your brain are getting amplified as your 
oxygen deprivation continues through wearing a mask. Nerve cells 
in the brain are unable to divide themselves normally in these 
circumstances and lost nerve cells will no longer be regenerated. 
‘What is gone is gone.’ Now consider that people like shop workers 
and schoolchildren are wearing masks for hours every day. What in 
the name of sanity is going to be happening to them? ‘I do not wear 
a mask, I need my brain to think’, Griesz-Brisson said, ‘I want to 
have a clear head when I deal with my patients and not be ina 
carbon dioxide-induced anaesthesia’. If you are told to wear a mask 
anywhere ask the organisation, police, store, whatever, for their risk 
assessment on the dangers and negative effects on mind and body of 
enforcing mask-wearing. They won't have one because it has never 
been done not even by government. All of them must be subject to 
class-action lawsuits as the consequences come to light. They don’t 
do mask risk assessments for an obvious reason. They know what 
the conclusions would be and independent scientific studies that 
have been done tell a horror story of consequences. 


‘Masks are criminal 

Dr Griesz-Brisson said that for children and adolescents, masks are 
an absolute no-no. They had an extremely active and adaptive 
immune system and their brain was incredibly active with so much 
to learn. “The child’s brain, or the youth’s brain, is thirsting for 
oxygen.’ The more metabolically active an organ was, the more 
oxygen it required; and in children and adolescents every organ was 
metabolically active. Griesz-Brisson said that to deprive a child’s or 
adolescent's brain of oxygen, or to restrict it in any way, was not only 
dangerous to their health, it was absolutely criminal. ‘Oxygen 
deficiency inhibits the development of the brain, and the damage 
that has taken place as a result CANNOT be reversed.’ Mind 


manipulators of MKUltra put masks on two-year-olds they wanted 
to neurologically rewire and you can see why. Griesz-Brisson said a 
child needs the brain to learn and the brain needs oxygen to 
function. ‘We don’t need a clinical study for that. This is simple, 
indisputable physiology.’ Consciously and purposely induced 
oxygen deficiency was an absolutely deliberate health hazard, and 
an absolute medical contraindication which means that ‘this drug, 
this therapy, this method or measure should not be used, and is not 
allowed to be used’. To coerce an entire population to use an 
absolute medical contraindication by force, she said, there had to be 
definite and serious reasons and the reasons must be presented to 
competent interdisciplinary and independent bodies to be verified 
and authorised. She had this warning of the consequences that were 
coming if mask wearing continued: 


When, in ten years, dementia is going to increase exponentially, and the younger generations 
couldn’t reach their god-given potential, it won’t help to say ‘we didn’t need the masks’. | 
know how damaging oxygen deprivation is for the brain, cardiologists know how damaging it 
is for the heart, pulmonologists know how damaging it is for the lungs. Oxygen deprivation 
damages every single organ. Where are our health departments, our health insurance, our 
medical associations? It would have been their duty to be vehemently against the lockdown 
and to stop it and stop it from the very beginning. 


Why do the medical boards issue punishments to doctors who give people exemptions? Does 
the person or the doctor seriously have to prove that oxygen deprivation harms people? What 
kind of medicine are our doctors and medical associations representing? Who is responsible 
for this crime? The ones who want to enforce it? The ones who let it happen and play along, 
or the ones who don’t prevent it? 


All of the organisations and people she mentions there either 
answer directly to the Cult or do whatever hierarchical levels above 
them tell them to do. The outcome of both is the same. ‘It’s not about 
masks, it’s not about viruses, it’s certainly not about your health’, 
Griesz-Brisson said. ‘It is about much, much more. I am not 
participating. Iam not afraid.’ They were taking our air to breathe 
and there was no unfounded medical exemption from face masks. 
Oxygen deprivation was dangerous for every single brain. It had to 
be the free decision of every human being whether they want to 


wear a mask that was absolutely ineffective to protect themselves 
from a virus. She ended by rightly identifying where the 
responsibility lies for all this: 


The imperative of the hour is personal responsibility. We are responsible for what we think, 
not the media. We are responsible for what we do, not our superiors. We are responsible for 
our health, not the World Health Organization. And we are responsible for what happens in 
our country, not the government. 


Halle-bloody-lujah. 


But surgeons wear masks, right? 

Independent studies of mask-wearing have produced a long list of 
reports detailing mental, emotional and physical dangers. What a 
definition of insanity to see police officers imposing mask-wearing 
on the public which will cumulatively damage their health while the 
police themselves wear masks that will cumulatively damage their 
health. It’s utter madness and both public and police do this because 
‘the government says so’ — yes a government of brain-donor idiots 
like UK Health Secretary Matt Hancock reading the ‘follow the 
science’ scripts of psychopathic, lunatic psychologists. The response 
you get from Stockholm syndrome sufferers defending the very 
authorities that are destroying them and their families is that 
‘surgeons wear masks’. This is considered the game, set and match 
that they must work and don’t cause oxygen deficit. Well, actually, 
scientific studies have shown that they do and oxygen levels are 
monitored in operating theatres to compensate. Surgeons wear 
masks to stop spittle and such like dropping into open wounds — not 
to stop ‘viral particles’ which are so miniscule they can only be seen 
through an electron microscope. Holes in the masks are significantly 
bigger than ‘viral particles’ and if you sneeze or cough they will 
breach the mask. I watched an incredibly disingenuous ‘experiment’ 
that claimed to prove that masks work in catching ‘virus’ material 
from the mouth and nose. They did this with a slow motion camera 
and the mask did block big stuff which stayed inside the mask and 


against the face to be breathed in or cause infections on the face as 
we have seen with many children. ‘Viral particles’, however, would 
never have been picked up by the camera as they came through the 
mask when they are far too small to be seen. The ‘experiment’ was 
therefore disingenuous and useless. 


Studies have concluded that wearing masks in operating theatres 
(and thus elsewhere) make no difference to preventing infection 
while the opposite is true with toxic shite building up in the mask 
and this had led to an explosion in tooth decay and gum disease 
dubbed by dentists ‘mask mouth’. You might have seen the Internet 
video of a furious American doctor urging people to take off their 
masks after a four-year-old patient had been rushed to hospital the 
night before and nearly died with a lung infection that doctors 
sourced to mask wearing. A study in the journal Cancer Discovery 
found that inhalation of harmful microbes can contribute to 
advanced stage lung cancer in adults and long-term use of masks 
can help breed dangerous pathogens. Microbiologists have said 
frequent mask wearing creates a moist environment in which 
microbes can grow and proliferate before entering the lungs. The 
Canadian Agency for Drugs and Technologies in Health, or CADTH, 
a Canadian national organisation that provides research and 
analysis to healthcare decision-makers, said this as long ago as 2013 
in a report entitled ‘Use of Surgical Masks in the Operating Room: A 
Review of the Clinical Effectiveness and Guidelines’. It said: 


¢ No evidence was found to support the use of surgical face masks 
to reduce the frequency of surgical site infections 


¢ No evidence was found on the effectiveness of wearing surgical 
face masks to protect staff from infectious material in the 
operating room. 

¢ Guidelines recommend the use of surgical face masks by staff in 
the operating room to protect both operating room staff and 
patients (despite the lack of evidence). 


We were told that the world could go back to ‘normal’ with the 
arrival of the ‘vaccines’. When they came, fraudulent as they are, the 
story changed as I knew that it would. We are in the midst of 
transforming ‘normal’, not going back to it. Mary Ramsay, head of 
immunisation at Public Health England, echoed the words of US 
criminal Anthony Fauci who said masks and other regulations must 
stay no matter if people are vaccinated. The Fauci idiot continued to 
wear two masks — different colours so both could be clearly seen — 
after he claimed to have been vaccinated. Senator Rand Paul told 
Fauci in one exchange that his double-masks were ‘theatre’ and he 
was right. It’s all theatre. Mary Ramsay back-tracked on the vaccine- 
return-to-normal theme when she said the public may need to wear 
masks and social-distance for years despite the jabs. ‘People have got 
used to those lower-level restrictions now, and [they] can live with 
them’, she said telling us what the idea has been all along. ‘The 
vaccine does not give you a pass, even if you have had it, you must 
continue to follow all the guidelines’ said a Public Health England 
statement which reneged on what we had been told before and 
made having the ‘vaccine’ irrelevant to ‘normality’ even by the 
official story. Spain’s fascist government trumped everyone by 
passing a law mandating the wearing of masks on the beach and 
even when swimming in the sea. The move would have devastated 
what's left of the Spanish tourist industry, posed potential breathing 
dangers to swimmers and had Northern European sunbathers 
walking around with their forehead brown and the rest of their face 
white as a sheet. The ruling was so crazy that it had to be retracted 
after pressure from public and tourist industry, but it confirmed 
where the Cult wants to go with masks and how clinically insane 
authority has become. The determination to make masks permanent 
and hide the serious dangers to body and mind can be seen in the 
censorship of scientist Professor Denis Rancourt by Bill Gates- 
funded academic publishing website ResearchGate over his papers 
exposing the dangers and uselessness of masks. Rancourt said: 


ResearchGate today has permanently locked my account, which | have had since 2015. Their 
reasons graphically show the nature of their attack against democracy, and their corruption of 


science ... By their obscene non-logic, a scientific review of science articles reporting on 
harms caused by face masks has a ‘potential to cause harm’. No criticism of the psychological 
device (face masks) is tolerated, if the said criticism shows potential to influence public policy. 


This is what happens in a fascist world. 


Where are the ‘greens (again)? 

Other dangers of wearing masks especially regularly relate to the 
inhalation of minute plastic fibres into the lungs and the deluge of 
discarded masks in the environment and oceans. Estimates 
predicted that more than 1.5 billion disposable masks will end up in 
the world’s oceans every year polluting the water with tons of plastic 
and endangering marine wildlife. Studies project that humans are 
using 129 billion face masks each month worldwide — about three 
million a minute. Most are disposable and made from plastic, non- 
biodegradable microfibers that break down into smaller plastic 
particles that become widespread in ecosystems. They are littering 
cities, clogging sewage channels and turning up in bodies of water. I 
have written in other books about the immense amounts of 
microplastics from endless sources now being absorbed into the 
body. Rolf Halden, director of the Arizona State University (ASU) 
Biodesign Center for Environmental Health Engineering, was the 
senior researcher in a 2020 study that analysed 47 human tissue 
samples and found microplastics in all of them. ‘We have detected 
these chemicals of plastics in every single organ that we have 
investigated’, he said. I wrote in The Answer about the world being 
deluged with microplastics. A study by the Worldwide Fund for 
Nature (WWE) found that people are consuming on average every 
week some 2,000 tiny pieces of plastic mostly through water and also 
through marine life and the air. Every year humans are ingesting 
enough microplastics to fill a heaped dinner plate and in a life-time 
of 79 years it is enough to fill two large waste bins. Marco 
Lambertini, WWF International director general said: ‘Not only are 
plastics polluting our oceans and waterways and killing marine life — 
it’s in all of us and we can’t escape consuming plastics,’ American 


geologists found tiny plastic fibres, beads and shards in rainwater 
samples collected from the remote slopes of the Rocky Mountain 
National Park near Denver, Colorado. Their report was headed: ‘It is 
raining plastic.’ Rachel Adams, senior lecturer in Biomedical Science 
at Cardiff Metropolitan University, said that among health 
consequences are internal inflammation and immune responses to a 
‘foreign body’. She further pointed out that microplastics become 
carriers of toxins including mercury, pesticides and dioxins (a 
known cause of cancer and reproductive and developmental 
problems). These toxins accumulate in the fatty tissues once they 
enter the body through microplastics. Now this is being 
compounded massively by people putting plastic on their face and 
throwing it away. 

Workers exposed to polypropylene plastic fibres known as ‘flock’ 
have developed ‘flock worker’s lung’ from inhaling small pieces of 
the flock fibres which can damage lung tissue, reduce breathing 
capacity and exacerbate other respiratory problems. Now ... 
commonly used surgical masks have three layers of melt-blown 
textiles made of ... polypropylene. We have billions of people 
putting these microplastics against their mouth, nose and face for 
hours at a time day after day in the form of masks. How does 
anyone think that will work out? Imean — what could possibly go 
wrong? We posted a number of scientific studies on this at 
davidicke.com, but when I went back to them as I was writing this 
book the links to the science research website where they were 
hosted were dead. Anything that challenges the official narrative in 
any way is either censored or vilified. The official narrative is so 
unsupportable by the evidence that only deleting the truth can 
protect it. A study by Chinese scientists still survived — with the 
usual twist which it why it was still active, I guess. Yes, they found 
that virtually all the masks they tested increased the daily intake of 
microplastic fibres, but people should still wear them because the 
danger from the ‘virus’ was worse said the crazy ‘team’ from the 
Institute of Hydrobiology in Wuhan. Scientists first discovered 
microplastics in lung tissue of some patients who died of lung cancer 


in the 1990s. Subsequent studies have confirmed the potential health 
damage with the plastic degrading slowly and remaining in the 
lungs to accumulate in volume. Wuhan researchers used a machine 
simulating human breathing to establish that masks shed up to 
nearly 4,000 microplastic fibres in a month with reused masks 
producing more. Scientists said some masks are laced with toxic 
chemicals and a variety of compounds seriously restricted for both 
health and environmental reasons. They include cobalt (used in blue 
dye) and formaldehyde known to cause watery eyes, burning 
sensations in the eyes, nose, and throat, plus coughing, wheezing 
and nausea. No — that must be ‘Covid-19’. 


Mask ‘worms’ 

There is another and potentially even more sinister content of masks. 
Mostly new masks of different makes filmed under a microscope 
around the world have been found to contain strange black fibres or 
‘worms’ that appear to move or ‘crawl’ by themselves and react to 
heat and water. The nearest I have seen to them are the self- 
replicating fibres that are pulled out through the skin of those 
suffering from Morgellons disease which has been connected to the 
phenomena of ‘chemtrails’ which I will bring into the story later on. 
Morgellons fibres continue to grow outside the body and have a 
form of artificial intelligence. Black ‘worm’ fibres in masks have that 
kind of feel to them and there is a nanotechnology technique called 
‘worm micelles’ which carry and release drugs or anything else you 
want to deliver to the body. For sure the suppression of humanity by 
mind altering drugs is the Cult agenda big time and the more 
excuses they can find to gain access to the body the more 
opportunities there are to make that happen whether through 
‘vaccines’ or masks pushed against the mouth and nose for hours on 
end. 


So let us summarise the pros and cons of masks: 


Against masks: Breathing in your own carbon dioxide; depriving the 
body and brain of sufficient oxygen; build-up of toxins in the mask 
that can be breathed into the lungs and cause rashes on the face and 
‘mask-mouth’; breathing microplastic fibres and toxic chemicals into 
the lungs; dehumanisation and deleting individualisation by literally 
making people faceless; destroying human emotional interaction 
through facial expression and deleting parental connection with 
their babies which look for guidance to their facial expression. 


For masks: They don’t protect you from a ‘virus’ that doesn’t exist 
and even if it did ‘viral’ particles are so minute they are smaller than 
the holes in the mask. 


Governments, police, supermarkets, businesses, transport 
companies, and all the rest who seek to impose masks have done no 
risk assessment on their consequences for health and psychology 
and are now open to group lawsuits when the impact becomes clear 
with a cumulative epidemic of respiratory and other disease. 
Authorities will try to exploit these effects and hide the real cause by 
dubbing them ‘Covid-19’. Can you imagine setting out to force the 
population to wear health-destroying masks without doing any 
assessment of the risks? It is criminal and it is evil, but then how 
many people targeted in this way, who see their children told to 
wear them all day at school, have asked for a risk assessment? 
Billions can’t be imposed upon by the few unless the billions allow it. 
Oh, yes, with just a tinge of irony, 85 percent of all masks made 
worldwide come from China. 


‘Covid’ rules include the use of toxic sanitisers and again the health 
consequences of constantly applying toxins to be absorbed through 
the skin is obvious to any level of Renegade Mind. America’s Food 
and Drug Administration (FDA) said that sanitisers are drugs and 
issued a warning about 75 dangerous brands which contain 


methanol used in antifreeze and can cause death, kidney damage 
and blindness. The FDA circulated the following warning even for 
those brands that it claims to be safe: 


Store hand sanitizer out of the reach of pets and children, and children should use it only with 
adult supervision. Do not drink hand sanitizer. This is particularly important for young 
children, especially toddlers, who may be attracted by the pleasant smell or brightly colored 
bottles of hand sanitizer. 


Drinking even a small amount of hand sanitizer can cause alcohol poisoning in children. 
(However, there is no need to be concerned if your children eat with or lick their hands after 
using hand sanitizer.) During this coronavirus pandemic, poison control centers have had an 
increase in calls about accidental ingestion of hand sanitizer, so it is important that adults 
monitor young children’s use. 


Do not allow pets to swallow hand sanitizer. If you think your pet has eaten something 
potentially dangerous, call your veterinarian or a pet poison control center right away. Hand 
sanitizer is flammable and should be stored away from heat and flames. When using hand 
sanitizer, rub your hands until they feel completely dry before performing activities that may 
involve heat, sparks, static electricity, or open flames. 


There you go, perfectly safe, then, and that’s without even a mention 
of the toxins absorbed through the skin. Come on kids — sanitise 
your hands everywhere you go. It will save you from the ‘virus’. Put 
all these elements together of the ‘Covid’ normal and see how much 
health and psychology is being cumulatively damaged, even 
devastated, to ‘protect your health’. Makes sense, right? They are 
only imposing these things because they care, right? Right? 


Submitting to insanity 

Psychological reframing of the population goes very deep and is 
done in many less obvious ways. I hear people say how 
contradictory and crazy ‘Covid’ rules are and how they are ever 
changing. This is explained away by dismissing those involved as 
idiots. It is a big mistake. The Cult is delighted if its cold calculation 
is perceived as incompetence and idiocy when it is anything but. Oh, 
yes, there are idiots within the system — lots of them — but they are 
administering the Cult agenda, mostly unknowingly. They are not 
deciding and dictating it. The bulwark against tyranny is self- 


respect, always has been, always will be. It is self-respect that has 
broken every tyranny in history. By its very nature self-respect will 
not bow to oppression and its perpetrators. There is so little self- 
respect that it’s always the few that overturn dictators. Many may 
eventually follow, but the few with the iron spines (self-respect) kick 
it off and generate the momentum. The Cult targets self-respect in 
the knowledge that once this has gone only submission remains. 
Crazy, contradictory, ever-changing ‘Covid’ rules are systematically 
applied by psychologists to delete self-respect. They want you to see 
that the rules make no sense. It is one thing to decide to do 
something when you have made the choice based on evidence and 
logic. You still retain your self-respect. It is quite another when you 
can see what you are being told to do is insane, ridiculous and 
makes no sense, and yet you still do it. Your self-respect is 
extinguished and this has been happening as ever more obviously 
stupid and nonsensical things have been demanded and the great 
majority have complied even when they can see they are stupid and 
nonsensical. 

People walk around in face-nappies knowing they are damaging 
their health and make no difference to a ‘virus’. They do it in fear of 
not doing it. I know it’s daft, but I’ll do it anyway. When that 
happens something dies inside of you and submissive reframing has 
begun. Next there’s a need to hide from yourself that you have 
conceded your self-respect and you convince yourself that you have 
not really submitted to fear and intimidation. You begin to believe 
that you are complying with craziness because it’s the right thing to 
do. When first you concede your self-respect of 2+2 = 4 to 2+2 =5 you 
know you are compromising your self-respect. Gradually to avoid 
facing that fact you begin to believe that 2+2=5. You have been 
reframed and I have been watching this process happening in the 
human psyche on an industrial scale. The Cult is working to break 
your spirit and one of its major tools in that war is humiliation. I 
read how former American soldier Bradley Manning (later Chelsea 
Manning after a sex-change) was treated after being jailed for 
supplying WikiLeaks with documents exposing the enormity of 


government and elite mendacity. Manning was isolated in solitary 
confinement for eight months, put under 24-hour surveillance, 
forced to hand over clothing before going to bed, and stand naked 
for every roll call. This is systematic humiliation. The introduction of 
anal swab ‘Covid’ tests in China has been done for the same reason 
to delete self-respect and induce compliant submission. Anal swabs 
are mandatory for incoming passengers in parts of China and 
American diplomats have said they were forced to undergo the 
indignity which would have been calculated humiliation by the 
Cult-owned Chinese government that has America in its sights. 


Government-people: An abusive relationship 

Spirit-breaking psychological techniques include giving people hope 
and apparent respite from tyranny only to take it away again. This 
happened in the UK during Christmas, 2020, when the psycho- 
psychologists and their political lackeys announced an easing of 
restrictions over the holiday only to reimpose them almost 
immediately on the basis of yet another lie. There is a big 
psychological difference between getting used to oppression and 
being given hope of relief only to have that dashed. Psychologists 
know this and we have seen the technique used repeatedly. Then 
there is traumatising people before you introduce more extreme 
regulations that require compliance. A perfect case was the 
announcement by the dark and sinister Whitty and Vallance in the 
UK that ‘new data’ predicted that 4,000 could die every day over the 
winter of 2020/2021 if we did not lockdown again. I think they call it 
lying and after traumatising people with that claim out came 
Jackboot Johnson the next day with new curbs on human freedom. 
Psychologists know that a frightened and traumatised mind 
becomes suggestable to submission and behaviour reframing. 
Underpinning all this has been to make people fearful and 
suspicious of each other and see themselves as a potential danger to 
others. In league with deleted self-respect you have the perfect 
psychological recipe for self-loathing. The relationship between 
authority and public is now demonstrably the same as that of 


subservience to an abusive partner. These are signs of an abusive 
relationship explained by psychologist Leslie Becker-Phelps: 


Psychological and emotional abuse: Undermining a partner’s 
self-worth with verbal attacks, name-calling, and belittling. 
Humiliating the partner in public, unjustly accusing them of having 
an affair, or interrogating them about their every behavior. Keeping 
partner confused or off balance by saying they were just kidding or 
blaming the partner for ‘making’ them act this way ... Feigning in 
public that they care while turning against them in private. This 
leads to victims frequently feeling confused, incompetent, unworthy, 
hopeless, and chronically self-doubting. [Apply these techniques to 
how governments have treated the population since New Year, 2020, 
and the parallels are obvious. ] 


Physical abuse: The abuser might physically harm their partner in 
a range of ways, such as grabbing, hitting, punching, or shoving 
them. They might throw objects at them or harm them with a 
weapon. [Observe the physical harm imposed by masks, lockdown, 
and so on.] 


Threats and intimidation: One way abusers keep their partners in 
line is by instilling fear. They might be verbally threatening, or give 
threatening looks or gestures. Abusers often make it known that 
they are tracking their partner’s every move. They might destroy 
their partner’s possessions, threaten to harm them, or threaten to 
harm their family members. Not surprisingly, victims of this abuse 
often feel anxiety, fear, and panic. [No words necessary. ] 


Isolation: Abusers often limit their partner’s activities, forbidding 
them to talk or interact with friends or family. They might limit 
access to a car or even turn off their phone. All of this might be done 
by physically holding them against their will, but is often 
accomplished through psychological abuse and intimidation. The 
more isolated a person feels, the fewer resources they have to help 
gain perspective on their situation and to escape from it. [No words 
necessary. | 


Economic abuse: Abusers often make their partners beholden to 
them for money by controlling access to funds of any kind. They 
might prevent their partner from getting a job or withhold access to 
money they earn from a job. This creates financial dependency that 
makes leaving the relationship very difficult. [See destruction of 
livelihoods and the proposed meagre ‘guaranteed income’ so long as 
you do whatever you are told.] 


Using children: An abuser might disparage their partner’s 
parenting skills, tell their children lies about their partner, threaten 
to take custody of their children, or threaten to harm their children. 
These tactics instil fear and often elicit compliance. [See reframed 
social service mafia and how children are being mercilessly abused 
by the state over ‘Covid’ while their parents look on too frightened 
to do anything. ] 

A further recurring trait in an abusive relationship is the abused 
blaming themselves for their abuse and making excuses for the 
abuser. We have the public blaming each other for lockdown abuse 
by government and many making excuses for the government while 
attacking those who challenge the government. How often we have 
heard authorities say that rules are being imposed or reimposed only 
because people have refused to ‘behave’ and follow the rules. We 
don’t want to do it — it’s you. 

Renegade Minds are an antidote to all of these things. They will 
never concede their self-respect no matter what the circumstances. 
Even when apparent humiliation is heaped upon them they laugh in 
its face and reflect back the humiliation on the abuser where it 
belongs. Renegade Minds will never wear masks they know are only 
imposed to humiliate, suppress and damage both physically and 
psychologically. Consequences will take care of themselves and they 
will never break their spirit or cause them to concede to tyranny. UK 
newspaper columnist Peter Hitchens was one of the few in the 
mainstream media to speak out against lockdowns and forced 
vaccinations. He then announced he had taken the jab. He wanted to 
see family members abroad and he believed vaccine passports were 
inevitable even though they had not yet been introduced. Hitchens 


has a questioning and critical mind, but not a Renegade one. If he 
had no amount of pressure would have made him concede. Hitchens 
excused his action by saying that the battle has been lost. Renegade 
Minds never accept defeat when freedom is at stake and even if they 
are the last one standing the self-respect of not submitting to tyranny 
is more important than any outcome or any consequence. 

That’s why Renegade Minds are the only minds that ever changed 
anything worth changing. 


CHAPTER EIGHT 
‘Reframing insanity 


Insanity is relative. It depends on who has who locked in what cage 
Ray Bradbury 


eframing’ a mind means simply to change its perception and 

behaviour. This can be done subconsciously to such an extent 
that subjects have no idea they have been ‘reframed’ while to any 
observer changes in behaviour and attitudes are obvious. 


Human society is being reframed on a ginormous scale since the 
start of 2020 and here we have the reason why psychologists rather 
than doctors have been calling the shots. Ask most people who have 
succumbed to ‘Covid’ reframing if they have changed and most will 
say ‘no’; but they have and fundamentally. The Cult’s long-game has 
been preparing for these times since way back and crucial to that has 
been to prepare both population and officialdom mentally and 
emotionally. To use the mind-control parlance they had to reframe 
the population with a mentality that would submit to fascism and 
reframe those in government and law enforcement to impose 
fascism or at least go along with it. The result has been the fact- 
deleted mindlessness of “Wokeness’ and officialdom that has either 
enthusiastically or unquestioningly imposed global tyranny 
demanded by reframed politicians on behalf of psychopathic and 
deeply evil cultists. ‘Cognitive reframing’ identifies and challenges 
the way someone sees the world in the form of situations, 
experiences and emotions and then restructures those perceptions to 
view the same set of circumstances in a different way. This can have 


benefits if the attitudes are personally destructive while on the other 
side it has the potential for individual and collective mind control 
which the subject has no idea has even happened. 

Cognitive therapy was developed in the 1960s by Aaron T. Beck 
who was born in Rhode Island in 1921 as the son of Jewish 
immigrants from the Ukraine. He became interested in the 
techniques as a treatment for depression. Beck’s daughter Judith S. 
Beck is prominent in the same field and they founded the Beck 
Institute for Cognitive Behavior Therapy in Philadelphia in 1994. 
Cognitive reframing, however, began to be used worldwide by those 
with a very dark agenda. The Cult reframes politicians to change 
their attitudes and actions until they are completely at odds with 
what they once appeared to stand for. The same has been happening 
to government administrators at all levels, law enforcement, military 
and the human population. Cultists love mind control for two main 
reasons: It allows them to control what people think, do and say to 
secure agenda advancement and, by definition, it calms their 
legendary insecurity and fear of the unexpected. I have studied mind 
control since the time I travelled America in 1996. I may have been 
talking to next to no one in terms of an audience in those years, but 
my goodness did I gather a phenomenal amount of information and 
knowledge about so many things including the techniques of mind 
control. I have described this in detail in other books going back to 
The Biggest Secret in 1998. I met a very large number of people 
recovering from MKuUltra and its offshoots and successors and I 
began to see how these same techniques were being used on the 
population in general. This was never more obvious than since the 
‘Covid’ hoax began. 


Reframing the enforcers 

I have observed over the last two decades and more the very clear 
transformation in the dynamic between the police, officialdom and 
the public. I tracked this in the books as the relationship mutated 
from one of serving the public to seeing them as almost the enemy 
and certainly a lower caste. There has always been a class divide 


based on income and always been some psychopathic, corrupt, and 
big-I-am police officers. This was different. Wholesale change was 
unfolding in the collective dynamic; it was less about money and far 
more about position and perceived power. An us-and-them was 
emerging. Noses were lifted skyward by government administration 
and law enforcement and their attitude to the public they were 
supposed to be serving changed to one of increasing contempt, 
superiority and control. The transformation was so clear and 
widespread that it had to be planned. Collective attitudes and 
dynamics do not change naturally and organically that quickly on 
that scale. I then came across an organisation in Britain called 
Common Purpose created in the late 1980s by Julia Middleton who 
would work in the office of Deputy Prime Minister John Prescott 
during the long and disastrous premiership of war criminal Tony 
Blair. When Blair speaks the Cult is speaking and the man should 
have been in jail a long time ago. Common Purpose proclaims itself 
to be one of the biggest ‘leadership development’ organisations in 
the world while functioning as a charity with all the financial benefits 
which come from that. It hosts ‘leadership development’ courses and 
programmes all over the world and claims to have ‘brought 
together’ what it calls ‘leaders’ from more than 100 countries on six 
continents. The modus operandi of Common Purpose can be 
compared with the work of the UK government's reframing network 
that includes the Behavioural Insights Team ‘nudge unit’ and 
‘Covid’ reframing specialists at SPI-B. WikiLeaks described 
Common Purpose long ago as ‘a hidden virus in our government 
and schools’ which is unknown to the general public: ‘It recruits and 
trains “leaders” to be loyal to the directives of Common Purpose and 
the EU, instead of to their own departments, which they then 
undermine or subvert, the NHS [National Health Service] being an 
example.’ This is a vital point to understand the ‘Covid’ hoax. The 
NHS, and its equivalent around the world, has been utterly reframed 
in terms of administrators and much of the medical personnel with 
the transformation underpinned by recruitment policies. The 
outcome has been the criminal and psychopathic behaviour of the 


NHS over ‘Covid’ and we have seen the same in every other major 
country. WikiLeaks said Common Purpose trainees are ‘learning to 
rule without regard to democracy’ and to usher in a police state 
(current events explained). Common Purpose operated like a ‘glue’ 
and had members in the NHS, BBC, police, legal profession, church, 
many of Britain’s 7,000 quangos, local councils, the Civil Service, 
government ministries and Parliament, and controlled many RDA’s 
(Regional Development Agencies). Here we have one answer for 
how and why British institutions and their like in other countries 
have changed so negatively in relation to the public. This further 
explains how and why the beyond-disgraceful reframed BBC has 
become a propaganda arm of ‘Covid’ fascism. They are all part of a 
network pursuing the same goal. 

By 2019 Common Purpose was quoting a figure of 85,000 ‘leaders’ 
that had attended its programmes. These ‘students’ of all ages are 
known as Common Purpose ‘graduates’ and they consist of 
government, state and local government officials and administrators, 
police chiefs and officers, and a whole range of others operating 
within the national, local and global establishment. Cressida Dick, 
Commissioner of the London Metropolitan Police, is the Common 
Purpose graduate who was the ‘Gold Commander’ that oversaw 
what can only be described as the murder of Brazilian electrician 
Jean Charles de Menezes in 2005. He was held down by 
psychopathic police and shot seven times in the head by a 
psychopathic lunatic after being mistaken for a terrorist when he 
was just a bloke going about his day. Dick authorised officers to 
pursue and keep surveillance on de Menezes and ordered that he be 
stopped from entering the underground train system. Police 
psychopaths took her at her word clearly. She was ‘disciplined’ for 
this outrage by being promoted — eventually to the top of the ‘Met’ 
police where she has been a disaster. Many Chief Constables 
controlling the police in different parts of the UK are and have been 
Common Purpose graduates. I have heard the ‘graduate’ network 
described as a sort of Mafia or secret society operating within the 
fabric of government at all levels pursuing a collective policy 


ingrained at Common Purpose training events. Founder Julia 
Middleton herself has said: 


Locally and internationally, Common Purpose graduates will be ‘lighting small fires’ to create 
change in their organisations and communities ... The Common Purpose effect is best 
illustrated by the many stories of small changes brought about by leaders, who themselves 
have changed. 


A Common Purpose mission statement declared: 


Common Purpose aims to improve the way society works by expanding the vision, decision- 
making ability and influence of all kinds of leaders. The organisation runs a variety of 
educational programmes for leaders of all ages, backgrounds and sectors, in order to provide 
them with the inspirational, information and opportunities they need to change the world. 


Yes, but into what? Since 2020 the answer has become clear. 


NLP and the Delphi technique 

Common Purpose would seem to be a perfect name or would 
common programming be better? One of the foundation methods of 
reaching ‘consensus’ (group think) is by setting the agenda theme 
and then encouraging, cajoling or pressuring everyone to agree a 
‘consensus’ in line with the core theme promoted by Common 
Purpose. The methodology involves the ‘Delphi technique’, or an 
adaption of it, in which opinions are expressed that are summarised 
by a ‘facilitator or change agent’ at each stage. Participants are 
‘encouraged’ to modify their views in the light of what others have 
said. Stage by stage the former individual opinions are merged into 
group consensus which just happens to be what Common Purpose 
wants them to believe. A key part of this is to marginalise anyone 
refusing to concede to group think and turn the group against them 
to apply pressure to conform. We are seeing this very technique used 
on the general population to make ‘Covid’ group-thinkers hostile to 
those who have seen through the bullshit. People can be reframed by 
using perception manipulation methods such as Neuro-Linguistic 
Programming (NLP) in which you change perception with the use of 


carefully constructed language. An NLP website described the 
technique this way: 


... A method of influencing brain behaviour (the ‘neuro’ part of the phrase) through the use of 
language (the ‘linguistic’ part) and other types of communication to enable a person to 
‘recode’ the way the brain responds to stimuli (that’s the ‘programming’) and manifest new 
and better behaviours. Neuro-Linguistic Programming often incorporates hypnosis and self- 
hypnosis to help achieve the change (or ‘programming’) that is wanted. 


British alternative media operation UKColumn has done very 
detailed research into Common Purpose over a long period. I quoted 
co-founder and former naval officer Brian Gerrish in my book 
Remember Who You Are, published in 2011, as saying the following 
years before current times: 


It is interesting that many of the mothers who have had children taken by the State speak of 
the Social Services people being icily cool, emotionless and, as two ladies said in slightly 
different words, ‘... like little robots’. We know that NLP is cumulative, so people can be 
given small imperceptible doses of NLP in a course here, another in a few months, next year 
etc. In this way, major changes are accrued in their personality, but the day by day change is 
almost unnoticeable. 


In these and other ways ‘graduates’ have had their perceptions 
uniformly reframed and they return to their roles in the institutions 
of government, law enforcement, legal profession, military, 
‘education’, the UK National Health Service and the whole swathe of 
the establishment structure to pursue a common agenda preparing 
for the ‘post-industrial’, “post-democratic’ society. I say ‘preparing’ 
but we are now there. ‘Post-industrial’ is code for the Great Reset 
and ‘post-democratic’ is ‘Covid’ fascism. UKColumn has spoken to 
partners of those who have attended Common Purpose ‘training’. 
They have described how personalities and attitudes of ‘graduates’ 
changed very noticeably for the worse by the time they had 
completed the course. They had been ‘reframed’ and told they are 
the ‘leaders’ — the special ones — who know better than the 
population. There has also been the very demonstrable recruitment 
of psychopaths and narcissists into government administration at all 


levels and law enforcement. If you want psychopathy hire 
psychopaths and you get a simple cause and effect. If you want 
administrators, police officers and ‘leaders’ to perceive the public as 
lesser beings who don’t matter then employ narcissists. These 
personalities are identified using ‘psychometrics’ that identifies 
knowledge, abilities, attitudes and personality traits, mostly through 
carefully-designed questionnaires and tests. As this policy has 
passed through the decades we have had power-crazy, power- 
trippers appointed into law enforcement, security and government 
administration in preparation for current times and the dynamic 
between public and law enforcement/officialdom has been 
transformed. UKColumn’s Brian Gerrish said of the narcissistic 
personality: 


Their love of themselves and power automatically means that they will crush others who get 
in their way. | received a major piece of the puzzle when a friend pointed out that when they 
made public officials re-apply for their own jobs several years ago they were also required to 
do psychometric tests. This was undoubtedly the start of the screening process to get ‘their’ 
sort of people in post. 


How obvious that has been since 2020 although it was clear what 
was happening long before if people paid attention to the changing 
public-establishment dynamic. 


Change agents 

At the centre of events in ‘Covid’ Britain is the National Health 
Service (NHS) which has behaved disgracefully in slavishly 
following the Cult agenda. The NHS management structure is awash 
with Common Purpose graduates or ‘change agents’ working to a 
common cause. Helen Bevan, a Chief of Service Transformation at 
the NHS Institute for Innovation and Improvement, co-authored a 
document called ‘Towards a million change agents, a review of the 
social movements literature: implications for large scale change in 
the NHS’. The document compared a project management approach 
to that of change and social movements where ‘people change 


themselves and each other — peer to peer’. Two definitions given for 
a ‘social movement’ were: 


A group of people who consciously attempt to build a radically new social 
order; involves people of a broad range of social backgrounds; and deploys 
politically confrontational and socially disruptive tactics - Cyrus 
Zirakzadeh 1997 


Collective challenges, based on common purposes and social solidarities, in 
sustained interaction with elites, opponents, and authorities — Sidney 
Tarrow 1994 


Helen Bevan wrote another NHS document in which she defined 
‘framing’ as ‘the process by which leaders construct, articulate and 
put across their message in a powerful and compelling way in order 
to win people to their cause and call them to action’. I think I could 
come up with another definition that would be rather more accurate. 
The National Health Service and institutions of Britain and the wider 
world have been taken over by reframed ‘change agents’ and that 
includes everything from the United Nations to national 
governments, local councils and social services which have been 
kidnapping children from loving parents on an extraordinary and 
gathering scale on the road to the end of parenthood altogether. 
Children from loving homes are stolen and kidnapped by the state 
and put into the ‘care’ (inversion) of the local authority through 
council homes, foster parents and forced adoption. At the same time 
children are allowed to be abused without response while many are 
under council ‘care’. UKColumn highlighted the Common Purpose 
connection between South Yorkshire Police and Rotherham council 
officers in the case of the scandal in that area of the sexual 
exploitation of children to which the authorities turned not one blind 
eye, but both: 


We were alarmed to discover that the Chief Executive, the Strategic Director of Children and 
Young People’s Services, the Manager for the Local Strategic Partnership, the Community 
Cohesion Manager, the Cabinet Member for Cohesion, the Chief Constable and his 
predecessor had all attended Leadership training courses provided by the pseudo-charity 
Common Purpose. 


Once ‘change agents’ have secured positions of hire and fire within 
any organisation things start to move very quickly. Personnel are 
then hired and fired on the basis of whether they will work towards 
the agenda the change agent represents. If they do they are rapidly 
promoted even though they may be incompetent. Those more 
qualified and skilled who are pre-Common Purpose ‘old school’ see 
their careers stall and even disappear. This has been happening for 
decades in every institution of state, police, ‘health’ and social 
services and all of them have been transformed as a result in their 
attitudes to their jobs and the public. Medical professions, including 
nursing, which were once vocations for the caring now employ 
many cold, callous and couldn’t give a shit personality types. The 
UKColumn investigation concluded: 


By blurring the boundaries between people, professions, public and private sectors, 
responsibility and accountability, Common Purpose encourages ‘graduates’ to believe that as 
new selected leaders, they can work together, outside of the established political and social 
structures, to achieve a paradigm shift or CHANGE — so called ‘Leading Beyond Authority’. In 
doing so, the allegiance of the individual becomes ‘reframed’ on CP colleagues and their 
NETWORK. 


Nowhere has this process been more obvious than in the police 
where recruitment of psychopaths and development of 
unquestioning mind-controlled group-thinkers have transformed 
law enforcement into a politically-correct ‘Woke’ joke and a travesty 
of what should be public service. Today they wear their face-nappies 
like good little gofers and enforce ‘Covid’ rules which are fascism 
under another name. Alongside the specifically-recruited 
psychopaths we have software minds incapable of free thought. 
Brian Gerrish again: 


An example is the policeman who would not get on a bike for a press photo because he had 
not done the cycling proficiency course. Normal people say this is political correctness gone 
mad. Nothing could be further from the truth. The policeman has been reframed, and in his 

reality it is perfect common sense not to get on the bike ‘because he hasn’t done the cycling 
course’. 


Another example of this is where the police would not rescue a boy from a pond until they 
had taken advice from above on the ‘risk assessment’. A normal person would have arrived, 
perhaps thought of the risk for a moment, and dived in. To the police now ‘reframed’, they 
followed ‘normal’ procedure. 


There are shocking cases of reframed ambulance crews doing the 
same. Sheer unthinking stupidity of London Face-Nappies headed 
by Common Purpose graduate Cressida Dick can be seen in their 
behaviour at a vigil in March, 2021, for a murdered woman, Sarah 
Everard. A police officer had been charged with the crime. Anyone 
with a brain would have left the vigil alone in the circumstances. 
Instead they ‘manhandled’ women to stop them breaking ‘Covid 
rules’ to betray classic reframing. Minds in the thrall of perception 
control have no capacity for seeing a situation on its merits and 
acting accordingly. ‘Rules is rules’ is their only mind-set. My father 
used to say that rules and regulations are for the guidance of the 
intelligent and the blind obedience of the idiot. Most of the 
intelligent, decent, coppers have gone leaving only the other kind 
and a few old school for whom the job must be a daily nightmare. 
The combination of psychopaths and rule-book software minds has 
been clearly on public display in the ‘Covid’ era with automaton 
robots in uniform imposing fascistic ‘Covid’ regulations on the 
population without any personal initiative or judging situations on 
their merits. There are thousands of examples around the world, but 
I’ll make my point with the infamous Derbyshire police in the 
English East Midlands — the ones who think pouring dye into beauty 
spots and using drones to track people walking in the countryside 
away from anyone is called ‘policing’. To them there are rules 
decreed by the government which they have to enforce and in their 
bewildered state a group gathering in a closed space and someone 
walking alone in the countryside are the same thing. It is beyond 
idiocy and enters the realm of clinical insanity. 


Police officers in Derbyshire said they were ‘horrified’ — horrified — 
to find 15 to 20 ‘irresponsible’ kids playing a football match at a 
closed leisure centre ‘in breach of coronavirus restrictions’. When 
they saw the police the kids ran away leaving their belongings 
behind and the reframed men and women of Derbyshire police were 
seeking to establish their identities with a view to fining their 
parents. The most natural thing for youngsters to do — kicking a ball 
about — is turned into a criminal activity and enforced by the 
moronic software programs of Derbyshire police. You find the same 
mentality in every country. These barely conscious ‘horrified’ officers 
said they had to take action because ‘we need to ensure these rules 
are being followed’ and ‘it is of the utmost importance that you 
ensure your children are following the rules and regulations for 
Covid-19’. Had any of them done ten seconds of research to see if 
this parroting of their masters’ script could be supported by any 
evidence? Nope. Reframed people don’t think — others think for 
them and that’s the whole idea of reframing. I have seen police 
officers one after the other repeating without question word for 
word what officialdom tells them just as I have seen great swathes of 
the public doing the same. Ask either for ‘their’ opinion and out 
spews what they have been told to think by the official narrative. 
Police and public may seem to be in different groups, but their 
mentality is the same. Most people do whatever they are told in fear 
not doing so or because they believe what officialdom tells them; 
almost the entirety of the police do what they are told for the same 
reason. Ultimately it’s the tiny inner core of the global Cult that’s 
telling both what to do. 

So Derbyshire police were ‘horrified’. Oh, really? Why did they 
think those kids were playing football? It was to relieve the 
psychological consequences of lockdown and being denied human 
contact with their friends and interaction, touch and discourse vital 
to human psychological health. Being denied this month after month 
has dismantled the psyche of many children and young people as 
depression and suicide have exploded. Were Derbyshire police 
horrified by that? Are you kidding? Reframed people don’t have those 


mental and emotional processes that can see how the impact on the 
psychological health of youngsters is far more dangerous than any 
‘virus’ even if you take the mendacious official figures to be true. The 
reframed are told (programmed) how to act and so they do. The 
Derbyshire Chief Constable in the first period of lockdown when the 
black dye and drones nonsense was going on was Peter Goodman. 
He was the man who severed the connection between his force and 
the Derbyshire Constabulary Male Voice Choir when he decided that 
it was not inclusive enough to allow women to join. The fact it was a 
male voice choir making a particular sound produced by male voices 
seemed to elude a guy who terrifyingly ran policing in Derbyshire. 
He retired weeks after his force was condemned as disgraceful by 
former Supreme Court Justice Jonathan Sumption for their 
behaviour over extreme lockdown impositions. Goodman was 
replaced by his deputy Rachel Swann who was in charge when her 
officers were ‘horrified’. The police statement over the boys 
committing the hanging-offence of playing football included the line 
about the youngsters being ‘irresponsible in the times we are all 
living through’ missing the point that the real relevance of the ‘times 
we are all living through’ is the imposition of fascism enforced by 
psychopaths and reframed minds of police officers playing such a 
vital part in establishing the fascist tyranny that their own children 
and grandchildren will have to live in their entire lives. As a 
definition of insanity that is hard to beat although it might be run 
close by imposing masks on people that can have a serious effect on 
their health while wearing a face nappy all day themselves. Once 
again public and police do it for the same reason — the authorities tell 
them to and who are they to have the self-respect to say no? 


Wokers in uniform 

How reframed do you have to be to arrest a six-year-old and take him 
to court for picking a flower while waiting for a bus? Brain dead police 
and officialdom did just that in North Carolina where criminal 
proceedings happen regularly for children under nine. Attorney 
Julie Boyer gave the six-year-old crayons and a colouring book 


during the ‘flower’ hearing while the ‘adults’ decided his fate. 
County Chief District Court Judge Jay Corpening asked: ‘Should a 
child that believes in Santa Claus, the Easter Bunny and the tooth 
fairy be making life-altering decisions?’ Well, of course not, but 
common sense has no meaning when you have a common purpose 
and a reframed mind. Treating children in this way, and police 
operating in American schools, is all part of the psychological 
preparation for children to accept a police state as normal all their 
adult lives. The same goes for all the cameras and biometric tracking 
technology in schools. Police training is focused on reframing them 
as snowflake Wokers and this is happening in the military. Pentagon 
top brass said that ‘training sessions on extremism’ were needed for 
troops who asked why they were so focused on the Capitol Building 
riot when Black Lives Matter riots were ignored. What’s the 
difference between them some apparently and rightly asked. 
Actually, there is a difference. Five people died in the Capitol riot, 
only one through violence, and that was a police officer shooting an 
unarmed protestor. BLM riots killed at least 25 people and cost 
billions. Asking the question prompted the psychopaths and 
reframed minds that run the Pentagon to say that more ‘education’ 
(programming) was needed. Troop training is all based on 
psychological programming to make them fodder for the Cult — 
‘Military men are just dumb, stupid animals to be used as pawns in 
foreign policy’ as Cult-to-his-DNA former Secretary of State Henry 
Kissinger famously said. Governments see the police in similar terms 
and it’s time for those among them who can see this to defend the 
people and stop being enforcers of the Cult agenda upon the people. 
The US military, like the country itself, is being targeted for 
destruction through a long list of Woke impositions. Cult-owned 
gaga ‘President’ Biden signed an executive order when he took office 
to allow taxpayer money to pay for transgender surgery for active 
military personnel and veterans. Are you a man soldier? No, I’ma 
LGBTOQIA+ with a hint of Skoliosexual and Spectrasexual. Oh, good 
man. Bad choice of words you bigot. The Pentagon announced in 
March, 2021, the appointment of the first ‘diversity and inclusion 


officer’ for US Special Forces. Richard Torres-Estrada arrived with 
the publication of a ‘D&I Strategic Plan which will guide the 
enterprise-wide effort to institutionalize and sustain D&l’. If you 
think a Special Forces ‘Strategic Plan’ should have something to do 
with defending America you haven’t been paying attention. 
Defending Woke is now the military’s new role. Torres-Estrada has 
posted images comparing Donald Trump with Adolf Hitler and we 
can expect no bias from him as a representative of the supposedly 
non-political Pentagon. Cable news host Tucker Carlson said: ‘The 
Pentagon is now the Yale faculty lounge but with cruise missiles.’ 
Meanwhile Secretary of Defense Lloyd Austin, a board member of 
weapons-maker Raytheon with stock and compensation interests in 
October, 2020, worth $1.4 million, said he was purging the military 
of the ‘enemy within’ — anyone who isn’t Woke and supports Donald 
Trump. Austin refers to his targets as ‘racist extremists’ while in true 
Woke fashion being himself a racist extremist. Pentagon documents 
pledge to ‘eradicate, eliminate and conquer all forms of racism, 
sexism and homophobia’. The definitions of these are decided by 
‘diversity and inclusion committees’ peopled by those who see 
racism, sexism and homophobia in every situation and opinion. 
Woke (the Cult) is dismantling the US military and purging 
testosterone as China expands its military and gives its troops 
‘masculinity training’. How do we think that is going to end when 
this is all Cult coordinated? The US military, like the British military, 
is controlled by Woke and spineless top brass who just go along with 
it out of personal career interests. 


‘Woke’ means fast asleep 

Mind control and perception manipulation techniques used on 
individuals to create group-think have been unleashed on the global 
population in general. As a result many have no capacity to see the 
obvious fascist agenda being installed all around them or what 
‘Covid’ is really all about. Their brains are firewalled like a computer 
system not to process certain concepts, thoughts and realisations that 
are bad for the Cult. The young are most targeted as the adults they 


will be when the whole fascist global state is planned to be fully 
implemented. They need to be prepared for total compliance to 
eliminate all pushback from entire generations. The Cult has been 
pouring billions into taking complete control of ‘education’ from 
schools to universities via its operatives and corporations and not 
least Bill Gates as always. The plan has been to transform ‘education’ 
institutions into programming centres for the mentality of “Woke’. 
James McConnell, professor of psychology at the University of 
Michigan, wrote in Psychology Today in 1970: 


The day has come when we can combine sensory deprivation with drugs, hypnosis, and 
astute manipulation of reward and punishment, to gain almost absolute control over an 
individual’s behaviour. It should then be possible to achieve a very rapid and highly effective 
type of brainwashing that would allow us to make dramatic changes in a person’s behaviour 
and personality ... 


... We should reshape society so that we all would be trained from birth to want to do what 
society wants us to do. We have the techniques to do it... no-one owns his own personality 
you acquired, and there’s no reason to believe you should have the right to refuse to acquire a 
new personality if your old one is anti-social. 


This was the potential for mass brainwashing in 1970 and the 
mentality there displayed captures the arrogant psychopathy that 
drives it forward. I emphasise that not all young people have 
succumbed to Woke programming and those that haven’t are 
incredibly impressive people given that today’s young are the most 
perceptually-targeted generations in history with all the technology 
now involved. Vast swathes of the young generations, however, have 
fallen into the spell — and that’s what it is — of Woke. The Woke 
mentality and perceptual program is founded on inversion and you 
will appreciate later why that is so significant. Everything with Woke 
is inverted and the opposite of what it is claimed to be. Woke was a 
term used in African-American culture from the 1900s and referred 
to an awareness of social and racial justice. This is not the meaning 
of the modern version or ‘New Woke’ as I call it in The Answer. Oh, 
no, Woke today means something very different no matter how 
much Wokers may seek to hide that and insist Old Woke and New 


Woke are the same. See if you find any ‘awareness of social justice’ 
here in the modern variety: 


e¢ Woke demands ‘inclusivity’ while excluding anyone with a 
different opinion and calls for mass censorship to silence other 
views. 


e Woke claims to stand against oppression when imposing 
oppression is the foundation of all that it does. It is the driver of 
political correctness which is nothing more than a Cult invention 
to manipulate the population to silence itself. 


¢ Woke believes itself to be ‘liberal’ while pursuing a global society 
that can only be described as fascist (see ‘anti-fascist’ fascist 
Antifa). 


¢ Woke calls for ‘social justice’ while spreading injustice wherever it 
goes against the common ‘enemy’ which can be easily identified 
as a differing view. 


e Woke is supposed to be a metaphor for ‘awake’ when it is solid- 
gold asleep and deep in a Cult-induced coma that meets the 
criteria for ‘off with the fairies’. 


I state these points as obvious facts if people only care to look. I 
don’t do this with a sense of condemnation. We need to appreciate 
that the onslaught of perceptual programming on the young has 
been incessant and merciless. I can understand why so many have 
been reframed, or, given their youth, framed from the start to see the 
world as the Cult demands. The Cult has had access to their minds 
day after day in its ‘education’ system for their entire formative 
years. Perception is formed from information received and the Cult- 
created system is a life-long download of information delivered to 
elicit a particular perception, thus behaviour. The more this has 
expanded into still new extremes in recent decades and ever- 
increasing censorship has deleted other opinions and information 
why wouldn't that lead to a perceptual reframing on a mass scale? I 


have described already cradle-to-grave programming and in more 
recent times the targeting of young minds from birth to adulthood 
has entered the stratosphere. This has taken the form of skewing 
what is ‘taught’ to fit the Cult agenda and the omnipresent 
techniques of group-think to isolate non-believers and pressure them 
into line. There has always been a tendency to follow the herd, but 
we really are in anew world now in relation to that. We have parents 
who can see the ‘Covid’ hoax told by their children not to stop them 
wearing masks at school, being “Covid’ tested or having the ‘vaccine’ 
in fear of the peer-pressure consequences of being different. What is 
‘peer-pressure’ if not pressure to conform to group-think? Renegade 
Minds never group-think and always retain a set of perceptions that 
are unique to them. Group-think is always underpinned by 
consequences for not group-thinking. Abuse now aimed at those 
refusing DNA-manipulating ‘Covid vaccines’ are a potent example 
of this. The biggest pressure to conform comes from the very group 
which is itself being manipulated. ‘I am programmed to be part of a 
hive mind and so you must be.’ 


Woke control structures in ‘education’ now apply to every 
mainstream organisation. Those at the top of the ‘education’ 
hierarchy (the Cult) decide the policy. This is imposed on 
governments through the Cult network; governments impose it on 
schools, colleges and universities; their leadership impose the policy 
on teachers and academics and they impose it on children and 
students. At any level where there is resistance, perhaps from a 
teacher or university lecturer, they are targeted by the authorities 
and often fired. Students themselves regularly demand the dismissal 
of academics (increasingly few) at odds with the narrative that the 
students have been programmed to believe in. It is quite a thought 
that students who are being targeted by the Cult become so 
consumed by programmed group-think that they launch protests 
and demand the removal of those who are trying to push back 
against those targeting the students. Such is the scale of perceptual 
inversion. We see this with ‘Covid’ programming as the Cult 
imposes the rules via psycho-psychologists and governments on 


shops, transport companies and businesses which impose them on 
their staff who impose them on their customers who pressure 
Pushbackers to conform to the will of the Cult which is in the 
process of destroying them and their families. Scan all aspects of 
society and you will see the same sequence every time. 


Fact free Woke and hijacking the ‘left 

There is no more potent example of this than ‘Woke’, a mentality 
only made possible by the deletion of factual evidence by an 
‘education’ system seeking to produce an ever more uniform society. 
Why would you bother with facts when you don’t know any? 
Deletion of credible history both in volume and type is highly 
relevant. Orwell said: ‘Who controls the past controls the future: 
who controls the present controls the past.’ They who control the 
perception of the past control the perception of the future and they 
who control the present control the perception of the past through 
the writing and deleting of history. Why would you oppose the 
imposition of Marxism in the name of Wokeism when you don’t 
know that Marxism cost at least 100 million lives in the 20th century 
alone? Watch videos and read reports in which Woker generations 
are asked basic historical questions — it’s mind-blowing. A survey of 
2,000 people found that six percent of millennials (born 
approximately early1980s to early 2000s) believed the Second World 
War (1939-1945) broke out with the assassination of President 
Kennedy (in 1963) and one in ten thought Margaret Thatcher was 
British Prime Minister at the time. She was in office between 1979 
and 1990. We are in a post-fact society. Provable facts are no defence 
against the fascism of political correctness or Silicon Valley 
censorship. Facts don’t matter anymore as we have witnessed with 
the ‘Covid’ hoax. Sacrificing uniqueness to the Woke group-think 
religion is all you are required to do and that means thinking for 
yourself is the biggest Woke no, no. All religions are an expression of 
group-think and censorship and Woke is just another religion with 
an orthodoxy defended by group-think and censorship. Burned at 


the stake becomes burned on Twitter which leads back eventually to 
burned at the stake as Woke humanity regresses to ages past. 


The biggest Woke inversion of all is its creators and funders. I 
grew up in a traditional left of centre political household on a 
council estate in Leicester in the 1950s and 60s — you know, the left 
that challenged the power of wealth-hoarding elites and threats to 
freedom of speech and opinion. In those days students went on 
marches defending freedom of speech while today’s Wokers march 
for its deletion. What on earth could have happened? Those very 
elites (collectively the Cult) that we opposed in my youth and early 
life have funded into existence the antithesis of that former left and 
hijacked the ‘brand’ while inverting everything it ever stood for. We 
have a mentality that calls itself ‘liberal’ and ‘progressive’ while 
acting like fascists. Cult billionaires and their corporations have 
funded themselves into control of ‘education’ to ensure that Woke 
programming is unceasing throughout the formative years of 
children and young people and that non-Wokers are isolated (that 
word again) whether they be students, teachers or college professors. 
The Cult has funded into existence the now colossal global network 
of Woke organisations that have spawned and promoted all the 
‘causes’ on the Cult wish-list for global transformation and turned 
Wokers into demanders of them. Does anyone really think it’s a 
coincidence that the Cult agenda for humanity is a carbon (sorry) 
copy of the societal transformations desired by Woke?? These are 
only some of them: 


Political correctness: The means by which the Cult deletes all public 
debates that it knows it cannot win if we had the free-flow of 
information and evidence. 


Human-caused ‘climate change’: The means by which the Cult 
seeks to transform society into a globally-controlled dictatorship 
imposing its will over the fine detail of everyone’s lives ‘to save the 
planet’ which doesn’t actually need saving. 


Transgender obsession: Preparing collective perception to accept the 
‘new human’ which would not have genders because it would be 
created technologically and not through procreation. I'll have much 
more on this in Human 2.0. 


Race obsession: The means by which the Cult seeks to divide and 
rule the population by triggering racial division through the 
perception that society is more racist than ever when the opposite is 
the case. Is it perfect in that regard? No. But to compare today with 
the racism of apartheid and segregation brought to an end by the 
civil rights movement in the 1960s is to insult the memory of that 
movement and inspirations like Martin Luther King. Why is the 
‘anti-racism’ industry (which it is) so dominated by privileged white 
people? 


White supremacy: This is a label used by privileged white people to 
demonise poor and deprived white people pushing back on tyranny 
to marginalise and destroy them. White people are being especially 
targeted as the dominant race by number within Western society 
which the Cult seeks to transform in its image. If you want to change 
a society you must weaken and undermine its biggest group and 
once you have done that by using the other groups you next turn on 
them to do the same ... ‘Then they came for the Jews and I was not a 
Jew so I did nothing.’ 


Mass migration: The mass movement of people from the Middle 
East, Africa and Asia into Europe, from the south into the United 
States and from Asia into Australia are another way the Cult seeks to 
dilute the racial, cultural and political influence of white people on 
Western society. White people ask why their governments appear to 
be working against them while being politically and culturally 
biased towards incoming cultures. Well, here’s your answer. In the 
same way sexually ‘straight’ people, men and women, ask why the 


authorities are biased against them in favour of other sexualities. The 
answer is the same — that’s the way the Cult wants it to be for very 
sinister motives. 


These are all central parts of the Cult agenda and central parts of the 
Woke agenda and Woke was created and continues to be funded to 
an immense degree by Cult billionaires and corporations. If anyone 
begins to say ‘coincidence’ the syllables should stick in their throat. 


Billionaire ‘social justice warriors’ 

Joe Biden is a 100 percent-owned asset of the Cult and the Wokers’ 
man in the White House whenever he can remember his name and 
for however long he lasts with his rapidly diminishing cognitive 
function. Even walking up the steps of an aircraft without falling on 
his arse would appear to be a challenge. He’s not an empty-shell 
puppet or anything. From the minute Biden took office (or the Cult 
did) he began his executive orders promoting the Woke wish-list. 
You will see the Woke agenda imposed ever more severely because 
it’s really the Cult agenda. Woke organisations and activist networks 
spawned by the Cult are funded to the extreme so long as they 
promote what the Cult wants to happen. Woke is funded to promote 
‘social justice’ by billionaires who become billionaires by destroying 
social justice. The social justice mantra is only a cover for 
dismantling social justice and funded by billionaires that couldn't 
give a damn about social justice. Everything makes sense when you 
see that. One of Woke’s premier funders is Cult billionaire financier 
George Soros who said: ‘I am basically there to make money, I 
cannot and do not look at the social consequences of what I do.’ This 
is the same Soros who has given more than $32 billion to his Open 
Society Foundations global Woke network and funded Black Lives 
Matter, mass immigration into Europe and the United States, 
transgender activism, climate change activism, political correctness 
and groups targeting ‘white supremacy’ in the form of privileged 
white thugs that dominate Antifa. What a scam it all is and when 


you are dealing with the unquestioning fact-free zone of Woke 
scamming them is child’s play. All you need to pull it off in all these 
organisations are a few in-the-know agents of the Cult and an army 
of naive, reframed, uninformed, narcissistic, know-nothings 
convinced of their own self-righteousness, self-purity and virtue. 


Soros and fellow billionaires and billionaire corporations have 
poured hundreds of millions into Black Lives Matter and connected 
groups and promoted them to a global audience. None of this is 
motivated by caring about black people. These are the billionaires 
that have controlled and exploited a system that leaves millions of 
black people in abject poverty and deprivation which they do 
absolutely nothing to address. The same Cult networks funding 
BLM were behind the slave trade! Black Lives Matter hijacked a 
phrase that few would challenge and they have turned this laudable 
concept into a political weapon to divide society. You know that 
BLM is a fraud when it claims that Al] Lives Matter, the most 
inclusive statement of all, is ‘racist’. BLM and its Cult masters don’t 
want to end racism. To them it’s a means to an end to control all of 
humanity never mind the colour, creed, culture or background. 
What has destroying the nuclear family got to do with ending 
racism? Nothing — but that is one of the goals of BLM and also 
happens to be a goal of the Cult as I have been exposing in my books 
for decades. Stealing children from loving parents and giving 
schools ever more power to override parents is part of that same 
agenda. BLM is a Marxist organisation and why would that not be 
the case when the Cult created Marxism and BLM? Patrisse Cullors, a 
BLM co-founder, said in a 2015 video that she and her fellow 
organisers, including co-founder Alicia Garza, are ‘trained Marxists’. 
The lady known after marriage as Patrisse Khan-Cullors bought a 
$1.4 million home in 2021 in one of the whitest areas of California 
with a black population of just 1.6 per cent and has so far bought four 
high-end homes for a total of $3.2 million. How very Marxist. There 
must be a bit of spare in the BLM coffers, however, when Cult 
corporations and billionaires have handed over the best part of $100 
million. Many black people can see that Black Lives Matter is not 


working for them, but against them, and this is still more 
confirmation. Black journalist Jason Whitlock, who had his account 
suspended by Twitter for simply linking to the story about the 
‘Marxist’s’ home buying spree, said that BLM leaders are ‘making 
millions of dollars off the backs of these dead black men who they 
wouldn't spit on if they were on fire and alive’. 


Black Lies Matter 


Cult assets and agencies came together to promote BLM in the wake 
of the death of career criminal George Floyd who had been jailed a 
number of times including for forcing his way into the home of a 
black woman with others in a raid in which a gun was pointed at her 
stomach. Floyd was filmed being held in a Minneapolis street in 2020 
with the knee of a police officer on his neck and he subsequently 
died. It was an appalling thing for the officer to do, but the same 
technique has been used by police on peaceful protestors of 
lockdown without any outcry from the Woke brigade. As 
unquestioning supporters of the Cult agenda Wokers have 
supported lockdown and all the ‘Covid’ claptrap while attacking 
anyone standing up to the tyranny imposed in its name. Court 
documents would later include details of an autopsy on Floyd by 
County Medical Examiner Dr Andrew Baker who concluded that 
Floyd had taken a fatal level of the drug fentanyl. None of this 
mattered to fact-free, question-free, Woke. Floyd’s death was 
followed by worldwide protests against police brutality amid calls to 
defund the police. Throwing babies out with the bathwater is a 
Woke speciality. In the wake of the murder of British woman Sarah 
Everard a Green Party member of the House of Lords, Baroness 
Jones of Moulescoomb (Nincompoopia would have been better), 
called for a 6pm curfew for all men. This would be in breach of the 
Geneva Conventions on war crimes which ban collective 
punishment, but that would never have crossed the black and white 
Woke mind of Baroness Nincompoopia who would have been far 
too convinced of her own self-righteousness to compute such details. 
Many American cities did defund the police in the face of Floyd riots 


and after $15 million was deleted from the police budget in 
Washington DC under useless Woke mayor Muriel Bowser car- 
jacking alone rose by 300 percent and within six months the US 
capital recorded its highest murder rate in 15 years. The same 
happened in Chicago and other cities in line with the Cult/Soros 
plan to bring fear to streets and neighbourhoods by reducing the 
police, releasing violent criminals and not prosecuting crime. This is 
the mob-rule agenda that I have warned in the books was coming for 
so long. Shootings in the area of Minneapolis where Floyd was 
arrested increased by 2,500 percent compared with the year before. 
Defunding the police over George Floyd has led to a big increase in 
dead people with many of them black. Police protection for 
politicians making these decisions stayed the same or increased as 
you would expect from professional hypocrites. The Cult doesn’t 
actually want to abolish the police. It wants to abolish local control 
over the police and hand it to federal government as the 
psychopaths advance the Hunger Games Society. Many George 
Floyd protests turned into violent riots with black stores and 
businesses destroyed by fire and looting across America fuelled by 
Black Lives Matter. Woke doesn’t do irony. If you want civil rights 
you must loot the liquor store and the supermarket and make off 
with a smart TV. It’s the only way. 


It's not a race war - it's a class war 

Black people are patronised by privileged blacks and whites alike 
and told they are victims of white supremacy. I find it extraordinary 
to watch privileged blacks supporting the very system and bloodline 
networks behind the slave trade and parroting the same Cult-serving 
manipulative crap of their privileged white, often billionaire, 
associates. It is indeed not a race war but a class war and colour is 
just a diversion. Black Senator Cory Booker and black 
Congresswoman Maxine Waters, more residents of Nincompoopia, 
personify this. Once you tell people they are victims of someone else 
you devalue both their own responsibility for their plight and the 
power they have to impact on their reality and experience. Instead 


we have: ‘You are only in your situation because of whitey — turn on 
them and everything will change.’ It won’t change. Nothing changes 
in our lives unless we change it. Crucial to that is never seeing 
yourself as a victim and always as the creator of your reality. Life is a 
simple sequence of choice and consequence. Make different choices 
and you create different consequences. You have to make those 
choices — not Black Lives Matter, the Woke Mafia and anyone else 
that seeks to dictate your life. Who are they these Wokers, an 
emotional and psychological road traffic accident, to tell you what to 
do? Personal empowerment is the last thing the Cult and its Black 
Lives Matter want black people or anyone else to have. They claim to 
be defending the underdog while creating and perpetuating the 
underdog. The Cult’s worst nightmare is human unity and if they 
are going to keep blacks, whites and every other race under 
economic servitude and control then the focus must be diverted 
from what they have in common to what they can be manipulated to 
believe divides them. Blacks have to be told that their poverty and 
plight is the fault of the white bloke living on the street in the same 
poverty and with the same plight they are experiencing. The 
difference is that your plight black people is due to him, a white 
supremacist with ‘white privilege’ living on the street. Don’t unite as 
one human family against your mutual oppressors and suppressors 
— fight the oppressor with the white face who is as financially 
deprived as you are. The Cult knows that as its ‘Covid’ agenda 
moves into still new levels of extremism people are going to respond 
and it has been spreading the seeds of disunity everywhere to stop a 
united response to the evil that targets all of us. 


Racist attacks on ‘whiteness’ are getting ever more outrageous and 
especially through the American Democratic Party which has an 
appalling history for anti-black racism. Barack Obama, Joe Biden, 
Hillary Clinton and Nancy Pelosi all eulogised about Senator Robert 
Byrd at his funeral in 2010 after a nearly 60-year career in Congress. 
Byrd was a brutal Ku Klux Klan racist and a violent abuser of Cathy 
O’Brien in MKUltra. He said he would never fight in the military 
‘with a negro by my side’ and ‘rather I should die a thousand times, 


and see Old Glory trampled in the dirt never to rise again, than to 
see this beloved land of ours become degraded by race mongrels, a 
throwback to the blackest specimen from the wilds’. Biden called 
Byrd a ‘very close friend and mentor’. These ‘Woke’ hypocrites are 
not anti-racist they are anti-poor and anti-people not of their 
perceived class. Here is an illustration of the scale of anti-white 
racism to which we have now descended. Seriously Woke and 
moronic New York Times contributor Damon Young described 
whiteness as a ‘virus’ that ‘like other viruses will not die until there 
are no bodies left for it to infect’. He went on: ’... the only way to 
stop it is to locate it, isolate it, extract it, and kill it.’ Young can say 
that as a black man with no consequences when a white man saying 
the same in reverse would be facing a jail sentence. That’s racism. We 
had super-Woke numbskull senators Tammy Duckworth and Mazie 
Hirono saying they would object to future Biden Cabinet 
appointments if he did not nominate more Asian Americans and 
Pacific Islanders. Never mind the ability of the candidate what do 
they look like? Duckworth said: ‘I will vote for racial minorities and I 
will vote for LGBTQ, but anyone else I’m not voting for.’ Appointing 
people on the grounds of race is illegal, but that was not a problem 
for this ludicrous pair. They were on-message and that’s a free pass 
in any situation. 


White children are told at school they are intrinsically racist as they 
are taught the divisive ‘critical race theory’. This claims that the law 
and legal institutions are inherently racist and that race is a socially 
constructed concept used by white people to further their economic 
and political interests at the expense of people of colour. White is a 
‘virus’ as we've seen. Racial inequality results from ‘social, 
economic, and legal differences that white people create between 
races to maintain white interests which leads to poverty and 
criminality in minority communities’. I must tell that to the white 
guy sleeping on the street. The principal of East Side Community 
School in New York sent white parents a manifesto that called on 


them to become ‘white traitors’ and advocate for full “white 
abolition’. These people are teaching your kids when they urgently 
need a psychiatrist. The ‘school’ included a chart with ‘eight white 
identities’ that ranged from ‘white supremacist’ to ‘white abolition’ 
and defined the behaviour white people must follow to end ‘the 
regime of whiteness’. Woke blacks and their privileged white 
associates are acting exactly like the slave owners of old and Ku Klux 
Klan racists like Robert Byrd. They are too full of their own self- 
purity to see that, but it’s true. Racism is not a body type; it’s a state 
of mind that can manifest through any colour, creed or culture. 


Another racial fraud is ‘equity’. Not equality of treatment and 
opportunity — equity. It’s a term spun as equality when it means 
something very different. Equality in its true sense is a raising up 
while ‘equity’ is a race to the bottom. Everyone in the same level of 
poverty is ‘equity’. Keep everyone down - that’s equity. The Cult 
doesn’t want anyone in the human family to be empowered and 
BLM leaders, like all these ‘anti-racist’ organisations, continue their 
privileged, pampered existence by perpetuating the perception of 
gathering racism. When is the last time you heard an ‘anti-racist’ or 
‘anti-Semitism’ organisation say that acts of racism and 
discrimination have fallen? It’s not in the interests of their fund- 
raising and power to influence and the same goes for the 
professional soccer anti-racism operation, Kick It Out. Two things 
confirmed that the Black Lives Matter riots in the summer of 2020 
were Cult creations. One was that while anti-lockdown protests were 
condemned in this same period for ‘transmitting ‘Covid’ the 
authorities supported mass gatherings of Black Lives Matter 
supporters. I even saw self-deluding people claiming to be doctors 
say the two types of protest were not the same. No — the non-existent 
‘Covid’ was in favour of lockdowns and attacked those that 
protested against them while ‘Covid’ supported Black Lives Matter 
and kept well away from its protests. The whole thing was a joke 
and as lockdown protestors were arrested, often brutally, by 
reframed Face-Nappies we had the grotesque sight of police officers 
taking the knee to Black Lives Matter, a Cult-funded Marxist 


organisation that supports violent riots and wants to destroy the 
nuclear family and white people. 


He’s not white? Shucks! 

Woke obsession with race was on display again when ten people 
were shot dead in Boulder, Colorado, in March, 2021. Cult-owned 
Woke TV channels like CNN said the shooter appeared to be a white 
man and Wokers were on Twitter condemning ‘violent white men’ 
with the usual mantras. Then the shooter’s name was released as 
Ahmad Al Aliwi Alissa, an anti-Trump Arab-American, and the sigh 
of disappointment could be heard five miles away. Never mind that 
ten people were dead and what that meant for their families. Race 
baiting was all that mattered to these sick Cult-serving people like 
Barack Obama who exploited the deaths to further divide America 
on racial grounds which is his job for the Cult. This is the man that 
‘racist’ white Americans made the first black president of the United 
States and then gave him a second term. Not-very-bright Obama has 
become filthy rich on the back of that and today appears to have a 
big influence on the Biden administration. Even so he’s still a 
downtrodden black man and a victim of white supremacy. This 
disingenuous fraud reveals the contempt he has for black people 
when he puts on a Deep South Alabama accent whenever he talks to 
them, no, at them. 


Another BLM red flag was how the now fully-Woke (fully-Cult) 
and fully-virtue-signalled professional soccer authorities had their 
teams taking the knee before every match in support of Marxist 
Black Lives Matter. Soccer authorities and clubs displayed ‘Black 
Lives Matter’ on the players’ shirts and flashed the name on 
electronic billboards around the pitch. Any fans that condemned 
what is a Freemasonic taking-the-knee ritual were widely 
condemned as you would expect from the Woke virtue-signallers of 
professional sport and the now fully-Woke media. We have reverse 
racism in which you are banned from criticising any race or culture 
except for white people for whom anything goes — say what you like, 
no problem. What has this got to do with racial harmony and 


equality? We’ve had black supremacists from Black Lives Matter 
telling white people to fall to their knees in the street and apologise 
for their white supremacy. Black supremacists acting like white 
supremacist slave owners of the past couldn't breach their self- 
obsessed, race-obsessed sense of self-purity. Joe Biden appointed a 
race-obsessed black supremacist Kristen Clarke to head the Justice 
Department Civil Rights Division. Clarke claimed that blacks are 
endowed with ‘greater mental, physical and spiritual abilities’ than 
whites. If anyone reversed that statement they would be vilified. 
Clarke is on-message so no problem. She’s never seen a black-white 
situation in which the black figure is anything but a virtuous victim 
and she heads the Civil Rights Division which should treat everyone 
the same or it isn’t civil rights. Another perception of the Renegade 
Mind: If something or someone is part of the Cult agenda they will 
be supported by Woke governments and media no matter what. If 
they’re not, they will be condemned and censored. It really is that 
simple and so racist Clarke prospers despite (make that because of) 
her racism. 


The end of culture 


Biden’s administration is full of such racial, cultural and economic 
bias as the Cult requires the human family to be divided into 
watring factions. We are now seeing racially-segregated graduations 
and everything, but everything, is defined through the lens of 
perceived ‘racism. We have ‘racist’ mathematics, ‘racist’ food and 
even ‘racist’ plants. World famous Kew Gardens in London said it 
was changing labels on plants and flowers to tell its pre-‘Covid’ 
more than two million visitors a year how racist they are. Kew 
director Richard Deverell said this was part of an effort to “move 
quickly to decolonise collections’ after they were approached by one 
Ajay Chhabra ‘an actor with an insight into how sugar cane was 
linked to slavery’. They are plants you idiots. ‘Decolonisation’ in the 
Woke manual really means colonisation of society with its mentality 
and by extension colonisation by the Cult. We are witnessing a new 
Chinese-style ‘Cultural Revolution’ so essential to the success of all 


Marxist takeovers. Our cultural past and traditions have to be swept 
away to allow a new culture to be built-back-better. Woke targeting 
of long-standing Western cultural pillars including historical 
monuments and cancelling of historical figures is what happened in 
the Mao revolution in China which ‘purged remnants of capitalist 
and traditional elements from Chinese society’ and installed Maoism 
as the dominant ideology’. For China see the Western world today 
and for ‘dominant ideology’ see Woke. Better still see Marxism or 
Maoism. The ‘Covid’ hoax has specifically sought to destroy the arts 
and all elements of Western culture from people meeting in a pub or 
restaurant to closing theatres, music venues, sports stadiums, places 
of worship and even banning singing. Destruction of Western society 
is also why criticism of any religion is banned except for Christianity 
which again is the dominant religion as white is the numerically- 
dominant race. Christianity may be fading rapidly, but its history 
and traditions are weaved through the fabric of Western society. 
Delete the pillars and other structures will follow until the whole 
thing collapses. I am not a Christian defending that religion when I 
say that. I have no religion. It’s just a fact. To this end Christianity 
has itself been turned Woke to usher its own downfall and its ranks 
are awash with ‘change agents’ — knowing and unknowing — at 
every level including Pope Francis (definitely knowing) and the 
clueless Archbishop of Canterbury Justin Welby (possibly not, but 
who can be sure?). Woke seeks to coordinate attacks on Western 
culture, traditions, and ways of life through ‘intersectionality’ 
defined as ‘the complex, cumulative way in which the effects of 
multiple forms of discrimination (such as racism, sexism, and 
classism) combine, overlap, or intersect especially in the experiences 
of marginalised individuals or groups’. Wade through the Orwellian 
Woke-speak and this means coordinating disparate groups in a 
common cause to overthrow freedom and liberal values. 


The entire structure of public institutions has been infested with 
Woke — government at all levels, political parties, police, military, 
schools, universities, advertising, media and trade unions. This 
abomination has been achieved through the Cult web by appointing 


Wokers to positions of power and battering non-Wokers into line 
through intimidation, isolation and threats to their job. Many have 
been fired in the wake of the empathy-deleted, vicious hostility of 
‘social justice’ Wokers and the desire of gutless, spineless employers 
to virtue-signal their Wokeness. Corporations are filled with Wokers 
today, most notably those in Silicon Valley. Ironically at the top they 
are not Woke at all. They are only exploiting the mentality their Cult 
masters have created and funded to censor and enslave while the 
Wokers cheer them on until it’s their turn. Thus the Woke ‘liberal 
left’ is an inversion of the traditional liberal left. Campaigning for 
justice on the grounds of power and wealth distribution has been 
replaced by campaigning for identity politics. The genuine 
traditional left would never have taken money from today’s 
billionaire abusers of fairness and justice and nor would the 
billionaires have wanted to fund that genuine left. It would not have 
been in their interests to do so. The division of opinion in those days 
was between the haves and have nots. This all changed with Cult 
manipulated and funded identity politics. The division of opinion 
today is between Wokers and non-Wokers and not income brackets. 
Cult corporations and their billionaires may have taken wealth 
disparity to cataclysmic levels of injustice, but as long as they speak 
the language of Woke, hand out the dosh to the Woke network and 
censor the enemy they are ‘one of us’. Billionaires who don’t give a 
damn about injustice are laughing at them till their bellies hurt. 
Wokers are not even close to self-aware enough to see that. The 
transformed ‘left’ dynamic means that Wokers who drone on about 
‘social justice’ are funded by billionaires that have destroyed social 
justice the world over. It’s why they are billionaires. 


The climate con 

Nothing encapsulates what I have said more comprehensively than 
the hoax of human-caused global warming. I have detailed in my 
books over the years how Cult operatives and organisations were the 


pump-primers from the start of the climate con. A purpose-built 
vehicle for this is the Club of Rome established by the Cult in 1968 


with the Rockefellers and Rothschilds centrally involved all along. 
Their gofer frontman Maurice Strong, a Canadian oil millionaire, 
hosted the Earth Summit in Rio de Janeiro, Brazil, in 1992 where the 
global ‘green movement’ really expanded in earnest under the 
guiding hand of the Cult. The Earth Summit established Agenda 21 
through the Cult-created-and-owned United Nations to use the 
illusion of human-caused climate change to justify the 
transformation of global society to save the world from climate 
disaster. It is a No-Problem-Reaction-Solution sold through 
governments, media, schools and universities as whole generations 
have been terrified into believing that the world was going to end in 
their lifetimes unless what old people had inflicted upon them was 
stopped by a complete restructuring of how everything is done. 
Chill, kids, it’s all a hoax. Such restructuring is precisely what the 
Cult agenda demands (purely by coincidence of course). Today this 
has been given the codename of the Great Reset which is only an 
updated term for Agenda 21 and its associated Agenda 2030. The 
latter, too, is administered through the UN and was voted into being 
by the General Assembly in 2015. Both 21 and 2030 seek centralised 
control of all resources and food right down to the raindrops falling 
on your own land. These are some of the demands of Agenda 21 
established in 1992. See if you recognise this society emerging today: 


e End national sovereignty 

e State planning and management of all land resources, ecosystems, 
deserts, forests, mountains, oceans and fresh water; agriculture; 
rural development; biotechnology; and ensuring ‘equity’ 

e The state to ‘define the role’ of business and financial resources 

e Abolition of private property 

e ‘Restructuring’ the family unit (see BLM) 

¢ Children raised by the state 

¢ People told what their job will be 

e Major restrictions on movement 

¢ Creation of ‘human settlement zones’ 


e Mass resettlement as people are forced to vacate land where they 
live 

e Dumbing down education 

¢ Mass global depopulation in pursuit of all the above 


The United Nations was created as a Trojan horse for world 
government. With the climate con of critical importance to 
promoting that outcome you would expect the UN to be involved. 
Oh, it’s involved all right. The UN is promoting Agenda 21 and 
Agenda 2030 justified by ‘climate change’ while also driving the 
climate hoax through its Intergovernmental Panel on Climate 
Change (IPCC), one of the world’s most corrupt organisations. The 
IPCC has been lying ferociously and constantly since the day it 
opened its doors with the global media hanging unquestioningly on 
its every mendacious word. The Green movement is entirely Woke 
and has long lost its original environmental focus since it was co- 
opted by the Cult. An obsession with ‘global warming’ has deleted 
its values and scrambled its head. I experienced a small example of 
what I mean on a beautiful country walk that I have enjoyed several 
times a week for many years. The path merged into the fields and 
forests and you felt at one with the natural world. Then a ‘Green’ 
organisation, the Hampshire and Isle of Wight Wildlife Trust, took 
over part of the land and proceeded to cut down a large number of 
trees, including mature ones, to install a horrible big, bright steel 
‘this-is-ours-stay-out’ fence that destroyed the whole atmosphere of 
this beautiful place. No one with a feel for nature would do that. Day 
after day I walked to the sound of chainsaws and a magnificent 
mature weeping willow tree that Iso admired was cut down at the 
base of the trunk. When I challenged a Woke young girl in a green 
shirt (of course) about this vandalism she replied: ‘It’s a weeping 
willow — it will grow back.’ This is what people are paying for when 
they donate to the Hampshire and Isle of Wight Wildlife Trust and 
many other ‘green’ organisations today. It is not the environmental 
movement that I knew and instead has become a support-system — 
as with Extinction Rebellion — for a very dark agenda. 


Private jets for climate justice 

The Cult-owned, Gates-funded, World Economic Forum and its 
founder Klaus Schwab were behind the emergence of Greta 
Thunberg to harness the young behind the climate agenda and she 
was invited to speak to the world at ... the UN. Schwab published a 
book, Covid-19: The Great Reset in 2020 in which he used the ‘Covid’ 
hoax and the climate hoax to lay out a new society straight out of 
Agenda 21 and Agenda 2030. Bill Gates followed in early 2021 when 
he took time out from destroying the world to produce a book in his 
name about the way to save it. Gates flies across the world in private 
jets and admitted that ‘I probably have one of the highest 
greenhouse gas footprints of anyone on the planet ... my personal 
flying alone is gigantic.’ He has also bid for the planet’s biggest 
private jet operator. Other climate change saviours who fly in private 
jets include John Kerry, the US Special Presidential Envoy for 
Climate, and actor Leonardo DiCaprio, a ‘UN Messenger of Peace 
with special focus on climate change’. These people are so full of 
bullshit they could corner the market in manure. We mustn't be 
sceptical, though, because the Gates book, How to Avoid a Climate 
Disaster: The Solutions We Have and the Breakthroughs We Need, is a 
genuine attempt to protect the world and not an obvious pile of 
excrement attributed to a mega-psychopath aimed at selling his 
masters’ plans for humanity. The Gates book and the other shite-pile 
by Klaus Schwab could have been written by the same person and 
may well have been. Both use ‘climate change’ and ‘Covid’ as the 
excuses for their new society and by coincidence the Cult’s World 
Economic Forum and Bill and Melinda Gates Foundation promote 
the climate hoax and hosted Event 201 which pre-empted with a 
‘simulation’ the very ‘coronavirus’ hoax that would be simulated for 
real on humanity within weeks. The British ‘royal’ family is 
promoting the ‘Reset’ as you would expect through Prince ‘climate 
change caused the war in Syria’ Charles and his hapless son Prince 
William who said that we must ‘reset our relationship with nature 
and our trajectory as a species’ to avoid a climate disaster. Amazing 
how many promotors of the ‘Covid’ and ‘climate change’ control 


systems are connected to Gates and the World Economic Forum. A 
‘study’ in early 2021 claimed that carbon dioxide emissions must fall 
by the equivalent of a global lockdown roughly every two years for 
the next decade to save the planet. The ‘study’ appeared in the same 
period that the Schwab mob claimed in a video that lockdowns 
destroying the lives of billions are good because they make the earth 
‘quieter’ with less ‘ambient noise’. They took down the video amid a 
public backlash for such arrogant, empathy-deleted stupidity You 
see, however, where they are going with this. Corinne Le Quéré, a 
professor at the Tyndall Centre for Climate Change Research, 
University of East Anglia, was lead author of the climate lockdown 
study, and she writes for ... the World Economic Forum. Gates calls 
in ‘his’ book for changing ‘every aspect of the economy’ (long-time 
Cult agenda) and for humans to eat synthetic ‘meat’ (predicted in 
my books) while cows and other farm animals are eliminated. 
Australian TV host and commentator Alan Jones described what 
carbon emission targets would mean for farm animals in Australia 
alone if emissions were reduced as demanded by 35 percent by 2030 
and zero by 2050: 


Well, let’s take agriculture, the total emissions from agriculture are about 75 million tonnes of 
carbon dioxide, equivalent. Now reduce that by 35 percent and you have to come down to 
50 million tonnes, I’ve done the maths. So if you take for example 1.5 million cows, you’re 
going to have to reduce the herd by 525,000 [by] 2030, nine years, that’s 58,000 cows a year. 
The beef herd’s 30 million, reduce that by 35 percent, that’s 10.5 million, which means 1.2 
million cattle have to go every year between now and 2030. This is insanity! 


There are 75 million sheep. Reduce that by 35 percent, that’s 26 million sheep, that’s almost 3 
million a year. So under the Paris Agreement over 30 million beasts. dairy cows, cattle, pigs 
and sheep would go. More than 8,000 every minute of every hour for the next decade, do 
these people know what they’re talking about? 


Clearly they don’t at the level of campaigners, politicians and 
administrators. The Cult does know; that’s the outcome it wants. We 
are faced with not just a war on humanity. Animals and the natural 
world are being targeted and I have been saying since the “Covid’ 
hoax began that the plan eventually was to claim that the ‘deadly 
virus’ is able to jump from animals, including farm animals and 


domestic pets, to humans. Just before this book went into production 
came this story: ‘Russia registers world’s first Covid-19 vaccine for 
cats & dogs as makers of Sputnik V warn pets & farm animals could 
spread virus’. The report said ‘top scientists warned that the deadly 
pathogen could soon begin spreading through homes and farms’ 
and ‘the next stage is the infection of farm and domestic animals’. 
Know the outcome and you'll see the journey. Think what that 
would mean for animals and keep your eye on a term called 
zoonosis or zoonotic diseases which transmit between animals and 
humans. The Cult wants to break the connection between animals 
and people as it does between people and people. Farm animals fit 
with the Cult agenda to transform food from natural to synthetic. 


The gas of life is killing us 

There can be few greater examples of Cult inversion than the 
condemnation of carbon dioxide as a dangerous pollutant when it is 
the gas of life. Without it the natural world would be dead and so we 
would all be dead. We breathe in oxygen and breathe out carbon 
dioxide while plants produce oxygen and absorb carbon dioxide. It 
is a perfect symbiotic relationship that the Cult wants to dismantle 
for reasons I will come to in the final two chapters. Gates, Schwab, 
other Cult operatives and mindless repeaters, want the world to be 
‘carbon neutral’ by at least 2050 and the earlier the better. ‘Zero 
carbon’ is the cry echoed by lunatics calling for ‘Zero Covid’ when 
we already have it. These carbon emission targets will 
deindustrialise the world in accordance with Cult plans — the post- 
industrial, post-democratic society — and with so-called renewables 
like solar and wind not coming even close to meeting human energy 
needs blackouts and cold are inevitable. Texans got the picture in the 
winter of 2021 when a snow storm stopped wind turbines and solar 
panels from working and the lights went down along with water 
which relies on electricity for its supply system. Gates wants 
everything to be powered by electricity to ensure that his masters 
have the kill switch to stop all human activity, movement, cooking, 
water and warmth any time they like. The climate lie is so 


stupendously inverted that it claims we must urgently reduce 
carbon dioxide when we don’t have enough. 

Co2 in the atmosphere is a little above 400 parts per million when 
the optimum for plant growth is 2,000 ppm and when it falls 
anywhere near 150 ppm the natural world starts to die and so do we. 
It fell to as low as 280 ppm in an 1880 measurement in Hawaii and 
rose to 413 ppm in 2019 with industrialisation which is why the 
planet has become greener in the industrial period. How insane then 
that psychopathic madman Gates is not satisfied only with blocking 
the rise of Co2. He’s funding technology to suck it out of the 
atmosphere. The reason why will become clear. The industrial era is 
not destroying the world through Co2 and has instead turned 
around a potentially disastrous ongoing fall in Co2. Greenpeace co- 
founder and scientist Patrick Moore walked away from Greenpeace 
in 1986 and has exposed the green movement for fear-mongering 
and lies. He said that 500 million years ago there was 17 times more 
Co2 in the atmosphere than we have today and levels have been 
falling for hundreds of millions of years. In the last 150 million years 
Co2 levels in Earth’s atmosphere had reduced by 90 percent. Moore 
said that by the time humanity began to unlock carbon dioxide from 
fossil fuels we were at ‘38 seconds to midnight’ and in that sense: 
‘Humans are [the Earth’s] salvation.’ Moore made the point that only 
half the Co2 emitted by fossil fuels stays in the atmosphere and we 
should remember that all pollution pouring from chimneys that we 
are told is carbon dioxide is in fact nothing of the kind. It’s pollution. 
Carbon dioxide is an invisible gas. 


William Happer, Professor of Physics at Princeton University and 
long-time government adviser on climate, has emphasised the Co2 
deficiency for maximum growth and food production. Greenhouse 
growers don’t add carbon dioxide for a bit of fun. He said that most 
of the warming in the last 100 years, after the earth emerged from 
the super-cold period of the ‘Little Ice Age’ into a natural warming 
cycle, was over by 1940. Happer said that a peak year for warming in 
1988 can be explained by a ‘monster El Nino’ which is a natural and 
cyclical warming of the Pacific that has nothing to do with ‘climate 


change’. He said the effect of Co2 could be compared to painting a 
wall with red paint in that once two or three coats have been applied 
it didn’t matter how much more you slapped on because the wall 
will not get much redder. Almost all the effect of the rise in Co2 has 
already happened, he said, and the volume in the atmosphere would 
now have to double to increase temperature by a single degree. 
Climate hoaxers know this and they have invented the most 
ridiculously complicated series of ‘feedback’ loops to try to 
overcome this rather devastating fact. You hear puppet Greta going 
on cluelessly about feedback loops and this is why. 


The Sun affects temperature? No you climate denier 

Some other nonsense to contemplate: Climate graphs show that rises 
in temperature do not follow rises in Co2 — it’s the other way round 
with a lag between the two of some 800 years. If we go back 800 
years from present time we hit the Medieval Warm Period when 
temperatures were higher than now without any industrialisation 
and this was followed by the Little Ice Age when temperatures 
plummeted. The world was still emerging from these centuries of 
serious cold when many climate records began which makes the 
ever-repeated line of the ‘hottest year since records began’ 
meaningless when you are not comparing like with like. The coldest 
period of the Little Ice Age corresponded with the lowest period of 
sunspot activity when the Sun was at its least active. Proper 
scientists will not be at all surprised by this when it confirms the 
obvious fact that earth temperature is affected by the scale of Sun 
activity and the energetic power that it subsequently emits; but 
when is the last time you heard a climate hoaxer talking about the 
Sun as a source of earth temperature?? Everything has to be focussed 
on Co2 which makes up just 0.117 percent of so-called greenhouse 
gases and only a fraction of even that is generated by human activity. 
The rest is natural. More than 90 percent of those greenhouse gases 
are water vapour and clouds (Fig 9). Ban moisture I say. Have you 
noticed that the climate hoaxers no longer use the polar bear as their 
promotion image? That’s because far from becoming extinct polar 


bear communities are stable or thriving. Joe Bastardi, American 
meteorologist, weather forecaster and outspoken critic of the climate 
lie, documents in his book The Climate Chronicles how weather 
patterns and events claimed to be evidence of climate change have 
been happening since long before industrialisation: ‘What happened 
before naturally is happening again, as is to be expected given the 
cyclical nature of the climate due to the design of the planet.’ If you 
read the detailed background to the climate hoax in my other books 
you will shake your head and wonder how anyone could believe the 
crap which has spawned a multi-trillion dollar industry based on 
absolute garbage (see HIV causes AIDs and Sars-Cov-2 causes 
‘Covid-19’). Climate and ‘Covid’ have much in common given they 
have the same source. They both have the contradictory everything 
factor in which everything is explained by reference to them. It’s hot 
— ‘it’s climate change’. It’s cold — ‘it’s climate change’. I got a sniffle — 
‘it’s Covid’. I haven’t got a sniffle — ‘it’s Covid’. Not having a sniffle 
has to be a symptom of ‘Covid’. Everything is and not having a 
sniffle is especially dangerous if you are a slow walker. For sheer 
audacity I offer you a Cambridge University ‘study’ that actually 
linked ‘Covid’ to ‘climate change’. It had to happen eventually. They 
concluded that climate change played a role in ‘Covid-19’ spreading 
from animals to humans because ... wait for it ... [kid you not ... the 
two groups were forced closer together as populations grow. Er, that’s it. 
The whole foundation on which this depended was that ‘Bats are the 
likely zoonotic origin of SARS-CoV-1 and SARS-CoV-2’. Well, they 
are not. They are nothing to do with it. Apart from bats not being the 
origin and therefore ‘climate change’ effects on bats being irrelevant 
I am in awe of their academic insight. Where would we be without 
them? Not where we are that’s for sure. 
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Figure 9: The idea that the gas of life is disastrously changing the climate is an insult to brain 
cell activity. 


One other point about the weather is that climate modification is 
now well advanced and not every major weather event is natural — 
or earthquake come to that. I cover this subject at some length in 
other books. China is openly planning a rapid expansion of its 
weather modification programme which includes changing the 
climate in an area more than one and a half times the size of India. 
China used weather manipulation to ensure clear skies during the 
2008 Olympics in Beijing. I have quoted from US military documents 
detailing how to employ weather manipulation as a weapon of war 
and they did that in the 1960s and 70s during the conflict in Vietnam 
with Operation Popeye manipulating monsoon rains for military 
purposes. Why would there be international treaties on weather 
modification if it wasn’t possible? Of course it is. Weather is 
energetic information and it can be changed. 


How was the climate hoax pulled off? See ‘Covid’ 

If you can get billions to believe in a ‘virus’ that doesn’t exist you can 
get them to believe in human-caused climate change that doesn’t 
exist. Both are being used by the Cult to transform global society in 
the way it has long planned. Both hoaxes have been achieved in 
pretty much the same way. First you declare a lie is a fact. There’s a 


‘virus’ you call SARS-Cov-2 or humans are warming the planet with 
their behaviour. Next this becomes, via Cult networks, the 
foundation of government, academic and science policy and belief. 
Those who parrot the mantra are given big grants to produce 
research that confirms the narrative is true and ever more 
‘symptoms’ are added to make the ‘virus’/’climate change’ sound 
even more scary. Scientists and researchers who challenge the 
narrative have their grants withdrawn and their careers destroyed. 
The media promote the lie as the unquestionable truth and censor 
those with an alternative view or evidence. A great percentage of the 
population believe what they are told as the lie becomes an 
everybody-knows-that and the believing-masses turn on those with 
a mind of their own. The technique has been used endlessly 
throughout human history. Wokers are the biggest promotors of the 
climate lie and ‘Covid’ fascism because their minds are owned by the 
Cult; their sense of self-righteous self-purity knows no bounds; and 
they exist in a bubble of reality in which facts are irrelevant and only 
get in the way of looking without seeing. 


Running through all of this like veins in a blue cheese is control of 
information, which means control of perception, which means 
control of behaviour, which collectively means control of human 
society. The Cult owns the global media and Silicon Valley fascists 
for the simple reason that it has to. Without control of information it 
can’t control perception and through that human society. Examine 
every facet of the Cult agenda and you will see that anything 
supporting its introduction is never censored while anything 
pushing back is always censored. I say again: Psychopaths that know 
why they are doing this must go before Nuremberg trials and those 
that follow their orders must trot along behind them into the same 
dock. ‘I was just following orders’ didn’t work the first time and it 
must not work now. Nuremberg trials must be held all over the 
world before public juries for politicians, government officials, 
police, compliant doctors, scientists and virologists, and all Cult 
operatives such as Gates, Tedros, Fauci, Vallance, Whitty, Ferguson, 
Zuckerberg, Wojcicki, Brin, Page, Dorsey, the whole damn lot of 


them -— including, no especially, the psychopath psychologists. 
Without them and the brainless, gutless excuses for journalists that 
have repeated their lies, none of this could be happening. Nobody 
can be allowed to escape justice for the psychological and economic 
Armageddon they are all responsible for visiting upon the human 
race. 

As for the compliant, unquestioning, swathes of humanity, and the 
self-obsessed, all-knowing ignorance of the Wokers ... don’t start me. 
God help their kids. God help their grandkids. God help them. 


CHAPTER NINE 
We must have it? So what is it? 


Well I won’t back down. No, I won’t back down. You can stand me 
up at the Gates of Hell. But | won’t back down 
Tom Petty 


will now focus on the genetically-manipulating ‘Covid vaccines’ 

which do not meet this official definition of a vaccine by the US 
Centers for Disease Control (CDC): ‘A product that stimulates a 
person’s immune system to produce immunity to a specific disease, 
protecting the person from that disease.’ On that basis ‘Covid 
vaccines’ are not a vaccine in that the makers don’t even claim they 
stop infection or transmission. 


They are instead part of a multi-levelled conspiracy to change the 
nature of the human body and what it means to be ‘human’ and to 
depopulate an enormous swathe of humanity. What I shall call 
Human 1.0 is on the cusp of becoming Human 2.0 and for very 
sinister reasons. Before I get to the ‘Covid vaccine’ in detail here’s 
some background to vaccines in general. Government regulators do 
not test vaccines — the makers do — and the makers control which 
data is revealed and which isn’t. Children in America are given 50 
vaccine doses by age six and 69 by age 19 and the effect of the whole 
combined schedule has never been tested. Autoimmune diseases 
when the immune system attacks its own body have soared in the 
mass vaccine era and so has disease in general in children and the 
young. Why wouldn't this be the case when vaccines target the 
immune system? The US government gave Big Pharma drug 


companies immunity from prosecution for vaccine death and injury 
in the 1986 National Childhood Vaccine Injury Act (NCVIA) and 
since then the government (taxpayer) has been funding 
compensation for the consequences of Big Pharma vaccines. The 
criminal and satanic drug giants can’t lose and the vaccine schedule 
has increased dramatically since 1986 for this reason. There is no 
incentive to make vaccines safe and a big incentive to make money 
by introducing ever more. Even against a ridiculously high bar to 
prove vaccine liability, and with the government controlling the 
hearing in which it is being challenged for compensation, the vaccine 
court has so far paid out more than $4 billion. These are the vaccines 
we are told are safe and psychopaths like Zuckerberg censor posts 
saying otherwise. The immunity law was even justified by a ruling 
that vaccines by their nature were ‘unavoidably unsafe’. 

Check out the ingredients of vaccines and you will be shocked if 
you are new to this. They put that in children’s bodies?? What?? Try 
aluminium, a brain toxin connected to dementia, aborted foetal 
tissue and formaldehyde which is used to embalm corpses. World- 
renowned aluminium expert Christopher Exley had his research into 
the health effect of aluminium in vaccines shut down by Keele 
University in the UK when it began taking funding from the Bill and 
Melinda Gates Foundation. Research when diseases ‘eradicated’ by 
vaccines began to decline and you will find the fall began long before 
the vaccine was introduced. Sometimes the fall even plateaued after 
the vaccine. Diseases like scarlet fever for which there was no 
vaccine declined in the same way because of environmental and 
other factors. A perfect case in point is the polio vaccine. Polio began 
when lead arsenate was first sprayed as an insecticide and residues 
remained in food products. Spraying started in 1892 and the first US 
polio epidemic came in Vermont in 1894. The simple answer was to 
stop spraying, but Rockefeller-created Big Pharma had a better idea. 
Polio was decreed to be caused by the poliovirus which ‘spreads from 
person to person and can infect a person’s spinal cord’. Lead 
arsenate was replaced by the lethal DDT which had the same effect 
of causing paralysis by damaging the brain and central nervous 


system. Polio plummeted when DDT was reduced and then banned, 
but the vaccine is still given the credit for something it didn’t do. 
Today by far the biggest cause of polio is the vaccines promoted by 
Bill Gates. Vaccine justice campaigner Robert Kennedy Jr, son of 
assassinated (by the Cult) US Attorney General Robert Kennedy, 
wrote: 


In 2017, the World Health Organization (WHO) reluctantly admitted that the global explosion 
in polio is predominantly vaccine strain. The most frightening epidemics in Congo, 
Afghanistan, and the Philippines, are all linked to vaccines. In fact, by 2018, 70% of global 
polio cases were vaccine strain. 


Vaccines make fortunes for Cult-owned Gates and Big Pharma 
while undermining the health and immune systems of the 
population. We had a glimpse of the mentality behind the Big 
Pharma cartel with a report on WION (World is One News), an 
international English language TV station based in India, which 
exposed the extraordinary behaviour of US drug company Pfizer 
over its ‘Covid vaccine’. The WION report told how Pfizer had made 
fantastic demands of Argentina, Brazil and other countries in return 
for its ‘vaccine’. These included immunity from prosecution, even 
for Pfizer negligence, government insurance to protect Pfizer from 
law suits and handing over as collateral sovereign assets of the 
country to include Argentina’s bank reserves, military bases and 
embassy buildings. Pfizer demanded the same of Brazil in the form 
of waiving sovereignty of its assets abroad; exempting Pfizer from 
Brazilian laws; and giving Pfizer immunity from all civil liability. 
This is a ‘vaccine’ developed with government funding. Big Pharma 
is evil incarnate as a creation of the Cult and all must be handed 
tickets to Nuremberg. 


Phantom ‘vaccine’ for a phantom ‘disease’ 

I’ll expose the ‘Covid vaccine’ fraud and then go on to the wider 
background of why the Cult has set out to ‘vaccinate’ every man, 
woman and child on the planet for an alleged ‘new disease’ with a 
survival rate of 99.77 percent (or more) even by the grotesquely- 


manipulated figures of the World Health Organization and Johns 
Hopkins University. The ‘infection’ to ‘death’ ratio is 0.23 to 0.15 
percent according to Stanford epidemiologist Dr John Ioannidis and 
while estimates vary the danger remains tiny. I say that if the truth 
be told the fake infection to fake death ratio is zero. Never mind all 
the evidence I have presented here and in The Answer that there is no 
‘virus’ let us just focus for a moment on that death-rate figure of say 
0.23 percent. The figure includes all those worldwide who have 
tested positive with a test not testing for the ‘virus’ and then died 
within 28 days or even longer of any other cause — any other cause. 
Now subtract all those illusory ‘Covid’ deaths on the global data 
sheets from the 0.23 percent. What do you think you would be left 
with? Zero. A vaccination has never been successfully developed for 
a so-called coronavirus. They have all failed at the animal testing 
stage when they caused hypersensitivity to what they were claiming 
to protect against and made the impact of a disease far worse. Cult- 
owned vaccine corporations got around that problem this time by 
bypassing animal trials, going straight to humans and making the 
length of the ‘trials’ before the public rollout as short as they could 
get away with. Normally it takes five to ten years or more to develop 
vaccines that still cause demonstrable harm to many people and 
that’s without including the long-term effects that are never officially 
connected to the vaccination. ‘Covid’ non-vaccines have been 
officially produced and approved in a matter of months from a 
standing start and part of the reason is that (a) they were developed 
before the ‘Covid’ hoax began and (b) they are based on computer 
programs and not natural sources. Official non-trials were so short 
that government agencies gave emergency, not full, approval. ‘Trials’ 
were not even completed and full approval cannot be secured until 
they are. Public ‘Covid vaccination’ is actually a continuation of the 
trial. Drug company ‘trials’ are not scheduled to end until 2023 by 
which time a lot of people are going to be dead. Data on which 
government agencies gave this emergency approval was supplied by 
the Big Pharma corporations themselves in the form of 
Pfizer/BioNTech, AstraZeneca, Moderna, Johnson & Johnson, and 


others, and this is the case with all vaccines. By its very nature 
emergency approval means drug companies do not have to prove that 
the ‘vaccine’ is ‘safe and effective’. How could they with trials way 
short of complete? Government regulators only have to believe that 
they could be safe and effective. It is criminal manipulation to get 
products in circulation with no testing worth the name. Agencies 
giving that approval are infested with Big Pharma-connected place- 
people and they act in the interests of Big Pharma (the Cult) and not 
the public about whom they do not give a damn. 


More human lab rats 

‘Covid vaccines’ produced in record time by Pfizer/BioNTech and 
Moderna employ a technique never approved before for use on humans. 
They are known as mRNA ‘vaccines’ and inject a synthetic version of 
‘viral’ mRNA or ‘messenger RNA’. The key is in the term 
‘messenger’. The body works, or doesn’t, on the basis of information 
messaging. Communications are constantly passing between and 
within the genetic system and the brain. Change those messages and 
you change the state of the body and even its very nature and you 
can change psychology and behaviour by the way the brain 
processes information. I think you are going to see significant 
changes in personality and perception of many people who have had 
the ‘Covid vaccine’ synthetic potions. Insider Aldous Huxley 
predicted the following in 1961 and mRNA ‘vaccines’ can be 
included in the term ‘pharmacological methods’: 


There will be, in the next generation or so, a pharmacological method of making people love 
their servitude, and producing dictatorship without tears, so to speak, producing a kind of 
painless concentration camp for entire societies, so that people will in fact have their own 
liberties taken away from them, but rather enjoy it, because they will be distracted from any 
desire to rebel by propaganda or brainwashing, or brainwashing enhanced by 
pharmacological methods. And this seems to be the final revolution. 


Apologists claim that mRNA synthetic ‘vaccines’ don’t change the 
DNA genetic blueprint because RNA does not affect DNA only the 
other way round. This is so disingenuous. A process called ‘reverse 


transcription’ can convert RNA into DNA and be integrated into 
DNA in the cell nucleus. This was highlighted in December, 2020, by 
scientists at Harvard and Massachusetts Institute of Technology 
(MIT). Geneticists report that more than 40 percent of mammalian 
genomes results from reverse transcription. On the most basic level 
if messaging changes then that sequence must lead to changes in 
DNA which is receiving and transmitting those communications. 
How can introducing synthetic material into cells not change the 
cells where DNA is located? The process is known as transfection 
which is defined as ‘a technique to insert foreign nucleic acid (DNA 
or RNA) into a cell, typically with the intention of altering the 
properties of the cell’. Researchers at the Sloan Kettering Institute in 
New York found that changes in messenger RNA can deactivate 
tumour-suppressing proteins and thereby promote cancer. This is 
what happens when you mess with messaging. ‘Covid vaccine’ 
maker Moderna was founded in 2010 by Canadian stem cell 
biologist Derrick J. Rossi after his breakthrough discovery in the field 
of transforming and reprogramming stem cells. These are neutral 
cells that can be programmed to become any cell including sperm 
cells. Moderna was therefore founded on the principle of genetic 
manipulation and has never produced any vaccine or drug before its 
genetically-manipulating synthetic ‘Covid’ shite. Look at the name — 
Mode-RNA or Modify-RNA. Another important point is that the US 
Supreme Court has ruled that genetically-modified DNA, or 
complementary DNA (cDNA) synthesized in the laboratory from 
messenger RNA, can be patented and owned. These psychopaths are 
doing this to the human body. 

Cells replicate synthetic mRNA in the ‘Covid vaccines’ and in 
theory the body is tricked into making antigens which trigger 
antibodies to target the ‘virus spike proteins’ which as Dr Tom 
Cowan said have never been seen. Cut the crap and these ‘vaccines’ 
deliver self-replicating synthetic material to the cells with the effect of 
changing human DNA. The more of them you have the more that 
process is compounded while synthetic material is all the time self- 
replicating. ‘Vaccine’-maker Moderna describes mRNA as ‘like 


software for the cell’ and so they are messing with the body’s 
software. What happens when you change the software in a 
computer? Everything changes. For this reason the Cult is preparing 
a production line of mRNA ‘Covid vaccines’ and a long list of 
excuses to use them as with all the ‘variants’ of a ‘virus’ never shown 
to exist. The plan is further to transfer the mRNA technique to other 
vaccines mostly given to children and young people. The cumulative 
consequences will be a transformation of human DNA through a 
constant infusion of synthetic genetic material which will kill many 
and change the rest. Now consider that governments that have given 
emergency approval for a vaccine that’s not a vaccine; never been 
approved for humans before; had no testing worth the name; and 
the makers have been given immunity from prosecution for any 
deaths or adverse effects suffered by the public. The UK government 
awarded permanent legal indemnity to itself and its employees for 
harm done when a patient is being treated for ‘Covid-19’ or 
‘suspected Covid-19’. That is quite a thought when these are possible 
‘side-effects’ from the ‘vaccine’ (they are not ‘side’, they are effects) 
listed by the US Food and Drug Administration: 


Guillain-Barre syndrome; acute disseminated encephalomyelitis; 
transverse myelitis; encephalitis; myelitis; encephalomyelitis; 
meningoencephalitis; meningitis; encephalopathy; convulsions; 
seizures; stroke; narcolepsy; cataplexy; anaphylaxis; acute 
myocardial infarction (heart attack); myocarditis; pericarditis; 
autoimmune disease; death; implications for pregnancy, and birth 
outcomes; other acute demyelinating diseases; non anaphylactic 
allergy reactions; thrombocytopenia ; disseminated intravascular 
coagulation; venous thromboembolism; arthritis; arthralgia; joint 
pain; Kawasaki disease; multisystem inflammatory syndrome in 
children; vaccine enhanced disease. The latter is the way the 
‘vaccine’ has the potential to make diseases far worse than they 
would otherwise be. 


UK doctor and freedom campaigner Vernon Coleman described 
the conditions in this list as ‘all unpleasant, most of them very 
serious, and you can’t get more serious than death’. The thought that 
anyone at all has had the ‘vaccine’ in these circumstances is 
testament to the potential that humanity has for clueless, 
unquestioning, stupidity and for many that programmed stupidity 
has already been terminal. 


Dr Michael Yeadon is a former Vice President, head of research and 
Chief Scientific Adviser at vaccine giant Pfizer. Yeadon worked on 
the inside of Big Pharma, but that did not stop him becoming a vocal 
critic of “Covid vaccines’ and their potential for multiple harms, 
including infertility in women. By the spring of 2021 he went much 
further and even used the no, no, term ‘conspiracy’. When you begin 
to see what is going on it is impossible not to do so. Yeadon spoke 
out in an interview with freedom campaigner James Delingpole and 
I mentioned earlier how he said that no one had samples of ‘the 
virus’. He explained that the mRNA technique originated in the anti- 
cancer field and ways to turn on and off certain genes which could 
be advantageous if you wanted to stop cancer growing out of 
control. “That’s the origin of them. They are a very unusual 
application, really.’ Yeadon said that treating a cancer patient with 
an aggressive procedure might be understandable if the alternative 
was dying, but it was quite another thing to use the same technique 
as a public health measure. Most people involved wouldn’t catch the 
infectious agent you were vaccinating against and if they did they 
probably wouldn't die: 


If you are really using it as a public health measure you really want to as close as you can get 
to zero sides-effects ... | find it odd that they chose techniques that were really cutting their 
teeth in the field of oncology and I’m worried that in using gene-based vaccines that have to 
be injected in the body and spread around the body, get taken up into some cells, and the 
regulators haven’t quite told us which cells they get taken up into ... you are going to be 
generating a wide range of responses ... with multiple steps each of which could go well or 
badly. 


I doubt the Cult intends it to go well. Yeadon said that you can put 
any gene you like into the body through the ‘vaccine’. ‘You can 
certainly give them a gene that would do them some harm if you 
wanted.’ I was intrigued when he said that when used in the cancer 
field the technique could turn genes on and off. I explore this process 
in The Answer and with different genes having different functions 
you could create mayhem — physically and psychologically — if you 
turned the wrong ones on and the right ones off. I read reports of an 
experiment by researchers at the University of Washington’s school 
of computer science and engineering in which they encoded DNA to 
infect computers. The body is itself a biological computer and if 
human DNA can inflict damage on a computer why can’t the 
computer via synthetic material mess with the human body? It can. 
The Washington research team said it was possible to insert 
malicious malware into ‘physical DNA strands’ and corrupt the 
computer system of a gene sequencing machine as it ‘reads gene 
letters and stores them as binary digits 0 and 1’. They concluded that 
hackers could one day use blood or spit samples to access computer 
systems and obtain sensitive data from police forensics labs or infect 
genome files. It is at this level of digital interaction that synthetic 
‘vaccines’ need to be seen to get the full picture and that will become 
very clear later on. Michael Yeadon said it made no sense to give the 
‘vaccine’ to younger people who were in no danger from the ‘virus’. 
What was the benefit? It was all downside with potential effects: 


The fact that my government in what | thought was a civilised, rational country, is raining [the 
‘vaccine’] on people in their 30s and 40s, even my children in their 20s, they’re getting letters 
and phone calls, | know this is not right and any of you doctors who are vaccinating you 
know it’s not right, too. They are not at risk. They are not at risk from the disease, so you are 
now hoping that the side-effects are so rare that you get away with it. You don’t give new 
technology ... that you don’t understand to 100 percent of the population. 


Blood clot problems with the AstraZeneca ‘vaccine’ have been 
affecting younger people to emphasise the downside risks with no 
benefit. AstraZeneca’s version, produced with Oxford University, 
does not use mRNA, but still gets its toxic cocktail inside cells where 


it targets DNA. The Johnson & Johnson ‘vaccine’ which uses a 
similar technique has also produced blood clot effects to such an 
extent that the United States paused its use at one point. They are all 
‘gene therapy’ (cell modification) procedures and not ‘vaccines’. The 
truth is that once the content of these injections enter cells we have 
no idea what the effect will be. People can speculate and some can 
give very educated opinions and that’s good. In the end, though, 
only the makers know what their potions are designed to do and 
even they won't know every last consequence. Michael Yeadon was 
scathing about doctors doing what they knew to be wrong. 
‘Everyone’s mute’, he said. Doctors in the NHS must know this was 
not right, coming into work and injecting people. ‘I don’t know how 
they sleep at night. I know I couldn’t do it. I know that if I were in 
that position I’d have to quit.’ He said he knew enough about 
toxicology to know this was not a good risk-benefit. Yeadon had 
spoken to seven or eight university professors and all except two 
would not speak out publicly. Their universities had a policy that no 
one said anything that countered the government and its medical 
advisors. They were afraid of losing their government grants. This is 
how intimidation has been used to silence the truth at every level of 
the system. I say silence, but these people could still speak out if they 
made that choice. Yeadon called them ‘moral cowards’ — ‘This is 
about your children and grandchildren’s lives and you have just 
buggered off and left it.’ 


‘Variant nonsense 

Some of his most powerful comments related to the alleged 
‘variants’ being used to instil more fear, justify more lockdowns, and 
introduce more ‘vaccines’. He said government claims about 
‘variants’ were nonsense. He had checked the alleged variant ‘codes’ 
and they were 99.7 percent identical to the ‘original’. This was the 
human identity difference equivalent to putting a baseball cap on 
and off or wearing it the other way round. A 0.3 percent difference 
would make it impossible for that ‘variant’ to escape immunity from 
the ‘original’. This made no sense of having new ‘vaccines’ for 


‘variants’. He said there would have to be at least a 30 percent 
difference for that to be justified and even then he believed the 
immune system would still recognise what it was. Gates-funded 
‘variant modeller’ and ‘vaccine’-pusher John Edmunds might care to 
comment. Yeadon said drug companies were making new versions 
of the ‘vaccine’ as a ‘top up’ for ‘variants’. Worse than that, he said, 
the ‘regulators’ around the world like the MHRA in the UK had got 
together and agreed that because ‘vaccines’ for ‘variants’ were so 
similar to the first ‘vaccines’ they did not have to do safety studies. How 
transparently sinister that is. This is when Yeadon said: “There is a 
conspiracy here.’ There was no need for another vaccine for 
‘variants’ and yet we were told that there was and the country had 
shut its borders because of them. ‘They are going into hundreds of 
millions of arms without passing ‘go’ or any regulator. Why did they 
do that? Why did they pick this method of making the vaccine?’ 


The reason had to be something bigger than that it seemed and 
‘it’s not protection against the virus’. It’s was a far bigger project that 
meant politicians and advisers were willing to do things and not do 
things that knowingly resulted in avoidable deaths — ‘that’s already 
happened when you think about lockdown and deprivation of 
health care for a year.’ He spoke of people prepared to do something 
that results in the avoidable death of their fellow human beings and 
it not bother them. This is the penny-drop I have been working to 
get across for more than 30 years — the level of pure evil we are 
dealing with. Yeadon said his friends and associates could not 
believe there could be that much evil, but he reminded them of 
Stalin, Pol Pot and Hitler and of what Stalin had said: ‘One death is a 
tragedy. A million? A statistic.” He could not think of a benign 
explanation for why you need top-up vaccines ‘which I’m sure you 
don’t’ and for the regulators ‘to just get out of the way and wave 
them through’. Why would the regulators do that when they were 
still wrestling with the dangers of the ‘parent’ vaccine? He was 
clearly shocked by what he had seen since the ‘Covid’ hoax began 
and now he was thinking the previously unthinkable: 


If you wanted to depopulate a significant proportion of the world and to do it in a way that 
doesn’t involve destruction of the environment with nuclear weapons, poisoning everyone 
with anthrax or something like that, and you wanted plausible deniability while you had a 
multi-year infectious disease crisis, | actually don’t think you could come up with a better plan 
of work than seems to be in front of me. | can’t say that’s what they are going to do, but | can’t 
think of a benign explanation why they are doing it. 


He said he never thought that they would get rid of 99 percent of 
humans, but now he wondered. ‘If you wanted to that this would be 
a hell of a way to do it — it would be unstoppable folks.’ Yeadon had 
concluded that those who submitted to the ‘vaccine’ would be 
allowed to have some kind of normal life (but for how long?) while 
screws were tightened to coerce and mandate the last few percent. ‘I 
think they’Il put the rest of them in a prison camp. I wish I was 
wrong, but I don’t think I am.’ Other points he made included: There 
were no coronavirus vaccines then suddenly they all come along at 
the same time; we have no idea of the long term affect with trials so 
short; coercing or forcing people to have medical procedures is 
against the Nuremberg Code instigated when the Nazis did just that; 
people should at least delay having the ‘vaccine’; a quick Internet 
search confirms that masks don’t reduce respiratory viral 
transmission and ‘the government knows that’; they have smashed 
civil society and they know that, too; two dozen peer-reviewed 
studies show no connection between lockdown and reducing deaths; 
he knew from personal friends the elite were still flying around and 
going on holiday while the public were locked down; the elite were 
not having the ‘vaccines’. He was also asked if ‘vaccines’ could be 
made to target difference races. He said he didn’t know, but the 
document by the Project for the New American Century in 
September, 2000, said developing ‘advanced forms of biological 
warfare that can target specific genotypes may transform biological 
warfare from the realm of terror to a politically useful tool.’ Oh, 
they’re evil all right. Of that we can be absolutely sure. 


We have seen from the CDC definition that the mRNA ‘Covid 
vaccine’ is not a vaccine and nor are the others that claim to reduce 
‘severity of symptoms’ in some people, but not protect from infection 
or transmission. What about all the lies about returning to ‘normal’ if 
people were ‘vaccinated’? If they are not claimed to stop infection 
and transmission of the alleged ‘virus’, how does anything change? 
This was all lies to manipulate people to take the jabs and we are 
seeing that now with masks and distancing still required for the 
‘vaccinated’. How did they think that elderly people with fragile 
health and immune responses were going to be affected by infusing 
their cells with synthetic material and other toxic substances? They 
knew that in the short and long term it would be devastating and 
fatal as the culling of the old that began with the first lockdowns was 
continued with the ‘vaccine’. Death rates in care homes soared 
immediately residents began to be ‘vaccinated’ — infused with 
synthetic material. Brave and committed whistleblower nurses put 
their careers at risk by exposing this truth while the rest kept their 
heads down and their mouths shut to put their careers before those 
they are supposed to care for. A long-time American Certified 
Nursing Assistant who gave his name as James posted a video in 
which he described emotionally what happened in his care home 
when vaccination began. He said that during 2020 very few residents 
were sick with ‘Covid’ and no one died during the entire year; but 
shortly after the Pfizer mRNA injections 14 people died within two 
weeks and many others were near death. ‘They’re dropping like 
flies’, he said. Residents who walked on their own before the shot 
could no longer and they had lost their ability to conduct an 
intelligent conversation. The home’s management said the sudden 
deaths were caused by a ‘super-spreader’ of ‘Covid-19’. Then how 
come, James asked, that residents who refused to take the injections 
were not sick? It was a case of inject the elderly with mRNA 
synthetic potions and blame their illness and death that followed on 
the ‘virus’. James described what was happening in care homes as 
‘the greatest crime of genocide this country has ever seen’. 
Remember the NHS staff nurse from earlier who used the same 


word ‘genocide’ for what was happening with the ‘vaccines’ and 
that it was an ‘act of human annihilation’. A UK care home 
whistleblower told a similar story to James about the effect of the 
‘vaccine’ in deaths and ‘outbreaks’ of illness dubbed ‘Covid’ after 
getting the jab. She told how her care home management and staff 
had zealously imposed government regulations and no one was 
allowed to even question the official narrative let alone speak out 
against it. She said the NHS was even worse. Again we see the 
results of reframing. A worker at a local care home where I live said 
they had not had a single case of ‘Covid’ there for almost a year and 
when the residents were ‘vaccinated’ they had 19 positive cases in 
two weeks with eight dying. 


It's not the ‘vaccine’ — honest 

The obvious cause and effect was being ignored by the media and 
most of the public. Australia’s health minister Greg Hunt (a former 
head of strategy at the World Economic Forum) was admitted to 
hospital after he had the ‘vaccine’. He was suffering according to 
reports from the skin infection ‘cellulitis’ and it must have been a 
severe case to have warranted days in hospital. Immediately the 
authorities said this was nothing to do with the ‘vaccine’ when an 
effect of some vaccines is a ‘cellulitis-like reaction’. We had families 
of perfectly healthy old people who died after the ‘vaccine’ saying 
that if only they had been given the ‘vaccine’ earlier they would still 
be alive. As a numbskull rating that is off the chart. A father of four 
‘died of Covid’ at aged 48 when he was taken ill two days after 
having the ‘vaccine’. The man, a health administrator, had been 
‘shielding during the pandemic’ and had ‘not really left the house’ 
until he went for the ‘vaccine’. Having the ‘vaccine’ and then falling 
ill and dying does not seem to have qualified as a possible cause and 
effect and ‘Covid-19’ went on his death certificate. His family said 
they had no idea how he ‘caught the virus’. A family member said: 
‘Tragically, it could be that going for a vaccination ultimately led to 
him catching Covid ...The sad truth is that they are never going to 
know where it came from.’ The family warned people to remember 


that the virus still existed and was ‘very real’. So was their stupidity. 
Nurses and doctors who had the first round of the ‘vaccine’ were 
collapsing, dying and ending up in a hospital bed while they or their 
grieving relatives were saying they'd still have the ‘vaccine’ again 
despite what happened. I kid you not. You mean if your husband 
returned from the dead he’d have the same ‘vaccine’ again that killed 
him?? 

Doctors at the VCU Medical Center in Richmond, Virginia, said 
the Johnson & Johnson ‘vaccine’ was to blame for a man’s skin 
peeling off. Patient Richard Terrell said: ‘It all just happened so fast. 
My skin peeled off. It’s still coming off on my hands now.’ He said it 
was stinging, burning and itching and when he bent his arms and 
legs it was very painful with ‘the skin swollen and rubbing against 
itself’. Pfizer/BioNTech and Moderna vaccines use mRNA to change 
the cell while the Johnson & Johnson version uses DNA in a process 
similar to AstraZeneca’s technique. Johnson & Johnson and 
AstraZeneca have both had their ‘vaccines’ paused by many 
countries after causing serious blood problems. Terrell’s doctor Fnu 
Nutan said he could have died if he hadn’t got medical attention. It 
sounds terrible so what did Nutan and Terrell say about the ‘vaccine’ 
now? Oh, they still recommend that people have it. A nurse in a 
hospital bed 40 minutes after the vaccination and unable to swallow 
due to throat swelling was told by a doctor that he lost mobility in 
his arm for 36 hours following the vaccination. What did he say to 
the ailing nurse? ‘Good for you for getting the vaccination.’ We are 
dealing with a serious form of cognitive dissonance madness in both 
public and medical staff. There is a remarkable correlation between 
those having the ‘vaccine’ and trumpeting the fact and suffering bad 
happenings shortly afterwards. Witold Rogiewicz, a Polish doctor, 
made a video of his ‘vaccination’ and ridiculed those who were 
questioning its safety and the intentions of Bill Gates: “Vaccinate 
yourself to protect yourself, your loved ones, friends and also 
patients. And to mention quickly I have info for anti-vaxxers and 
anti-Coviders if you want to contact Bill Gates you can do this 
through me.’ He further ridiculed the dangers of 5G. Days later he 


was dead, but naturally the vaccination wasn’t mentioned in the 
verdict of ‘heart attack’. 


Lies, lies and more lies 

So many members of the human race have slipped into extreme 
states of insanity and unfortunately they include reframed doctors 
and nursing staff. Having a ‘vaccine’ and dying within minutes or 
hours is not considered a valid connection while death from any 
cause within 28 days or longer of a positive test with a test not 
testing for the ‘virus’ means “Covid-19’ goes on the death certificate. 
How could that ‘vaccine’-death connection not have been made 
except by calculated deceit? US figures in the initial rollout period to 
February 12th, 2020, revealed that a third of the deaths reported to 
the CDC after ‘Covid vaccines’ happened within 48 hours. Five men 
in the UK suffered an ‘extremely rare’ blood clot problem after 
having the AstraZeneca ‘vaccine’, but no causal link was established 
said the Gates-funded Medicines and Healthcare products 
Regulatory Agency (MHRA) which had given the ‘vaccine’ 
emergency approval to be used. Former Pfizer executive Dr Michael 
Yeadon explained in his interview how the procedures could cause 
blood coagulation and clots. People who should have been at no risk 
were dying from blood clots in the brain and he said he had heard 
from medical doctor friends that people were suffering from skin 
bleeding and massive headaches. The AstraZeneca ‘shot’ was 
stopped by some 20 countries over the blood clotting issue and still 
the corrupt MHRA, the European Medicines Agency (EMA) and the 
World Health Organization said that it should continue to be given 
even though the EMA admitted that it ‘still cannot rule out 
definitively’ a link between blood clotting and the ‘vaccine’. Later 
Marco Cavaleri, head of EMA vaccine strategy, said there was indeed 
a clear link between the ‘vaccine’ and thrombosis, but they didn’t 
know why. So much for the trials showing the ‘vaccine’ is safe. Blood 
clots were affecting younger people who would be under virtually 
no danger from ‘Covid’ even if it existed which makes it all the more 
stupid and sinister. 


The British government responded to public alarm by wheeling 
out June Raine, the terrifyingly weak infant school headmistress 
sound-alike who heads the UK MHRA drug ‘regulator’. The idea 
that she would stand up to Big Pharma and government pressure is 
laughable and she told us that all was well in the same way that she 
did when allowing untested, never-used-on-humans-before, 
genetically-manipulating ‘vaccines’ to be exposed to the public in the 
first place. Mass lying is the new normal of the ‘Covid’ era. The 
MHRA later said 30 cases of rare blood clots had by then been 
connected with the AstraZeneca ‘vaccine’ (that means a lot more in 
reality) while stressing that the benefits of the jab in preventing 
‘Covid-19 outweighed any risks. A more ridiculous and 
disingenuous statement with callous disregard for human health it is 
hard to contemplate. Immediately after the mendacious ‘all-clears’ 
two hospital workers in Denmark experienced blood clots and 
cerebral haemorrhaging following the AstraZeneca jab and one died. 
Top Norwegian health official Pal Andre Holme said the ‘vaccine’ 
was the only common factor: ‘There is nothing in the patient history 
of these individuals that can give such a powerful immune response 
... lam confident that the antibodies that we have found are the 
cause, and I see no other explanation than it being the vaccine which 
triggers it.’ Strokes, a clot or bleed in the brain, were clearly 
associated with the ‘vaccine’ from word of mouth and whistleblower 
reports. Similar consequences followed with all these ‘vaccines’ that 
we were told were so safe and as the numbers grew by the day it 
was clear we were witnessing human carnage. 


Learning the hard way 

A woman interviewed by UKColumn told how her husband 
suffered dramatic health effects after the vaccine when he’d been in 
good health all his life. He went from being a little unwell to losing 
all feeling in his legs and experiencing ‘excruciating pain’. 
Misdiagnosis followed twice at Accident and Emergency (an 
‘allergy’ and ‘sciatica’) before he was admitted to a neurology ward 
where doctors said his serious condition had been caused by the 


‘vaccine’. Another seven ‘vaccinated’ people were apparently being 
treated on the same ward for similar symptoms. The woman said he 
had the ‘vaccine’ because they believed media claims that it was safe. 
‘I didn’t think the government would give out a vaccine that does 
this to somebody; I believed they would be bringing out a 
vaccination that would be safe.’ What a tragic way to learn that 
lesson. Another woman posted that her husband was transporting 
stroke patients to hospital on almost every shift and when he asked 
them if they had been ‘vaccinated’ for ‘Covid’ they all replied ‘yes’. 
One had a ‘massive brain bleed’ the day after his second dose. She 
said her husband reported the ‘just been vaccinated’ information 
every time to doctors in A and E only for them to ignore it, make no 
notes and appear annoyed that it was even mentioned. This 
particular report cannot be verified, but it expresses a common 
theme that confirms the monumental underreporting of ‘vaccine’ 
consequences. Interestingly as the ‘vaccines’ and their brain blood 
clot/stroke consequences began to emerge the UK National Health 
Service began a publicity campaign telling the public what to do in 
the event of a stroke. A Scottish NHS staff nurse who quit in disgust 
in March, 2021, said: 


| have seen traumatic injuries from the vaccine, they’re not getting reported to the yellow card 
[adverse reaction] scheme, they’re treating the symptoms, not asking why, why it’s happening. 
It’s just treating the symptoms and when you speak about it you’re dismissed like you’re crazy, 
I’m not crazy, I’m not crazy because every other colleague I’ve spoken to is terrified to speak 
out, they’ve had enough. 


Videos appeared on the Internet of people uncontrollably shaking 
after the ‘vaccine’ with no control over muscles, limbs and even their 
face. A Scottish mother broke out in a severe rash all over her body 
almost immediately after she was given the AstraZeneca ‘vaccine’. 
The pictures were horrific. Leigh King, a 41-year-old hairdresser 
from Lanarkshire said: ‘Never in my life was I prepared for what I 
was about to experience ... My skin was so sore and constantly hot 
... [have never felt pain like this ...’ But don’t you worry, the 
‘vaccine’ is perfectly safe. Then there has been the effect on medical 


staff who have been pressured to have the ‘vaccine’ by psychopathic 
‘health’ authorities and government. A London hospital consultant 
who gave the name K. Polyakova wrote this to the British Medical 
Journal or BMJ: 


| am currently struggling with ... the failure to report the reality of the morbidity caused by our 
current vaccination program within the health service and staff population. The levels of 
sickness after vaccination is unprecedented and staff are getting very sick and some with 
neurological symptoms which is having a huge impact on the health service function. Even 
the young and healthy are off for days, some for weeks, and some requiring medical 
treatment. Whole teams are being taken out as they went to get vaccinated together. 


Mandatory vaccination in this instance is stupid, unethical and irresponsible when it comes to 
protecting our staff and public health. We are in the voluntary phase of vaccination, and 
encouraging staff to take an unlicensed product that is impacting on their immediate health ... 
it is clearly stated that these vaccine products do not offer immunity or stop transmission. In 
which case why are we doing it? 


Not to protect health that’s for sure. Medical workers are lauded by 
governments for agenda reasons when they couldn’t give a toss 
about them any more than they can for the population in general. 
Schools across America faced the same situation as they closed due 
to the high number of teachers and other staff with bad reactions to 
the Pfizer/BioNTech, Moderna, and Johnson & Johnson ‘Covid 
vaccines’ all of which were linked to death and serious adverse 
effects. The BMJ took down the consultant’s comments pretty 
quickly on the grounds that they were being used to spread 
‘disinformation’. They were exposing the truth about the ‘vaccine’ 
was the real reason. The cover-up is breathtaking. 


The scale of the ‘vaccine’ death cover-up worldwide can be 
confirmed by comparing official figures with the personal experience 
of the public. I heard of many people in my community who died 
immediately or soon after the vaccine that would never appear in the 
media or even likely on the official totals of ‘vaccine’ fatalities and 
adverse reactions when only about ten percent are estimated to be 


reported and I have seen some estimates as low as one percent in a 
Harvard study. In the UK alone by April 29th, 2021, some 757,654 
adverse reactions had been officially reported from the 

Pfizer/BioN Tech, Oxford/AstraZeneca and Moderna ‘vaccines’ with 
more than a thousand deaths linked to jabs and that means an 
estimated ten times this number in reality from a ten percent 
reporting rate percentage. That’s seven million adverse reactions and 
10,000 potential deaths and a one percent reporting rate would be 
ten times those figures. In 1976 the US government pulled the swine 
flu vaccine after 53 deaths. The UK data included a combined 10,000 
eye disorders from the ‘Covid vaccines’ with more than 750 suffering 
visual impairment or blindness and again multiply by the estimated 
reporting percentages. As ‘Covid cases’ officially fell hospitals 
virtually empty during the ‘Covid crisis’ began to fill up with a 
range of other problems in the wake of the ‘vaccine’ rollout. The 
numbers across America have also been catastrophic. Deaths linked 
to all types of vaccine increased by 6,000 percent in the first quarter of 
2021 compared with 2020. A 39-year-old woman from Ogden, Utah, 
died four days after receiving a second dose of Moderna’s ‘Covid 
vaccine’ when her liver, heart and kidneys all failed despite the fact 
that she had no known medical issues or conditions. Her family 
sought an autopsy, but Dr Erik Christensen, Utah’s chief medical 
examiner, said proving vaccine injury as a cause of death almost 
never happened. He could think of only one instance where an 
autopsy would name a vaccine as the official cause of death and that 
would be anaphylaxis where someone received a vaccine and died 
almost instantaneously. ‘Short of that, it would be difficult for us to 
definitively say this is the vaccine,’ Christensen said. If that is true 
this must be added to the estimated ten percent (or far less) 
reporting rate of vaccine deaths and serious reactions and the 
conclusion can only be that vaccine deaths and serious reactions — 
including these ‘Covid’ potions’ — are phenomenally understated in 
official figures. The same story can be found everywhere. Endless 
accounts of deaths and serious reactions among the public, medical 


and care home staff while official figures did not even begin to 
reflect this. 


Professional script-reader Dr David Williams, a ‘top public-health 
official’ in Ontario, Canada, insulted our intelligence by claiming 
only four serious adverse reactions and no deaths from the more 
than 380,000 vaccine doses then given. This bore no resemblance to 
what people knew had happened in their owns circles and we had 
Dirk Huyer in charge of getting millions vaccinated in Ontario while 
at the same time he was Chief Coroner for the province investigating 
causes of death including possible death from the vaccine. An aide 
said he had stepped back from investigating deaths, but evidence 
indicated otherwise. Rosemary Frei, who secured a Master of Science 
degree in molecular biology at the Faculty of Medicine at Canada’s 
University of Calgary before turning to investigative journalism, was 
one who could see that official figures for ‘vaccine’ deaths and 
reactions made no sense. She said that doctors seldom reported 
adverse events and when people got really sick or died after getting 
a vaccination they would attribute that to anything except the 
vaccines. It had been that way for years and anyone who wondered 
aloud whether the ‘Covid vaccines’ or other shots cause harm is 
immediately branded as ‘anti-vax’ and ‘anti-science’. This was 
‘career-threatening’ for health professionals. Then there was the 
huge pressure to support the push to ‘vaccinate’ billions in the 
quickest time possible. Frei said: 


So that’s where we’re at today. More than half a million vaccine doses have been given to 
people in Ontario alone. The rush is on to vaccinate all 15 million of us in the province by 
September. And the mainstream media are screaming for this to be sped up even more. That 
all adds up to only a very slim likelihood that we’re going to be told the truth by officials 
about how many people are getting sick or dying from the vaccines. 


What is true of Ontario is true of everywhere. 


They KNEW — and still did it 


The authorities knew what was going to happen with multiple 
deaths and adverse reactions. The UK government’s Gates-funded 


and Big Pharma-dominated Medicines and Healthcare products 
Regulatory Agency (MHRA) hired a company to employ AI in 
compiling the projected reactions to the ‘vaccine’ that would 
otherwise be uncountable. The request for applications said: “The 
MHRA urgently seeks an Artificial Intelligence (AI) software tool to 
process the expected high volume of Covid-19 vaccine Adverse Drug 
Reaction ...’ This was from the agency, headed by the disingenuous 
June Raine, that gave the ‘vaccines’ emergency approval and the 
company was hired before the first shot was given. ‘We are going to 
kill and maim you — is that okay?’ ‘Oh, yes, perfectly fine — I’m very 
grateful, thank you, doctor.’ The range of “Covid vaccine’ adverse 
reactions goes on for page after page in the MHRA criminally 
underreported ‘Yellow Card’ system and includes affects to eyes, 
ears, skin, digestion, blood and so on. Raine’s MHRA amazingly 
claimed that the ‘overall safety experience ... is so far as expected 
from the clinical trials’. The death, serious adverse effects, deafness 
and blindness were expected? When did they ever mention that? If 
these human tragedies were expected then those that gave approval 
for the use of these ‘vaccines’ must be guilty of crimes against 
humanity including murder — a definition of which is ‘killing a 
person with malice aforethought or with recklessness manifesting 
extreme indifference to the value of human life.” People involved at 
the MHRA, the CDC in America and their equivalent around the 
world must go before Nuremberg trials to answer for their callous 
inhumanity. We are only talking here about the immediate effects of 
the ‘vaccine’. The longer-term impact of the DNA synthetic 
manipulation is the main reason they are so hysterically desperate to 
inoculate the entire global population in the shortest possible time. 
Africa and the developing world are a major focus for the ‘vaccine’ 
depopulation agenda and a mass vaccination sales-pitch is 
underway thanks to caring people like the Rockefellers and other 
Cult assets. The Rockefeller Foundation, which pre-empted the 
‘Covid pandemic’ in a document published in 2010 that ‘predicted’ 
what happened a decade later, announced an initial $34.95 million 
grant in February, 2021, ‘to ensure more equitable access to Covid-19 


testing and vaccines’ among other things in Africa in collaboration 
with ‘24 organizations, businesses, and government agencies’. The 
pan-Africa initiative would focus on 10 countries: Burkina Faso, 
Ethiopia, Ghana, Kenya, Nigeria, Rwanda, South Africa, Tanzania, 
Uganda, and Zambia’. Rajiv Shah, President of the Rockefeller 
Foundation and former administrator of ClA-controlled USAID, said 
that if Africa was not mass-vaccinated (to change the DNA of its 
people) it was a ‘threat to all of humanity’ and not fair on Africans. 
When someone from the Rockefeller Foundation says they want to 
do something to help poor and deprived people and countries it is 
time for a belly-laugh. They are doing this out of the goodness of 
their ‘heart’ because ‘vaccinating’ the entire global population is 
what the ‘Covid’ hoax set out to achieve. Official ‘decolonisation’ of 
Africa by the Cult was merely a prelude to financial colonisation on 
the road to a return to physical colonisation. The ‘vaccine’ is vital to 
that and the sudden and convenient death of the ‘Covid’ sceptic 
president of Tanzania can be seen in its true light. A lot of people in 
Africa are aware that this is another form of colonisation and 
exploitation and they need to stand their ground. 


The ‘vaccine is working scam 

A potential problem for the Cult was that the ‘vaccine’ is meant to 
change human DNA and body messaging and not to protect anyone 
from a ‘virus’ never shown to exist. The vaccine couldn’t work 
because it was not designed to work and how could they make it 
appear to be working so that more people would have it? This was 
overcome by lowering the amplification rate of the PCR test to 
produce fewer ‘cases’ and therefore fewer ‘deaths’. Some of us had 
been pointing out since March, 2020, that the amplification rate of 
the test not testing for the ‘virus’ had been made artificially high to 
generate positive tests which they could call ‘cases’ to justify 
lockdowns. The World Health Organization recommended an 
absurdly high 45 amplification cycles to ensure the high positives 
required by the Cult and then remained silent on the issue until 
January 20th, 2021 — Biden’s Inauguration Day. This was when the 


‘vaccinations’ were seriously underway and on that day the WHO 
recommended after discussions with America’s CDC that 
laboratories lowered their testing amplification. Dr David Samadi, a 
certified urologist and health writer, said the WHO was encouraging 
all labs to reduce their cycle count for PCR tests. He said the current 
cycle was much too high and was ‘resulting in any particle being 
declared a positive case’. Even one mainstream news report I saw 
said this meant the number of “Covid’ infections may have been 
‘dramatically inflated’. Oh, just a little bit. The CDC in America 
issued new guidance to laboratories in April, 2021, to use 28 cycles 
but only for ‘vaccinated’ people. The timing of the CDC/WHO 
interventions were cynically designed to make it appear the 
‘vaccines’ were responsible for falling cases and deaths when the real 
reason can be seen in the following examples. New York’s state lab, 
the Wadsworth Center, identified 872 positive tests in July, 2020, 
based on a threshold of 40 cycles. When the figure was lowered to 35 
cycles 43 percent of the 872 were no longer ‘positives’. At 30 cycles 
the figure was 63 percent. A Massachusetts lab found that between 
85 to 90 percent of people who tested positive in July with a cycle 
threshold of 40 would be negative at 30 cycles, Ashish Jha, MD, 
director of the Harvard Global Health Institute, said: ‘I’m really 
shocked that it could be that high ... Boy, does it really change the 
way we need to be thinking about testing.’ I’m shocked that I could 
see the obvious in the spring of 2020, with no medical background, 
and most medical professionals still haven’t worked it out. No, that’s 
not shocking — it’s terrifying. 

Three weeks after the WHO directive to lower PCR cycles the 
London Daily Mail ran this headline: ‘Why ARE Covid cases 
plummeting? New infections have fallen 45% in the US and 30% 
globally in the past 3 weeks but experts say vaccine is NOT the main 
driver because only 8% of Americans and 13% of people worldwide 
have received their first dose.’ They acknowledged that the drop 
could not be attributed to the ‘vaccine’, but soon this morphed 
throughout the media into the ‘vaccine’ has caused cases and deaths 
to fall when it was the PCR threshold. In December, 2020, there was 


chaos at English Channel ports with truck drivers needing negative 
‘Covid’ tests before they could board a ferry home for Christmas. 
The government wanted to remove the backlog as fast as possible 
and they brought in troops to do the ‘testing’. Out of 1,600 drivers 
just 36 tested positive and the rest were given the all clear to cross 
the Channel. I guess the authorities thought that 36 was the least 
they could get away with without the unquestioning catching on. 
The amplification trick which most people believed in the absence of 
information in the mainstream applied more pressure on those 
refusing the ‘vaccine’ to succumb when it ‘obviously worked’. The 
truth was the exact opposite with deaths in care homes soaring with 
the ‘vaccine’ and in Israel the term used was ‘skyrocket’. A re- 
analysis of published data from the Israeli Health Ministry led by Dr 
Hervé Seligmann at the Medicine Emerging Infectious and Tropical 
Diseases at Aix-Marseille University found that Pfizer’s ‘Covid 
vaccine’ killed ‘about 40 times more [elderly] people than the disease 
itself would have killed’ during a five-week vaccination period and 
260 times more younger people than would have died from the 
‘virus’ even according to the manipulated ‘virus’ figures. Dr 
Seligmann and his co-study author, Haim Yativ, declared after 
reviewing the Israeli ‘vaccine’ death data: ‘This is a new Holocaust.’ 


Then, in mid-April, 2021, after vast numbers of people worldwide 
had been ‘vaccinated’, the story changed with clear coordination. 
The UK government began to prepare the ground for more future 
lockdowns when Nuremberg-destined Boris Johnson told yet 
another whopper. He said that cases had fallen because of lockdowns 
not ‘vaccines’. Lockdowns are irrelevant when there is no ‘virus’ and 
the test and fraudulent death certificates are deciding the number of 
‘cases’ and ‘deaths’. Study after study has shown that lockdowns 
don’t work and instead kill and psychologically destroy people. 
Meanwhile in the United States Anthony Fauci and Rochelle 
Walensky, the ultra-Zionist head of the CDC, peddled the same line. 
More lockdown was the answer and not the ‘vaccine’, a line repeated 
on cue by the moron that is Canadian Prime Minister Justin Trudeau. 
Why all the hysteria to get everyone ‘vaccinated’ if lockdowns and 


not ‘vaccines’ made the difference? None of it makes sense on the 
face of it. Oh, but it does. The Cult wants lockdowns and the 
‘vaccine’ and if the ‘vaccine’ is allowed to be seen as the total answer 
lockdowns would no longer be justified when there are still 
livelihoods to destroy. ‘Variants’ and renewed upward manipulation 
of PCR amplification are planned to instigate never-ending 
lockdown and more ‘vaccines’. 


You must have it— we're desperate 

Israel, where the Jewish and Arab population are ruled by the 
Sabbatian Cult, was the front-runner in imposing the DNA- 
manipulating ‘vaccine’ on its people to such an extent that Jewish 
refusers began to liken what was happening to the early years of 
Nazi Germany. This would seem to be a fantastic claim. Why would 
a government of Jewish people be acting like the Nazis did? If you 
realise that the Sabbatian Cult was behind the Nazis and that 
Sabbatians hate Jews the pieces start to fit and the question of why a 
‘Jewish’ government would treat Jews with such callous disregard 
for their lives and freedom finds an answer. Those controlling the 
government of Israel aren't Jewish — they're Sabbatian. Israeli lawyer 
Tamir Turgal was one who made the Nazi comparison in comments 
to German lawyer Reiner Fuellmich who is leading a class action 
lawsuit against the psychopaths for crimes against humanity. Turgal 
described how the Israeli government was vaccinating children and 
pregnant women on the basis that there was no evidence that this 
was dangerous when they had no evidence that it wasn’t dangerous 
either. They just had no evidence. This was medical experimentation 
and Turgal said this breached the Nuremberg Code about medical 
experimentation and procedures requiring informed consent and 
choice. Think about that. A Nuremberg Code developed because of 
Nazi experimentation on Jews and others in concentration camps by 
people like the evil-beyond-belief Josef Mengele is being breached by 
the Israeli government; but when you know that it’s a Sabbatian 
government along with its intelligence and military agencies like 
Mossad, Shin Bet and the Israeli Defense Forces, and that Sabbatians 


were the force behind the Nazis, the kaleidoscope comes into focus. 
What have we come to when Israeli Jews are suing their government 
for violating the Nuremberg Code by essentially making Israelis 
subject to a medical experiment using the controversial ‘vaccines’? 
It’s a shocker that this has to be done in the light of what happened 
in Nazi Germany. The Anshe Ha-Emet, or ‘People of the Truth’, 
made up of Israeli doctors, lawyers, campaigners and public, have 
launched a lawsuit with the International Criminal Court. It says: 


When the heads of the Ministry of Health as well as the prime minister presented the vaccine 
in Israel and began the vaccination of Israeli residents, the vaccinated were not advised, that, 
in practice, they are taking part in a medical experiment and that their consent is required for 
this under the Nuremberg Code. 


The irony is unbelievable, but easily explained in one word: 
Sabbatians. The foundation of Israeli ‘Covid’ apartheid is the ‘green 
pass’ or ‘green passport’ which allows Jews and Arabs who have 
had the DNA-manipulating ‘vaccine’ to go about their lives — to 
work, fly, travel in general, go to shopping malls, bars, restaurants, 
hotels, concerts, gyms, swimming pools, theatres and sports venues, 
while non-’ vaccinated’ are banned from all those places and 
activities. Israelis have likened the ‘green pass’ to the yellow stars 
that Jews in Nazi Germany were forced to wear — the same as the 
yellow stickers that a branch of UK supermarket chain Morrisons 
told exempt mask-wears they had to display when shopping. How 
very sensitive. The Israeli system is blatant South African-style 
apartheid on the basis of compliance or non-compliance to fascism 
rather than colour of the skin. How appropriate that the Sabbatian 
Israeli government was so close to the pre-Mandela apartheid 
regime in Pretoria. The Sabbatian-instigated ‘vaccine passport’ in 
Israel is planned for everywhere. Sabbatians struck a deal with 
Pfizer that allowed them to lead the way in the percentage of a 
national population infused with synthetic material and the result 
was catastrophic. Israeli freedom activist Shai Dannon told me how 
chairs were appearing on beaches that said ‘vaccinated only’. Health 
Minister Yuli Edelstein said that anyone unwilling or unable to get 


the jabs that ‘confer immunity’ will be ‘left behind’. The man’s a liar. 
Not even the makers claim the ‘vaccines’ confer immunity. When 
you see those figures of ‘vaccine’ deaths these psychopaths were 
saying that you must take the chance the ‘vaccine’ will kill you or 
maim you while knowing it will change your DNA or lockdown for 
you will be permanent. That's fascism. The Israeli parliament passed 
a law to allow personal information of the non-vaccinated to be 
shared with local and national authorities for three months. This was 
claimed by its supporters to be a way to ‘encourage’ people to be 
vaccinated. Hadas Ziv from Physicians for Human Rights described 
this as a ‘draconian law which crushed medical ethics and the 
patient rights’. But that’s the idea, the Sabbatians would reply. 


Your papers, please 

Sabbatian Israel was leading what has been planned all along to be a 
global ‘vaccine pass’ called a ‘green passport’ without which you 
would remain in permanent lockdown restriction and unable to do 
anything. This is how badly — desperately — the Cult is to get everyone 
‘vaccinated’. The term and colour ‘green’ was not by chance and 
related to the psychology of fusing the perception of the green 
climate hoax with the ‘Covid’ hoax and how the ‘solution’ to both is 
the same Great Reset. Lying politicians, health officials and 
psychologists denied there were any plans for mandatory 
vaccinations or restrictions based on vaccinations, but they knew 
that was exactly what was meant to happen with governments of all 
countries reaching agreements to enforce a global system. ‘Free’ 
Denmark and ‘free’ Sweden unveiled digital vaccine certification. 
Cyprus, Czech Republic, Estonia, Greece, Hungary, Iceland, Italy, 
Poland, Portugal, Slovakia, and Spain have all committed to a 
vaccine passport system and the rest including the whole of the EU 
would follow. The satanic UK government will certainly go this way 
despite mendacious denials and at the time of writing it is trying to 
manipulate the public into having the ‘vaccine’ so they could go 
abroad on a summer holiday. How would that work without 
something to prove you had the synthetic toxicity injected into you? 


Documents show that the EU’s European Commission was moving 
towards ‘vaccine certificates’ in 2018 and 2019 before the ‘Covid’ 
hoax began. They knew what was coming. Abracadabra — Ursula 
von der Leyen, the German President of the Commission, 
announced in March, 2021, an EU ‘Digital Green Certificate’ — green 
again — to track the public’s ‘Covid status’. The passport sting is 
worldwide and the Far East followed the same pattern with South 
Korea ruling that only those with ‘vaccination’ passports — again the 
green pass — would be able to ‘return to their daily lives’. 


Bill Gates has been preparing for this ‘passport’ with other Cult 
operatives for years and beyond the paper version is a Gates-funded 
‘digital tattoo’ to identify who has been vaccinated and who hasn't. 
The ‘tattoo’ is reported to include a substance which is externally 
readable to confirm who has been vaccinated. This is a bio-luminous 
light-generating enzyme (think fireflies) called ... Luciferase. Yes, 
named after the Cult ‘god’ Lucifer the ‘light bringer’ of whom more 
to come. Gates said he funded the readable tattoo to ensure children 
in the developing world were vaccinated and no one was missed out. 
He cares so much about poor kids as we know. This was just the 
cover story to develop a vaccine tagging system for everyone on the 
planet. Gates has been funding the ID2020 ‘alliance’ to do just that in 
league with other lovely people at Microsoft, GAVI, the Rockefeller 
Foundation, Accenture and IDEO.org. He said in interviews in 
March, 2020, before any ‘vaccine’ publicly existed, that the world 
must have a globalised digital certificate to track the ‘virus’ and who 
had been vaccinated. Gates knew from the start that the mRNA 
vaccines were coming and when they would come and that the plan 
was to tag the ‘vaccinated’ to marginalise the intelligent and stop 
them doing anything including travel. Evil just doesn’t suffice. Gates 
was exposed for offering a $10 million bribe to the Nigerian House 
of Representatives to invoke compulsory ‘Covid’ vaccination of all 
Nigerians. Sara Cunial, a member of the Italian Parliament, called 
Gates a ‘vaccine criminal’. She urged the Italian President to hand 
him over to the International Criminal Court for crimes against 


humanity and condemned his plans to ‘chip the human race’ 
through ID2020. 

You know it’s a long-planned agenda when war criminal and Cult 
gofer Tony Blair is on the case. With the scale of arrogance only 
someone as dark as Blair can muster he said: ‘Vaccination in the end 
is going to be your route to liberty.’ Blair is a disgusting piece of 
work and he confirms that again. The media has given a lot of 
coverage to a bloke called Charlie Mullins, founder of London’s 
biggest independent plumbing company, Pimlico Plumbers, who has 
said he won’t employ anyone who has not been vaccinated or have 
them go to any home where people are not vaccinated. He said that 
if he had his way no one would be allowed to walk the streets if they 
have not been vaccinated. Gates was cheering at the time while I was 
alerting the white coats. The plan is that people will qualify for 
‘passports’ for having the first two doses and then to keep it they 
will have to have all the follow ups and new ones for invented 
‘variants’ until human genetics is transformed and many are dead 
who can’t adjust to the changes. Hollywood celebrities — the usual 
propaganda stunt — are promoting something called the WELL 
Health-Safety Rating to verify that a building or space has ‘taken the 
necessary steps to prioritize the health and safety of their staff, 
visitors and other stakeholders’. They included Lady Gaga, Jennifer 
Lopez, Michael B. Jordan, Robert DeNiro, Venus Williams, Wolfgang 
Puck, Deepak Chopra and 17th Surgeon General Richard Carmona. 
Yawn. WELL Health-Safety has big connections with China. Parent 
company Delos is headed by former Goldman Sachs partner Paul 
Scialla. This is another example — and we will see so many others — 
of using the excuse of ‘health’ to dictate the lives and activities of the 
population. I guess one confirmation of the ‘safety’ of buildings is 
that only ‘vaccinated’ people can go in, right? 


Electronic concentration camps 

I wrote decades ago about the plans to restrict travel and here we are 
for those who refuse to bow to tyranny. This can be achieved in one 
go with air travel if the aviation industry makes a blanket decree. 


The ‘vaccine’ and guaranteed income are designed to be part of a 
global version of China’s social credit system which tracks behaviour 
24/7 and awards or deletes ‘credits’ based on whether your 
behaviour is supported by the state or not. I mean your entire 
lifestyle — what you do, eat, say, everything. Once your credit score 
falls below a certain level consequences kick in. In China tens of 
millions have been denied travel by air and train because of this. All 
the locations and activities denied to refusers by the ‘vaccine’ 
passports will be included in one big mass ban on doing almost 
anything for those that don’t bow their head to government. It’s 
beyond fascist and a new term is required to describe its extremes — I 
guess fascist technocracy will have to do. The way the Chinese 
system of technological — technocratic — control is sweeping the West 
can be seen in the Los Angeles school system and is planned to be 
expanded worldwide. Every child is required to have a “Covid’- 
tracking app scanned daily before they can enter the classroom. The 
so-called Daily Pass tracking system is produced by Gates’ Microsoft 
which I’m sure will shock you rigid. The pass will be scanned using 
a barcode (one step from an inside-the-body barcode) and the 
information will include health checks, ‘Covid’ tests and 
vaccinations. Entry codes are for one specific building only and 
access will only be allowed if a student or teacher has a negative test 
with a test not testing for the ‘virus’, has no symptoms of anything 
alleged to be related to ‘Covid’ (symptoms from a range of other 
illness), and has a temperature under 100 degrees. No barcode, no 
entry, is planned to be the case for everywhere and not only schools. 
Kids are being psychologically prepared to accept this as ‘normal’ 
their whole life which is why what they can impose in schools is so 
important to the Cult and its gofers. Long-time American freedom 
campaigner John Whitehead of the Rutherford Institute was not 
exaggerating when he said: ‘Databit by databit, we are building our 
own electronic concentration camps.’ Canada under its Cult gofer 
prime minister Justin Trudeau has taken a major step towards the 
real thing with people interned against their will if they test positive 
with a test not testing for the ‘virus’ when they arrive at a Canadian 


airport. They are jailed in internment hotels often without food or 
water for long periods and with many doors failing to lock there 
have been sexual assaults. The interned are being charged 
sometimes $2,000 for the privilege of being abused in this way. 
Trudeau is fully on board with the Cult and says the ‘Covid 
pandemic’ has provided an opportunity for a global ‘reset’ to 
permanently change Western civilisation. His number two, Deputy 
Prime Minister Chrystia Freeland, is a trustee of the World Economic 
Forum and a Rhodes Scholar. The Trudeau family have long been 
servants of the Cult. See The Biggest Secret and Cathy O’Brien’s book 
Trance-Formation of America for the horrific background to Trudeau's 
father Pierre Trudeau another Canadian prime minister. Hide your 
fascism behind the fagade of a heart-on-the-sleeve liberal. It’s a well- 
honed Cult technique. 


What can the ‘vaccine’ really do? 


We have a ‘virus’ never shown to exist and ‘variants’ of the ‘virus’ 
that have also never been shown to exist except, like the ‘original’, as 
computer-generated fictions. Even if you believe there’s a ‘virus’ the 
‘case’ to ‘death’ rate is in the region of 0.23 to 0.15 percent and those 
‘deaths’ are concentrated among the very old around the same 
average age that people die anyway. In response to this lack of threat 
(in truth none) psychopaths and idiots, knowingly and unknowingly 
answering to Gates and the Cult, are seeking to ‘vaccinate’ every 
man, woman and child on Planet Earth. Clearly the ‘vaccine’ is not 
about “Covid’ — none of this ever has been. So what is it all about 
really? Why the desperation to infuse genetically-manipulating 
synthetic material into everyone through mRNA fraudulent 
‘vaccines’ with the intent of doing this over and over with the 
excuses of ‘variants’ and other ‘virus’ inventions? Dr Sherri 
Tenpenny, an osteopathic medical doctor in the United States, has 
made herself an expert on vaccines and their effects as a vehement 
campaigner against their use. Tenpenny was board certified in 
emergency medicine, the director of a level two trauma centre for 12 
years, and moved to Cleveland in 1996 to start an integrative 


medicine practice which has treated patients from all 50 states and 
some 17 other countries. Weaning people off pharmaceutical drugs is 
a speciality. 

She became interested in the consequences of vaccines after 
attending a meeting at the National Vaccine Information Center in 
Washington DC in 2000 where she ‘sat through four days of listening 
to medical doctors and scientists and lawyers and parents of vaccine 
injured kids’ and asked: ‘What's going on?’ She had never been 
vaccinated and never got ill while her father was given a list of 
vaccines to be in the military and was ‘sick his entire life’. The 
experience added to her questions and she began to examine vaccine 
documents from the Centers for Disease Control (CDC). After 
reading the first one, the 1998 version of The General Recommendations 
of Vaccination, she thought: ‘This is it?” The document was poorly 
written and bad science and Tenpenny began 20 years of research 
into vaccines that continues to this day. She began her research into 
‘Covid vaccines’ in March, 2020, and she describes them as ‘deadly’. 
For many, as we have seen, they already have been. Tenpenny said 
that in the first 30 days of the ‘vaccine’ rollout in the United States 
there had been more than 40,000 adverse events reported to the 
vaccine adverse event database. A document had been delivered to 
her the day before that was 172 pages long. ‘We have over 40,000 
adverse events; we have over 3,100 cases of [potentially deadly] 
anaphylactic shock; we have over 5,000 neurological reactions.’ 
Effects ranged from headaches to numbness, dizziness and vertigo, 
to losing feeling in hands or feet and paraesthesia which is when 
limbs ‘fall asleep’ and people have the sensation of insects crawling 
underneath their skin. All this happened in the first 30 days and 
remember that only about ten percent (or far less) of adverse reactions 
and vaccine-related deaths are estimated to be officially reported. 
Tenpenny said: 


So can you think of one single product in any industry, any industry, for as long as products 
have been made on the planet that within 30 days we have 40,000 people complaining of 
side effects that not only is still on the market but ... we’ve got paid actors telling us how great 


they are for getting their vaccine. We're offering people $500 if they will just get their vaccine 
and we've got nurses and doctors going; ‘I got the vaccine, | got the vaccine’. 


Tenpenny said they were not going to be ‘happy dancing folks’ 
when they began to suffer Bell’s palsy (facial paralysis), 
neuropathies, cardiac arrhythmias and autoimmune reactions that 
kill through a blood disorder. ‘They’re not going to be so happy, 
happy then, but we’re never going to see pictures of those people’ 
she said. Tenpenny described the ‘vaccine’ as ‘a well-designed killing 
tool’. 


No off-switch 

Bad as the initial consequences had been Tenpenny said it would be 
maybe 14 months before we began to see the ‘full ravage’ of what is 
going to happen to the ‘Covid vaccinated’ with full-out 
consequences taking anything between two years and 20 years to 
show. You can understand why when you consider that variations of 
the ‘Covid vaccine’ use mRNA (messenger RNA) to in theory 
activate the immune system to produce protective antibodies 
without using the actual ‘virus’. How can they when it’s a computer 
program and they’ve never isolated what they claim is the ‘real 
thing’? Instead they use synthetic mRNA. They are inoculating 
synthetic material into the body which through a technique known 
as the Trojan horse is absorbed into cells to change the nature of 
DNA. Human DNA is changed by an infusion of messenger RNA 
and with each new ‘vaccine’ of this type it is changed even more. Say 
so and you are banned by Cult Internet platforms. The contempt the 
contemptuous Mark Zuckerberg has for the truth and human health 
can be seen in an internal Facebook video leaked to the Project 
Veritas investigative team in which he said of the ‘Covid vaccines’: 
‘... [share some caution on this because we just don’t know the long 
term side-effects of basically modifying people’s DNA and RNA.’ At 
the same time this disgusting man’s Facebook was censoring and 
banning anyone saying exactly the same. He must go before a 
Nuremberg trial for crimes against humanity when he knows that he 


is censoring legitimate concerns and denying the right of informed 
consent on behalf of the Cult that owns him. People have been killed 
and damaged by the very ‘vaccination’ technique he cast doubt on 
himself when they may not have had the ‘vaccine’ with access to 
information that he denied them. The plan is to have at least annual 
‘Covid vaccinations’, add others to deal with invented ‘variants’, and 
change all other vaccines into the mRNA system. Pfizer executives 
told shareholders at a virtual Barclays Global Healthcare Conference 
in March, 2021, that the public may need a third dose of ‘Covid 
vaccine’, plus regular yearly boosters and the company planned to 
hike prices to milk the profits in a ‘significant opportunity for our 
vaccine’. These are the professional liars, cheats and opportunists 
who are telling you their ‘vaccine’ is safe. Given this volume of 
mRNA planned to be infused into the human body and its ability to 
then replicate we will have a transformation of human genetics from 
biological to synthetic biological — exactly the long-time Cult plan for 
reasons we'll see — and many will die. Sherri Tenpenny said of this 
replication: 


It’s like having an on-button but no off-button and that whole mechanism ... they actually 
give it aname and they call it the Trojan horse mechanism, because it allows that [synthetic] 
virus and that piece of that [synthetic] virus to get inside of your cells, start to replicate and 
even get inserted into other parts of your DNA as a Trojan-horse. 


Ask the overwhelming majority of people who have the ‘vaccine’ 
what they know about the contents and what they do and they 
would reply: ‘The government says it will stop me getting the virus.’ 
Governments give that false impression on purpose to increase take- 
up. You can read Sherri Tenpenny’s detailed analysis of the health 
consequences in her blog at Vaxxter.com, but in summary these are 
some of them. She highlights the statement by Bill Gates about how 
human beings can become their own ‘vaccine manufacturing 
machine’. The man is insane. [“Vaccine’-generated] ‘antibodies’ carry 
synthetic messenger RNA into the cells and the damage starts, 
Tenpenny contends, and she says that lungs can be adversely 
affected through varying degrees of pus and bleeding which 


obviously affects breathing and would be dubbed ‘Covid-19’. Even 
more sinister was the impact of ‘antibodies’ on macrophages, a white 
blood cell of the immune system. They consist of Type 1 and Type 2 
which have very different functions. She said Type 1 are ‘hyper- 
vigilant’ white blood cells which ‘gobble up’ bacteria etc. However, 
in doing so, this could cause inflammation and in extreme 
circumstances be fatal. She says these affects are mitigated by Type 2 
macrophages which kick in to calm down the system and stop it 
going rogue. They clear up dead tissue debris and reduce 
inflammation that the Type 1 ‘fire crews’ have caused. Type 1 kills 
the infection and Type 2 heals the damage, she says. This is her 
punchline with regard to ‘Covid vaccinations’: She says that mRNA 
‘antibodies’ block Type 2 macrophages by attaching to them and 
deactivating them. This meant that when the Type 1 response was 
triggered by infection there was nothing to stop that getting out of 
hand by calming everything down. There’s an on-switch, but no off- 
switch, she says. What follows can be ‘over and out, see you when I 
see you’. 


Genetic suicide 

Tenpenny also highlights the potential for autoimmune disease — the 
body attacking itself —- which has been associated with vaccines since 
they first appeared. Infusing a synthetic foreign substance into cells 
could cause the immune system to react in a panic believing that the 
body is being overwhelmed by an invader (it is) and the 
consequences can again be fatal. There is an autoimmune response 
known as a ‘cytokine storm’ which I have likened to a homeowner 
panicked by an intruder and picking up a gun to shoot randomly in 
all directions before turning the fire on himself. The immune system 
unleashes a storm of inflammatory response called cytokines to a 
threat and the body commits hara-kiri. The lesson is that you mess 
with the body’s immune response at your peril and these ‘vaccines’ 
seriously — fundamentally — mess with immune response. Tenpenny 
refers to a consequence called anaphylactic shock which is a severe 
and highly dangerous allergic reaction when the immune system 


floods the body with chemicals. She gives the example of having a 
bee sting which primes the immune system and makes it sensitive to 
those chemicals. When people are stung again maybe years later the 
immune response can be so powerful that it leads to anaphylactic 
shock. Tenpenny relates this ‘shock’ with regard to the ‘Covid 
vaccine’ to something called polyethylene glycol or PEG. Enormous 
numbers of people have become sensitive to this over decades of use 
in a whole range of products and processes including food, drink, 
skin creams and ‘medicine’. Studies have claimed that some 72 
percent of people have antibodies triggered by PEG compared with 
two percent in the 1960s and allergic hypersensitive reactions to this 
become a gathering cause for concern. Tenpenny points out that the 
‘mRNA vaccine’ is coated in a ‘bubble’ of polyethylene glycol which 
has the potential to cause anaphylactic shock through immune 
sensitivity. Many reports have appeared of people reacting this way 
after having the ‘Covid vaccine’. What do we think is going to 
happen as humanity has more and more of these ‘vaccines’? 
Tenpenny said: ‘All these pictures we have seen with people with 
these rashes ... these weepy rashes, big reactions on their arms and 
things like that — it’s an acute allergic reaction most likely to the 
polyethylene glycol that you’ve been previously primed and 
sensitised to.’ 

Those who have not studied the conspiracy and its perpetrators at 
length might think that making the population sensitive to PEG and 
then putting it in these ‘vaccines’ is just a coincidence. It is not. It is 
instead testament to how carefully and coldly-planned current 
events have been and the scale of the conspiracy we are dealing 
with. Tenpenny further explains that the ‘vaccine’ mRNA procedure 
can breach the blood-brain barrier which protects the brain from 
toxins and other crap that will cause malfunction. In this case they 
could make two proteins corrupt brain function to cause 
Amyotrophic lateral sclerosis (ALS) , a progressive nervous system 
disease leading to loss of muscle control, and frontal lobe 
degeneration — Alzheimer’s and dementia. Immunologist J. Bart 
Classon published a paper connecting mRNA ‘vaccines’ to prion 


disease which can lead to Alzheimer’s and other forms of 
neurogenerative disease while others have pointed out the potential 
to affect the placenta in ways that make women infertile. This will 
become highly significant in the next chapter when I will discuss 
other aspects of this non-vaccine that relate to its nanotechnology 
and transmission from the injected to the uninjected. 


Qualified in idiocy 

Tenpenny describes how research has confirmed that these ‘vaccine’- 
generated antibodies can interact with a range of other tissues in the 
body and attack many other organs including the lungs. ‘This means 
that if you have a hundred people standing in front of you that all 
got this shot they could have a hundred different symptoms.’ 
Anyone really think that Cult gofers like the Queen, Tony Blair, 
Christopher Whitty, Anthony Fauci, and all the other psychopaths 
have really had this ‘vaccine’ in the pictures we’ve seen? Not a 
bloody chance. Why don’t doctors all tell us about all these dangers 
and consequences of the ‘Covid vaccine’? Why instead do they 
encourage and pressure patients to have the shot? Don’t let’s think 
for amoment that doctors and medical staff can’t be stupid, lazy, and 
psychopathic and that’s without the financial incentives to give the 
jab. Tenpenny again: 


Some people are going to die from the vaccine directly but a large number of people are 
going to start to get horribly sick and get all kinds of autoimmune diseases 42 days to maybe a 
year out. What are they going to do, these stupid doctors who say; ‘Good for you for getting 
that vaccine.’ What are they going to say; ‘Oh, it must be a mutant, we need to give an extra 
dose of that vaccine.’ 


Because now the vaccine, instead of one dose or two doses we need three or four because the 
stupid physicians aren’t taking the time to learn anything about it. If | can learn this sitting in 
my living room reading a 19 page paper and several others so can they. There’s nothing 
special about me, | just take the time to do it. 


Remember how Sara Kayat, the NHS and TV doctor, said that the 
‘Covid vaccine’ would ‘100 percent prevent hospitalisation and 
death’. Doctors can be idiots like every other profession and they 


should not be worshipped as infallible. They are not and far from it. 
Behind many medical and scientific ‘experts’ lies an uninformed prat 
trying to hide themselves from you although in the ‘Covid’ era many 
have failed to do so as with UK narrative-repeating “TV doctor’ 
Hilary Jones. Pushing back against the minority of proper doctors 
and scientists speaking out against the ‘vaccine’ has been the entire 
edifice of the Cult global state in the form of governments, medical 
systems, corporations, mainstream media, Silicon Valley, and an 
army of compliant doctors, medical staff and scientists willing to say 
anything for money and to enhance their careers by promoting the 
party line. If you do that you are an ‘expert’ and if you won’t you are 
an ‘anti-vaxxer’ and ‘Covidiot’. The pressure to be ‘vaccinated’ is 
incessant. We have even had reports claiming that the ‘vaccine’ can 
help cure cancer and Alzheimer’s and make the lame walk. I am 
waiting for the announcement that it can bring you coffee in the 
morning and cook your tea. Just as the symptoms of ‘Covid’ seem to 
increase by the week so have the miracles of the ‘vaccine’. American 
supermarket giant Kroger Co. offered nearly 500,000 employees in 
35 states a $100 bonus for having the ‘vaccine’ while donut chain 
Krispy Kreme promised ‘vaccinated’ customers a free glazed donut 
every day for the rest of 2021. Have your DNA changed and you will 
get a doughnut although we might not have to give you them for 
long. Such offers and incentives confirm the desperation. 


Perhaps the worse vaccine-stunt of them all was UK ‘Health’ 
Secretary Matt-the-prat Hancock on live TV after watching a clip of 
someone being ‘vaccinated’ when the roll-out began. Hancock faked 
tears so badly it was embarrassing. Brain-of-Britain Piers Morgan, 
the lockdown-supporting, ‘vaccine’ supporting, ‘vaccine’ passport- 
supporting, TV host played along with Hancock — ‘You're quite 
emotional about that’ he said in response to acting so atrocious it 
would have been called out at a school nativity which will 
presumably today include Mary and Jesus in masks, wise men 
keeping their camels six feet apart, and shepherds under tent arrest. 
System-serving Morgan tweeted this: ‘Love the idea of covid vaccine 
passports for everywhere: flights, restaurants, clubs, football, gyms, 


shops etc. It’s time covid-denying, anti-vaxxer loonies had their 
bullsh*t bluff called & bar themselves from going anywhere that 
responsible citizens go.’ If only I could aspire to his genius. To think 
that Morgan, who specialises in shouting over anyone he disagrees 
with, was lauded as a free speech hero when he lost his job after 
storming off the set of his live show like a child throwing his dolly 
out of the pram. If he is a free speech hero we are in real trouble. I 
have no idea what ‘bullsh*t’ means, by the way, the * throws me 
completely. 

The Cult is desperate to infuse its synthetic DNA-changing 
concoction into everyone and has been using every lie, trick and 
intimidation to do so. The question of ‘Why?’ we shall now address. 


CHAPTER TEN 
Human 2.0 


| believe that at the end of the century the use of words and general 

educated opinion will have altered so much that one will be able to 

speak of machines thinking without expecting to be contradicted — 
Alan Turing (1912-1954), the ‘Father of artificial intelligence‘ 


have been exposing for decades the plan to transform the human 

body from a biological to a synthetic-biological state. The new 
human that I will call Human 2.0 is planned to be connected to 
artificial intelligence and a global AI ‘Smart Grid’ that would operate 
as one global system in which AI would control everything from 
your fridge to your heating system to your car to your mind. 
Humans would no longer be ‘human’, but post-human and sub- 
human, with their thinking and emotional processes replaced by AI. 

What I said sounded crazy and beyond science fiction and I could 
understand that. To any balanced, rational, mind it is crazy. Today, 
however, that world is becoming reality and it puts the ‘Covid 
vaccine’ into its true context. Ray Kurzweil is the ultra-Zionist 
‘computer scientist, inventor and futurist’ and co-founder of the 
Singularity University. Singularity refers to the merging of humans 
with machines or ‘transhumanism’. Kurzweil has said humanity 
would be connected to the cyber ‘cloud’ in the period of the ever- 
recurring year of 2030: 


Our thinking ... will be a hybrid of biological and non-biological thinking ... humans will be 
able to extend their limitations and ‘think in the cloud’ ... We’re going to put gateways to the 


cloud in our brains ... We're going to gradually merge and enhance ourselves ... In my view, 
that’s the nature of being human — we transcend our limitations. As the technology becomes 
vastly superior to what we are then the small proportion that is still human gets smaller and 
smaller and smaller until it’s just utterly negligible. 


They are trying to sell this end-of-humanity-as-we-know-it as the 
next stage of ‘evolution’ when we become super-human and ‘like the 
gods’. They are lying to you. Shocked, eh? The population, and again 
especially the young, have been manipulated into addiction to 
technologies designed to enslave them for life. First they induced an 
addiction to smartphones (holdables); next they moved to 
technology on the body (wearables); and then began the invasion of 
the body (implantables). I warned way back about the plan for 
microchipped people and we are now entering that era. We should 
not be diverted into thinking that this refers only to chips we can see. 
Most important are the nanochips known as smart dust, neural dust 
and nanobots which are far too small to be seen by the human eye. 
Nanotechnology is everywhere, increasingly in food products, and 
released into the atmosphere by the geoengineering of the skies 
funded by Bill Gates to ‘shut out the Sun’ and ‘save the planet from 
global warming’. Gates has been funding a project to spray millions 
of tonnes of chalk (calcium carbonate) into the stratosphere over 
Sweden to ‘dim the Sun’ and cool the Earth. Scientists warned the 
move could be disastrous for weather systems in ways no one can 
predict and opposition led to the Swedish space agency announcing 
that the ‘experiment’ would not be happening as planned in the 
summer of 2021; but it shows where the Cult is going with dimming 
the impact of the Sun and there’s an associated plan to change the 
planet’s atmosphere. Who gives psychopath Gates the right to 
dictate to the entire human race and dismantle planetary systems? 
The world will not be safe while this man is at large. 

The global warming hoax has made the Sun, like the gas of life, 
something to fear when both are essential to good health and human 
survival (more inversion). The body transforms sunlight into vital 
vitamin D through a process involving ... cholesterol. This is the 
cholesterol we are also told to fear. We are urged to take Big Pharma 


statin drugs to reduce cholesterol and it’s all systematic. Reducing 
cholesterol means reducing vitamin D uptake with all the multiple 
health problems that will cause. At least if you take statins long term 
it saves the government from having to pay you a pension. The 
delivery system to block sunlight is widely referred to as chemtrails 
although these have a much deeper agenda, too. They appear at first 
to be contrails or condensation trails streaming from aircraft into 
cold air at high altitudes. Contrails disperse very quickly while 
chemtrails do not and spread out across the sky before eventually 
their content falls to earth. Many times I have watched aircraft cross- 
cross a clear blue sky releasing chemtrails until it looks like a cloudy 
day. Chemtrails contain many things harmful to humans and the 
natural world including toxic heavy metals, aluminium (see 
Alzheimer’s) and nanotechnology. Ray Kurzweil reveals the reason 
without actually saying so: ‘Nanobots will infuse all the matter 
around us with information. Rocks, trees, everything will become 
these intelligent creatures.’ How do you deliver that? From the sky. 
Self-replicating nanobots would connect everything to the Smart 
Grid. The phenomenon of Morgellons disease began in the chemtrail 
era and the correlation has led to it being dubbed the ‘chemtrail 
disease’. Self-replicating fibres appear in the body that can be pulled 
out through the skin. Morgellons fibres continue to grow outside the 
body and have a form of artificial intelligence. I cover this at greater 
length in Phantom Self. 


Vaccine’ operating system 

‘Covid vaccines’ with their self-replicating synthetic material are also 
designed to make the connection between humanity and Kurzweil’s 
‘cloud’. American doctor and dedicated campaigner for truth, Carrie 
Madej, an Internal Medicine Specialist in Georgia with more than 20 
years medical experience, has highlighted the nanotechnology aspect 
of the fake ‘vaccines’. She explains how one of the components in at 
least the Moderna and Pfizer synthetic potions are ‘lipid 
nanoparticles’ which are ‘like little tiny computer bits’ — a ‘sci-fi 
substance’ known as nanobots and hydrogel which can be ‘triggered 


at any moment to deliver its payload’ and act as ‘biosensors’. The 
synthetic substance had ‘the ability to accumulate data from your 
body like your breathing, your respiration, thoughts and emotions, 
all kind of things’ and each syringe could carry a million nanobots: 


This substance because it’s like little bits of computers in your body, crazy, but it’s true, it can 
do that, [and] obviously has the ability to act through Wi-Fi. It can receive and transmit 
energy, messages, frequencies or impulses. That issue has never been addressed by these 
companies. What does that do to the human? 


Just imagine getting this substance in you and it can react to things all around you, the 5G, 
your smart device, your phones, what is happening with that? What if something is triggering 
it, too, like an impulse, a frequency? We have something completely foreign in the human 
body. 


Madej said her research revealed that electromagnetic (EMF) 
frequencies emitted by phones and other devices had increased 
dramatically in the same period of the ‘vaccine’ rollout and she was 
seeing more people with radiation problems as 5G and other 
electromagnetic technology was expanded and introduced to schools 
and hospitals. She said she was “floored with the EMF coming off’ 
the devices she checked. All this makes total sense and syncs with 
my own work of decades when you think that Moderna refers in 
documents to its mRNA ‘vaccine’ as an ‘operating system’: 


Recognizing the broad potential of mRNA science, we set out to create an MRNA technology 
platform that functions very much like an operating system on a computer. It is designed so 
that it can plug and play interchangeably with different programs. In our case, the ‘program’ 
or ‘app’ is our MRNA drug — the unique MRNA sequence that codes for a protein ... 


... Our MRNA Medicines — ‘The ‘Software Of Life’: When we have a concept for a new 
mRNA medicine and begin research, fundamental components are already in place. 
Generally, the only thing that changes from one potential MRNA medicine to another is the 
coding region — the actual genetic code that instructs ribosomes to make protein. Utilizing 
these instruction sets gives our investigational MRNA medicines a software-like quality. We 
also have the ability to combine different mRNA sequences encoding for different proteins in 
a single MRNA investigational medicine. 


Who needs a real ‘virus’ when you can create a computer version to 
justify infusing your operating system into the entire human race on 
the road to making living, breathing people into cyborgs? What is 
missed with the ‘vaccines’ is the digital connection between synthetic 
material and the body that I highlighted earlier with the study that 
hacked a computer with human DNA. On one level the body is 
digital, based on mathematical codes, and I’ll have more about that 
in the next chapter. Those who ridiculously claim that mRNA 
‘vaccines’ are not designed to change human genetics should explain 
the words of Dr Tal Zaks, chief medical officer at Moderna, in a 2017 
TED talk. He said that over the last 30 years ‘we’ve been living this 
phenomenal digital scientific revolution, and I’m here today to tell 
you, that we are actually hacking the software of life, and that it’s 
changing the way we think about prevention and treatment of 
disease’: 


In every cell there’s this thing called messenger RNA, or MRNA for short, that transmits the 
critical information from the DNA in our genes to the protein, which is really the stuff we’re 
all made out of. This is the critical information that determines what the cell will do. So we 
think about it as an operating system. So if you could change that, if you could introduce a 
line of code, or change a line of code, it turns out, that has profound implications for 
everything, from the flu to cancer. 


Zaks should more accurately have said that this has profound 
implications for the human genetic code and the nature of DNA. 
Communications within the body go both ways and not only one. 
But, hey, no, the ‘Covid vaccine’ will not affect your genetics. Cult 
fact-checkers say so even though the man who helped to develop the 
mRNA technique says that it does. Zaks said in 2017: 


If you think about what it is we’re trying to do. We’ve taken information and our 
understanding of that information and how that information is transmitted in a cell, and we’ve 
taken our understanding of medicine and how to make drugs, and we’re fusing the two. We 
think of it as information therapy. 


I have been writing for decades that the body is an information 
field communicating with itself and the wider world. This is why 


radiation which is information can change the information field of 
body and mind through phenomena like 5G and change their nature 
and function. ‘Information therapy’ means to change the body’s 
information field and change the way it operates. DNA is a receiver- 
transmitter of information and can be mutated by information like 
mRNA synthetic messaging. Technology to do this has been ready 
and waiting in the underground bases and other secret projects to be 
rolled out when the ‘Covid’ hoax was played. ‘Trials’ of such short 
and irrelevant duration were only for public consumption. When 
they say the ‘vaccine’ is ‘experimental’ that is not true. It may appear 
to be ‘experimental’ to those who don’t know what's going on, but 
the trials have already been done to ensure the Cult gets the result it 
desires. Zaks said that it took decades to sequence the human 
genome, completed in 2003, but now they could do it in a week. By 
‘they’ he means scientists operating in the public domain. In the 
secret projects they were sequencing the genome in a week long 
before even 2003. 


Deluge of mRNA 

Highly significantly the Moderna document says the guiding 
premise is that if using mRNA as a medicine works for one disease 
then it should work for many diseases. They were leveraging the 
flexibility afforded by their platform and the fundamental role 
mRNA plays in protein synthesis to pursue mRNA medicines for a 
broad spectrum of diseases. Moderna is confirming what I was 
saying through 2020 that multiple ‘vaccines’ were planned for 
‘Covid’ (and later invented ‘variants’) and that previous vaccines 
would be converted to the mRNA system to infuse the body with 
massive amounts of genetically-manipulating synthetic material to 
secure a transformation to a synthetic-biological state. The ‘vaccines’ 
are designed to kill stunning numbers as part of the long-exposed 
Cult depopulation agenda and transform the rest. Given this is the 
goal you can appreciate why there is such hysterical demand for 
every human to be ‘vaccinated’ for an alleged ‘disease’ that has an 
estimated ‘infection’ to ‘death’ ratio of 0.23-0.15 percent. As I write 


children are being given the ‘vaccine’ in trials (their parents are a 
disgrace) and ever-younger people are being offered the vaccine for 
a ‘virus’ that even if you believe it exists has virtually zero chance of 
harming them. Horrific effects of the ‘trials’ on a 12-year-old girl 
were revealed by a family member to be serious brain and gastric 
problems that included a bowel obstruction and the inability to 
swallow liquids or solids. She was unable to eat or drink without 
throwing up, had extreme pain in her back, neck and abdomen, and 
was paralysed from the waist down which stopped her urinating 
unaided. When the girl was first taken to hospital doctors said it was 
all in her mind. She was signed up for the ‘trial’ by her parents for 
whom no words suffice. None of this ‘Covid vaccine’ insanity makes 
any sense unless you see what the ‘vaccine’ really is — a body- 
changer. Synthetic biology or ‘SynBio’ is a fast-emerging and 
expanding scientific discipline which includes everything from 
genetic and molecular engineering to electrical and computer 
engineering. Synthetic biology is defined in these ways: 


e A multidisciplinary area of research that seeks to create new 
biological parts, devices, and systems, or to redesign systems that 
are already found in nature. 


e The use of a mixture of physical engineering and genetic 
engineering to create new (and therefore synthetic) life forms. 


e Anemerging field of research that aims to combine the 
knowledge and methods of biology, engineering and related 
disciplines in the design of chemically-synthesized DNA to create 
organisms with novel or enhanced characteristics and traits 
(synthetic organisms including humans). 


We now have synthetic blood, skin, organs and limbs being 
developed along with synthetic body parts produced by 3D printers. 
These are all elements of the synthetic human programme and this 
comment by Kurzweil’s co-founder of the Singularity University, 


Peter Diamandis, can be seen in a whole new light with the ‘Covid’ 
hoax and the sanctions against those that refuse the ‘vaccine’: 


Anybody who is going to be resisting the progress forward [to transhumanism] is going to be 
resisting evolution and, fundamentally, they will die out. It’s not a matter of whether it’s good 
or bad. It’s going to happen. 


‘Resisting evolution’? What absolute bollocks. The arrogance of these 
people is without limit. His ‘it’s going to happen’ mantra is another 
way of saying ‘resistance is futile’ to break the spirit of those pushing 
back and we must not fall for it. Getting this genetically- 
transforming ‘vaccine’ into everyone is crucial to the Cult plan for 
total control and the desperation to achieve that is clear for anyone 
to see. Vaccine passports are a major factor in this and they, too, are a 
form of resistance is futile. It’s NOT. The paper funded by the 
Rockefeller Foundation for the 2013 ‘health conference’ in China 
said: 


We will interact more with artificial intelligence. The use of robotics, bio-engineering to 
augment human functioning is already well underway and will advance. Re-engineering of 
humans into potentially separate and unequal forms through genetic engineering or mixed 
human-robots raises debates on ethics and equality. 


A new demography is projected to emerge after 2030 [that year again] of technologies 
(robotics, genetic engineering, nanotechnology) producing robots, engineered organisms, 
‘nanobots’ and artificial intelligence (Al) that can self-replicate. Debates will grow on the 
implications of an impending reality of human designed life. 


What is happening today is so long planned. The world army 
enforcing the will of the world government is intended to be a robot 
army, not a human one. Today’s military and its technologically 
‘enhanced’ troops, pilotless planes and driverless vehicles are just 
stepping stones to that end. Human soldiers are used as Cult fodder 
and its time they woke up to that and worked for the freedom of the 
population instead of their own destruction and their family’s 
destruction — the same with the police. Join us and let’s sort this out. 
The phenomenon of enforce my own destruction is widespread in 
the ‘Covid’ era with Woker ‘luvvies’ in the acting and entertainment 


industries supporting ‘Covid’ rules which have destroyed their 
profession and the same with those among the public who put signs 
on the doors of their businesses ‘closed due to Covid — stay safe’ 
when many will never reopen. It’s a form of masochism and most 
certainly insanity. 


Transgender = transhumanism 

When something explodes out of nowhere and is suddenly 
everywhere it is always the Cult agenda and so it is with the tidal 
wave of claims and demands that have infiltrated every aspect of 
society under the heading of ‘transgenderism’. The term ‘trans’ is so 
‘in’ and this is the dictionary definition: 


A prefix meaning ‘across’, ‘through’, occurring ... in loanwords from Latin, used in particular 
for denoting movement or conveyance from place to place (transfer; transmit; transplant) or 
complete change (transform; transmute), or to form adjectives meaning ‘crossing’, ‘on the 
other side of’, or ‘going beyond’ the place named (transmontane; transnational; trans- 
Siberian). 


Transgender means to go beyond gender and transhuman means 
to go beyond human. Both are aspects of the Cult plan to transform 
the human body to a synthetic state with no gender. Human 2.0 is not 
designed to procreate and would be produced technologically with 
no need for parents. The new human would mean the end of parents 
and so men, and increasingly women, are being targeted for the 
deletion of their rights and status. Parental rights are disappearing at 
an ever-quickening speed for the same reason. The new human 
would have no need for men or women when there is no procreation 
and no gender. Perhaps the transgender movement that appears to 
be in a permanent state of frenzy might now contemplate on how it 
is being used. This was never about transgender rights which are 
only the interim excuse for confusing gender, particularly in the 
young, on the road to fusing gender. Transgender activism is not an 
end; it is a means to an end. We see again the technique of creative 
destruction in which you destroy the status quo to “build back better’ 
in the form that you want. The gender status quo had to be 


destroyed by persuading the Cult-created Woke mentality to believe 
that you can have 100 genders or more. A programme for 9 to 12 
year olds produced by the Cult-owned BBC promoted the 100 
genders narrative. The very idea may be the most monumental 
nonsense, but it is not what is true that counts, only what you can 
make people believe is true. Once the gender of 2 + 2 = 4 has been 
dismantled through indoctrination, intimidation and 2 + 2 =5 then 
the new no-gender normal can take its place with Human 2.0. 
Aldous Huxley revealed the plan in his prophetic Brave New World in 
1932: 


Natural reproduction has been done away with and children are created, decanted’, and 
raised in ‘hatcheries and conditioning centres’. From birth, people are genetically designed to 
fit into one of five castes, which are further split into ‘Plus’ and ‘Minus’ members and designed 
to fulfil predetermined positions within the social and economic strata of the World State. 


How could Huxley know this in 1932? For the same reason George 
Orwell knew about the Big Brother state in 1948, Cult insiders I have 
quoted knew about it in 1969, and I have known about it since the 
early 1990s. If you are connected to the Cult or you work your balls 
off to uncover the plan you can predict the future. The process is 
simple. If there is a plan for the world and nothing intervenes to stop 
it then it will happen. Thus if you communicate the plan ahead of 
time you are perceived to have predicted the future, but you haven't. 
You have revealed the plan which without intervention will become 
the human future. The whole reason I have done what I have is to 
alert enough people to inspire an intervention and maybe at last that 
time has come with the Cult and its intentions now so obvious to 
anyone with a brain in working order. 


The future is here 

Technological wombs that Huxley described to replace parent 
procreation are already being developed and they are only the 
projects we know about in the public arena. Israeli scientists told The 
Times of Israel in March, 2021, that they have grown 250-cell embryos 


into mouse foetuses with fully formed organs using artificial wombs 
in a development they say could pave the way for gestating humans 
outside the womb. Professor Jacob Hanna of the Weizmann Institute 
of Science said: 


We took mouse embryos from the mother at day five of development, when they are just of 
250 cells, and had them in the incubator from day five until day 11, by which point they had 
grown all their organs. 


By day 11 they make their own blood and have a beating heart, a fully developed brain. 
Anybody would look at them and say, ‘this is clearly a mouse foetus with all the 
characteristics of a mouse.’ It’s gone from being a ball of cells to being an advanced foetus. 


A special liquid is used to nourish embryo cells in a laboratory 
dish and they float on the liquid to duplicate the first stage of 
embryonic development. The incubator creates all the right 
conditions for its development, Hanna said. The liquid gives the 
embryo ‘all the nutrients, hormones and sugars they need’ along 
with a custom-made electronic incubator which controls gas 
concentration, pressure and temperature. The cutting-edge in the 
underground bases and other secret locations will be light years 
ahead of that, however, and this was reported by the London 
Guardian in 2017: 


We are approaching a biotechnological breakthrough. Ectogenesis, the invention of a 
complete external womb, could completely change the nature of human reproduction. In 
April this year, researchers at the Children’s Hospital of Philadelphia announced their 
development of an artificial womb. 


The article was headed ‘Artificial wombs could soon be a reality. 
What will this mean for women?’ What would it mean for children is 
an even bigger question. No mother to bond with only a machine in 
preparation for a life of soulless interaction and control in a world 
governed by machines (see the Matrix movies). Now observe the 
calculated manipulations of the ‘Covid’ hoax as human interaction 
and warmth has been curtailed by distancing, isolation and fear with 
people communicating via machines on a scale never seen before. 


These are all dots in the same picture as are all the personal 
assistants, gadgets and children’s toys through which kids and 
adults communicate with AI as if it is human. The AI ‘voice’ on Sat- 
Nav should be included. All these things are psychological 
preparation for the Cult endgame. Before you can make a physical 
connection with AI you have to make a psychological connection 
and that is what people are being conditioned to do with this ever 
gathering human-Al interaction. Movies and TV programmes 
depicting the transhuman, robot dystopia relate to a phenomenon 
known as ‘pre-emptive programming’ in which the world that is 
planned is portrayed everywhere in movies, TV and advertising. 
This is conditioning the conscious and subconscious mind to become 
familiar with the planned reality to dilute resistance when it 
happens for real. What would have been a shock such is the change 
is made less so. We have young children put on the road to 
transgender transition surgery with puberty blocking drugs at an 
age when they could never be able to make those life-changing 
decisions. 

Rachel Levine, a professor of paediatrics and psychiatry who 
believes in treating children this way, became America’s highest- 
ranked openly-transgender official when she was confirmed as US 
Assistant Secretary at the Department of Health and Human 
Services after being nominated by Joe Biden (the Cult). Activists and 
governments press for laws to deny parents a say in their children’s 
transition process so the kids can be isolated and manipulated into 
agreeing to irreversible medical procedures. A Canadian father 
Robert Hoogland was denied bail by the Vancouver Supreme Court 
in 2021 and remained in jail for breaching a court order that he stay 
silent over his young teenage daughter, a minor, who was being 
offered life-changing hormone therapy without parental consent. At 
the age of 12 the girl’s ‘school counsellor’ said she may be 
transgender, referred her to a doctor and told the school to treat her 
like a boy. This is another example of state-serving schools imposing 
ever more control over children’s lives while parents have ever less. 


Contemptible and extreme child abuse is happening all over the 
world as the Cult gender-fusion operation goes into warp-speed. 


Why the war on men — and now women? 

The question about what artificial wombs mean for women should 
rightly be asked. The answer can be seen in the deletion of women’s 
rights involving sport, changing rooms, toilets and status in favour 
of people in male bodies claiming to identify as women. I can 
identify as a mountain climber, but it doesn’t mean I can climb a 
mountain any more than a biological man can be a biological 
woman. To believe so is a triumph of belief over factual reality which 
is the very perceptual basis of everything Woke. Women’s sport is 
being destroyed by allowing those with male bodies who say they 
identify as female to ‘compete’ with girls and women. Male body 
‘women’ dominate ‘women’s’ competition with their greater muscle 
mass, bone density, strength and speed. With that disadvantage 
sport for women loses all meaning. To put this in perspective nearly 
300 American high school boys can run faster than the quickest 
woman sprinter in the world. Women are seeing their previously 
protected spaces invaded by male bodies simply because they claim 
to identify as women. That's all they need to do to access all women’s 
spaces and activities under the Biden ‘Equality Act’ that destroys 
equality for women with the usual Orwellian Woke inversion. Male 
sex offenders have already committed rapes in women’s prisons after 
claiming to identify as women to get them transferred. Does this not 
matter to the Woke ‘equality’ hypocrites? Not in the least. What 
matters to Cult manipulators and funders behind transgender 
activists is to advance gender fusion on the way to the no-gender 
‘human’. When you are seeking to impose transparent nonsense like 
this, or the ‘Covid’ hoax, the only way the nonsense can prevail is 
through censorship and intimidation of dissenters, deletion of 
factual information, and programming of the unquestioning, 
bewildered and naive. You don’t have to scan the world for long to 
see that all these things are happening. 


Many women’s rights organisations have realised that rights and 
status which took such a long time to secure are being eroded and 
that it is systematic. Kara Dansky of the global Women’s Human 
Rights Campaign said that Biden’s transgender executive order 
immediately he took office, subsequent orders, and Equality Act 
legislation that followed “seek to erase women and girls in the law as 
a category’. Exactly. I said during the long ago-started war on men 
(in which many women play a crucial part) that this was going to 
turn into a war on them. The Cult is phasing out both male and 
female genders. To get away with that they are brought into conflict 
so they are busy fighting each other while the Cult completes the job 
with no unity of response. Unity, people, unity. We need unity 
everywhere. Transgender is the only show in town as the big step 
towards the no-gender human. It’s not about rights for transgender 
people and never has been. Woke political correctness is deleting 
words relating to genders to the same end. Wokers believe this is to 
be ‘inclusive’ when the opposite is true. They are deleting words 
describing gender because gender itself is being deleted by Human 
2.0. Terms like ‘man’, ‘woman’, ‘mother’ and ‘father’ are being 
deleted in the universities and other institutions to be replaced by 
the no-gender, not trans-gender, ‘individuals’ and ‘guardians’. 
Women’s rights campaigner Maria Keffler of Partners for Ethical 
Care said: “Children are being taught from kindergarten upward that 
some boys have a vagina, some girls have a penis, and that kids can 
be any gender they want to be.’ Do we really believe that suddenly 
countries all over the world at the same time had the idea of having 
drag queens go into schools or read transgender stories to very 
young children in the local library? It’s coldly-calculated confusion 
of gender on the way to the fusion of gender. Suzanne Vierling, a 
psychologist from Southern California, made another important 
point: 


Yesterday’s slave woman who endured gynecological medical experiments is today’s girl- 
child being butchered in a booming gender-transitioning sector. Ovaries removed, pushing her 
into menopause and osteoporosis, uncharted territory, and parents’ rights and authority 
decimated. 


The erosion of parental rights is a common theme in line with the 
Cult plans to erase the very concept of parents and ‘ovaries removed, 
pushing her into menopause’ means what? Those born female lose 
the ability to have children — another way to discontinue humanity 
as we know it. 


Eliminating Human 1.0 (before our very eyes) 

To pave the way for Human 2.0 you must phase out Human 1.0. This 
is happening through plummeting sperm counts and making 
women infertile through an onslaught of chemicals, radiation 
(including smartphones in pockets of men) and mRNA ‘vaccines’. 
Common agriculture pesticides are also having a devastating impact 
on human fertility. I have been tracking collapsing sperm counts in 
the books for a long time and in 2021 came a book by fertility 
scientist and reproductive epidemiologist Shanna Swan, Count 
Down: How Our Modern World Is Threatening Sperm Counts, Altering 
Male and Female Reproductive Development and Imperiling the Future of 
the Human Race. She reports how the global fertility rate dropped by 
half between 1960 and 2016 with America’s birth rate 16 percent 
below where it needs to be to sustain the population. Women are 
experiencing declining egg quality, more miscarriages, and more 
couples suffer from infertility. Other findings were an increase in 
erectile dysfunction, infant boys developing more genital 
abnormalities, male problems with conception, and plunging levels 
of the male hormone testosterone which would explain why so 
many men have lost their backbone and masculinity. This has been 
very evident during the ‘Covid’ hoax when women have been 
prominent among the Pushbackers and big strapping blokes have 
bowed their heads, covered their faces with a nappy and quietly 
submitted. Mind control expert Cathy O’Brien also points to how 
global education introduced the concept of ‘we’re all winners’ in 
sport and classrooms: ‘Competition was defused, and it in turn 
defused a sense of fighting back.’ This is another version of the 
‘equity’ doctrine in which you drive down rather than raise up. 
What a contrast in Cult-controlled China with its global ambitions 


where the government published plans in January, 2021, to ‘cultivate 
masculinity’ in boys from kindergarten through to high school in the 
face of a ‘masculinity crisis’. A government adviser said boys would 
be soon become ‘delicate, timid and effeminate’ unless action was 
taken. Don’t expect any similar policy in the targeted West. A 2006 
study showed that a 65-year-old man in 2002 had testosterone levels 
15 percent lower than a 65-year-old man in 1987 while a 2020 study 
found a similar story with young adults and adolescents. Men are 
getting prescriptions for testosterone replacement therapy which 
causes an even greater drop in sperm count with up to 99 percent 
seeing sperm counts drop to zero during the treatment. More sperm 
is defective and malfunctioning with some having two heads or not 
pursuing an egg. 

A class of synthetic chemicals known as phthalates are being 
blamed for the decline. These are found everywhere in plastics, 
shampoos, cosmetics, furniture, flame retardants, personal care 
products, pesticides, canned foods and even receipts. Why till 
receipts? Everyone touches them. Let no one delude themselves that 
all this is not systematic to advance the long-time agenda for human 
body transformation. Phthalates mimic hormones and disrupt the 
hormone balance causing testosterone to fall and genital birth 
defects in male infants. Animals and fish have been affected in the 
same way due to phthalates and other toxins in rivers. When fish 
turn gay or change sex through chemicals in rivers and streams it is 
a pointer to why there has been such an increase in gay people and 
the sexually confused. It doesn’t matter to me what sexuality people 
choose to be, but if it’s being affected by chemical pollution and 
consumption then we need to know. Does anyone really think that 
this is not connected to the transgender agenda, the war on men and 
the condemnation of male ‘toxic masculinity’? You watch this being 
followed by ‘toxic femininity’. It’s already happening. When 
breastfeeding becomes ‘chest-feeding’, pregnant women become 
pregnant people along with all the other Woke claptrap you know 
that the world is going insane and there’s a Cult scam in progress. 
Transgender activists are promoting the Cult agenda while Cult 


billionaires support and fund the insanity as they laugh themselves 
to sleep at the sheer stupidity for which humans must be infamous 
in galaxies far, far away. 


‘Covid vaccines’ and female infertility 

We can now see why the ‘vaccine’ has been connected to potential 
infertility in women. Dr Michael Yeadon, former Vice President and 
Chief Scientific Advisor at Pfizer, and Dr Wolfgang Wodarg in 
Germany, filed a petition with the European Medicines Agency in 
December, 2020, urging them to stop trials for the Pfizer/BioNTech 
shot and all other mRNA trials until further studies had been done. 
They were particularly concerned about possible effects on fertility 
with ‘vaccine’-produced antibodies attacking the protein Syncytin-1 
which is responsible for developing the placenta. The result would 
be infertility ‘of indefinite duration’ in women who have the 
‘vaccine’ with the placenta failing to form. Section 10.4.2 of the 
Pfizer/BioNTech trial protocol says that pregnant women or those 
who might become so should not have mRNA shots. Section 10.4 
warns men taking mRNA shots to ‘be abstinent from heterosexual 
intercourse’ and not to donate sperm. The UK government said that 
it did not know if the mRNA procedure had an effect on fertility. Did 
not know? These people have to go to jail. UK government advice did 
not recommend at the start that pregnant women had the shot and 
said they should avoid pregnancy for at least two months after 
‘vaccination’. The ‘advice’ was later updated to pregnant women 
should only have the ‘vaccine’ if the benefits outweighed the risks to 
mother and foetus. What the hell is that supposed to mean? Then 
‘spontaneous abortions’ began to appear and rapidly increase on the 
adverse reaction reporting schemes which include only a fraction of 
adverse reactions. Thousands and ever-growing numbers of 
‘vaccinated’ women are describing changes to their menstrual cycle 
with heavier blood flow, irregular periods and menstruating again 
after going through the menopause — all links to reproduction 
effects. Women are passing blood clots and the lining of their uterus 
while men report erectile dysfunction and blood effects. Most 


significantly of all unvaccinated women began to report similar 
menstrual changes after interaction with ‘vaccinated’ people and men 
and children were also affected with bleeding noses, blood clots and 
other conditions. ‘Shedding’ is when vaccinated people can emit the 
content of a vaccine to affect the unvaccinated, but this is different. 
‘Vaccinated’ people were not shedding a ‘live virus’ allegedly in 
‘vaccines’ as before because the fake ‘Covid vaccines’ involve 
synthetic material and other toxicity. Doctors exposing what is 
happening prefer the term ‘transmission’ to shedding. Somehow 
those that have had the shots are transmitting effects to those that 
haven't. Dr Carrie Madej said the nano-content of the ‘vaccines’ can 
‘act like an antenna’ to others around them which fits perfectly with 
my own conclusions. This ‘vaccine’ transmission phenomenon was 
becoming known as the book went into production and I deal with 
this further in the Postscript. 


Vaccine effects on sterility are well known. The World Health 
Organization was accused in 2014 of sterilising millions of women in 
Kenya with the evidence confirmed by the content of the vaccines 
involved. The same WHO behind the ‘Covid’ hoax admitted its 
involvement for more than ten years with the vaccine programme. 
Other countries made similar claims. Charges were lodged by 
Tanzania, Nicaragua, Mexico, and the Philippines. The Gardasil 
vaccine claimed to protect against a genital ‘virus’ known as HPV 
has also been linked to infertility. Big Pharma and the WHO (same 
thing) are criminal and satanic entities. Then there’s the Bill Gates 
Foundation which is connected through funding and shared 
interests with 20 pharmaceutical giants and laboratories. He stands 
accused of directing the policy of United Nations Children’s Fund 
(UNICEF), vaccine alliance GAVI, and other groupings, to advance 
the vaccine agenda and silence opposition at great cost to women 
and children. At the same time Gates wants to reduce the global 
population. Coincidence? 


Great Reset = Smart Grid = new human 


The Cult agenda I have been exposing for 30 years is now being 
openly promoted by Cult assets like Gates and Klaus Schwab of the 
World Economic Forum under code-terms like the ‘Great Reset’, 
‘Build Back Better’ and ‘a rare but narrow window of opportunity to 
reflect, reimagine, and reset our world’. What provided this ‘rare but 
narrow window of opportunity’? The ‘Covid’ hoax did. Who created 
that? They did. My books from not that long ago warned about the 
planned ‘Internet of Things’ (loT) and its implications for human 
freedom. This was the plan to connect all technology to the Internet 
and artificial intelligence and today we are way down that road with 
an estimated 36 billion devices connected to the World Wide Web 
and that figure is projected to be 76 billion by 2025. I further warned 
that the Cult planned to go beyond that to the Internet of Everything 
when the human brain was connected via AI to the Internet and 
Kurzweil’s ‘cloud’. Now we have Cult operatives like Schwab calling 
for precisely that under the term ‘Internet of Bodies’, a fusion of the 
physical, digital and biological into one centrally-controlled Smart 
Grid system which the Cult refers to as the ‘Fourth Industrial 
Revolution’. They talk about the ‘biological’, but they really mean 
the synthetic-biological which is required to fully integrate the 
human body and brain into the Smart Grid and artificial intelligence 
planned to replace the human mind. We have everything being 
synthetically manipulated including the natural world through 
GMO and smart dust, the food we eat and the human body itself 
with synthetic ‘vaccines’. I said in The Answer that we would see the 
Cult push for synthetic meat to replace animals and in February, 
2021, the so predictable psychopath Bill Gates called for the 
introduction of synthetic meat to save us all from ‘climate change’. 
The climate hoax just keeps on giving like the ‘Covid’ hoax. The war 
on meat by vegan activists is a carbon (oops, sorry) copy of the 
manipulation of transgender activists. They have no idea (except 
their inner core) that they are being used to promote and impose the 
agenda of the Cult or that they are only the vehicle and not the reason. 
This is not to say those who choose not to eat meat shouldn’t be 
respected and supported in that right, but there are ulterior motives 


for those in power. A Forbes article in December, 2019, highlighted 
the plan so beloved of Schwab and the Cult under the heading: 
‘What Is The Internet of Bodies? And How Is It Changing Our 
World?’ The article said the human body is the latest data platform 
(remember ‘our vaccine is an operating system’). Forbes described 
the plan very accurately and the words could have come straight out 
of my books from long before: 


The Internet of Bodies (loB) is an extension of the loT and basically connects the human body 
to a network through devices that are ingested, implanted, or connected to the body in some 
way. Once connected, data can be exchanged, and the body and device can be remotely 
monitored and controlled. 


They were really describing a human hive mind with human 
perception centrally-dictated via an AI connection as well as 
allowing people to be ‘remotely monitored and controlled’. 
Everything from a fridge to a human mind could be directed from a 
central point by these insane psychopaths and ‘Covid vaccines’ are 
crucial to this. Forbes explained the process I mentioned earlier of 
holdable and wearable technology followed by implantable. The 
article said there were three generations of the Internet of Bodies that 
include: 


¢ Body external: These are wearable devices such as Apple Watches 
or Fitbits that can monitor our health. 


¢ Body internal: These include pacemakers, cochlear implants, and 
digital pills that go inside our bodies to monitor or control various 
aspects of health. 


¢ Body embedded: The third generation of the Internet of Bodies is 
embedded technology where technology and the human body are 
melded together and have a real-time connection to a remote 
machine. 


Forbes noted the development of the Brain Computer Interface (BCI) 
which merges the brain with an external device for monitoring and 
controlling in real-time. ‘The ultimate goal is to help restore function 
to individuals with disabilities by using brain signals rather than 
conventional neuromuscular pathways.’ Oh, do fuck off. The goal of 
brain interface technology is controlling human thought and 
emotion from the central point in a hive mind serving its masters 
wishes. Many people are now agreeing to be chipped to open doors 
without a key. You can recognise them because they’ll be wearing a 
mask, social distancing and lining up for the ‘vaccine’. The Cult 
plans a Great Reset money system after they have completed the 
demolition of the global economy in which ‘money’ will be 
exchanged through communication with body operating systems. 
Rand Corporation, a Cult-owned think tank, said of the Internet of 
Bodies or IoB: 


Internet of Bodies technologies fall under the broader loT umbrella. But as the name suggests, 
loB devices introduce an even more intimate interplay between humans and gadgets. loB 
devices monitor the human body, collect health metrics and other personal information, and 
transmit those data over the Internet. Many devices, such as fitness trackers, are already in use 
... loB devices ... and those in development can track, record, and store users’ whereabouts, 
bodily functions, and what they see, hear, and even think. 


Schwab’s World Economic Forum, a long-winded way of saying 
‘fascism’ or ‘the Cult’, has gone full-on with the Internet of Bodies in 
the ‘Covid’ era. ‘We’re entering the era of the Internet of Bodies’, it 
declared, ‘collecting our physical data via a range of devices that can 
be implanted, swallowed or worn’. The result would be a huge 
amount of health-related data that could improve human wellbeing 
around the world, and prove crucial in fighting the “‘Covid-19 
pandemic’. Does anyone think these clowns care about ‘human 
wellbeing’ after the death and devastation their pandemic hoax has 
purposely caused? Schwab and co say we should move forward with 
the Internet of Bodies because ‘Keeping track of symptoms could 
help us stop the spread of infection, and quickly detect new cases’. 
How wonderful, but keeping track’ is all they are really bothered 


about. Researchers were investigating if data gathered from 
smartwatches and similar devices could be used as viral infection 
alerts by tracking the user’s heart rate and breathing. Schwab said in 
his 2018 book Shaping the Future of the Fourth Industrial Revolution: 


The lines between technologies and beings are becoming blurred and not just by the ability to 
create lifelike robots or synthetics. Instead it is about the ability of new technologies to literally 
become part of us. Technologies already influence how we understand ourselves, how we 
think about each other, and how we determine our realities. As the technologies ... give us 
deeper access to parts of ourselves, we may begin to integrate digital technologies into our 
bodies. 


You can see what the game is. Twenty-four hour control and people 
— if you could still call them that — would never know when 
something would go ping and take them out of circulation. It’s the 
most obvious rush to a global fascist dictatorship and the complete 
submission of humanity and yet still so many are locked away in 
their Cult-induced perceptual coma and can’t see it. 


Smart Grid control centres 

The human body is being transformed by the ‘vaccines’ and in other 
ways into a synthetic cyborg that can be attached to the global Smart 
Grid which would be controlled from a central point and other sub- 
locations of Grid manipulation. Where are these planned to be? Well, 
China for a start which is one of the Cult’s biggest centres of 
operation. The technological control system and technocratic rule 
was incubated here to be unleashed across the world after the 
‘Covid’ hoax came out of China in 2020. Another Smart Grid location 
that will surprise people new to this is Israel. I have exposed in The 
Trigger how Sabbatian technocrats, intelligence and military 
operatives were behind the horrors of 9/11 and not 19 Arab hijackers’ 
who somehow manifested the ability to pilot big passenger airliners 
when instructors at puddle-jumping flying schools described some 
of them as a joke. The 9/11 attacks were made possible through 
control of civilian and military air computer systems and those of the 
White House, Pentagon and connected agencies. See The Trigger — it 


will blow your mind. The controlling and coordinating force were 
the Sabbatian networks in Israel and the United States which by then 
had infiltrated the entire US government, military and intelligence 
system. The real name of the American Deep State is ‘Sabbatian 
State’. Israel is a tiny country of only nine million people, but it is 
one of the global centres of cyber operations and fast catching Silicon 
Valley in importance to the Cult. Israel is known as the ‘start-up 
nation’ for all the cyber companies spawned there with the 
Sabbatian specialisation of ‘cyber security’ that I mentioned earlier 
which gives those companies access to computer systems of their 
clients in real time through ‘backdoors’ written into the coding when 
security software is downloaded. The Sabbatian centre of cyber 
operations outside Silicon Valley is the Israeli military Cyber 
Intelligence Unit, the biggest infrastructure project in Israel’s history, 
headquartered in the desert-city of Beersheba and involving some 
20,000 ‘cyber soldiers’. Here are located a literal army of Internet 
trolls scanning social media, forums and comment lists for anyone 
challenging the Cult agenda. The UK military has something similar 
with its 77th Brigade and associated operations. The Beersheba 
complex includes research and development centres for other Cult 
operations such as Intel, Microsoft, IBM, Google, Apple, Hewlett- 
Packard, Cisco Systems, Facebook and Motorola. Techcrunch.com 
ran an article about the Beersheba global Internet technology centre 
headlined ‘Israel’s desert city of Beersheba is turning into a cybertech 
oasis’: 


The military’s massive relocation of its prestigious technology units, the presence of 
multinational and local companies, a close proximity to Ben Gurion University and generous 
government subsidies are turning Beersheba into a major global cybertech hub. Beersheba has 
all of the ingredients of a vibrant security technology ecosystem, including Ben Gurion 
University with its graduate program in cybersecurity and Cyber Security Research Center, and 
the presence of companies such as EMC, Deutsche Telekom, PayPal, Oracle, IBM, and 
Lockheed Martin. It’s also the future home of the INCB (Israeli National Cyber Bureau); offers 
a special income tax incentive for cyber security companies, and was the site for the 
relocation of the army’s intelligence corps units. 


Sabbatians have taken over the cyber world through the following 
process: They scan the schools for likely cyber talent and develop 
them at Ben Gurion University and their period of conscription in 
the Israeli Defense Forces when they are stationed at the Beersheba 
complex. When the cyber talented officially leave the army they are 
funded to start cyber companies with technology developed by 
themselves or given to them by the state. Much of this is stolen 
through backdoors of computer systems around the world with 
America top of the list. Others are sent off to Silicon Valley to start 
companies or join the major ones and so we have many major 
positions filled by apparently ‘Jewish’ but really Sabbatian 
operatives. Google, YouTube and Facebook are all run by ‘Jewish’ 
CEOs while Twitter is all but run by ultra-Zionist hedge-fund shark 
Paul Singer. At the centre of the Sabbatian global cyber web is the 
Israeli army’s Unit 8200 which specialises in hacking into computer 
systems of other countries, inserting viruses, gathering information, 
instigating malfunction, and even taking control of them from a 
distance. A long list of Sabbatians involved with 9/11, Silicon Valley 
and Israeli cyber security companies are operatives of Unit 8200. 
This is not about Israel. It’s about the Cult. Israel is planned to be a 
Smart Grid hub as with China and what is happening at Beersheba is 
not for the benefit of Jewish people who are treated disgustingly by 
the Sabbatian elite that control the country. A glance at the 
Nuremberg Codes will tell you that. 

The story is much bigger than ‘Covid’, important as that is to 
where we are being taken. Now, though, it’s time to really strap in. 
There’s more ... much more ... 


CHAPTER ELEVEN 


Awake, arise or be forever fall’n 
John Milton, Paradise Lost 


[rave exposed this far the level of the Cult conspiracy that operates 

in the world of the seen and within the global secret society and 
satanic network which operates in the shadows one step back from 
the seen. The story, however, goes much deeper than that. 

The ‘Covid’ hoax is major part of the Cult agenda, but only part, 
and to grasp the biggest picture we have to expand our attention 
beyond the realm of human sight and into the infinity of possibility 
that we cannot see. It is from here, ultimately, that humanity is being 
manipulated into a state of total control by the force which dictates 
the actions of the Cult. How much of reality can we see? Next to 
damn all is the answer. We may appear to see all there is to see in the 
‘space’ our eyes survey and observe, but little could be further from 
the truth. The human ‘world’ is only a tiny band of frequency that 
the body’s visual and perceptual systems can decode into perception 
of a ‘world’. According to mainstream science the electromagnetic 
spectrum is 0.005 percent of what exists in the Universe (Fig 10). The 
maximum estimate I have seen is 0.5 percent and either way it’s 
miniscule. I say it is far, far, smaller even than 0.005 percent when 
you compare reality we see with the totality of reality that we don't. 
Now get this if you are new to such information: Visible light, the 
only band of frequency that we can see, is a fraction of the 0.005 


percent (Fig 11 overleaf). Take this further and realise that our 
universe is one of infinite universes and that universes are only a 
fragment of overall reality — infinite reality. Then compare that with 
the almost infinitesimal frequency band of visible light or human 
sight. You see that humans are as near blind as it is possible to be 
without actually being so. Artist and filmmaker, Sergio Toporek, 
said: 
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Figure 10: Humans can perceive such a tiny band of visual reality it’s laughable. 
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Figure 11: We can see a smear of the 0.005 percent electromagnetic spectrum, but we still 
know it all. Yep, makes sense. 


Consider that you can see less than 1% of the electromagnetic spectrum and hear less than 
1% of the acoustic spectrum. 90% of the cells in your body carry their own microbial DNA 
and are not ‘you’. The atoms in your body are 99.9999999999999999% empty space and 
none of them are the ones you were born with ... Human beings have 46 chromosomes, two 
less than a potato. 


The existence of the rainbow depends on the conical photoreceptors in your eyes; to animals 
without cones, the rainbow does not exist. So you don’t just look at a rainbow, you create it. 
This is pretty amazing, especially considering that all the beautiful colours you see represent 
less than 1% of the electromagnetic spectrum. 


Suddenly the ‘world’ of humans looks a very different place. Take 
into account, too, that Planet Earth when compared with the 
projected size of this single universe is the equivalent of a billionth of 
a pinhead. Imagine the ratio that would be when compared to 
infinite reality. To think that Christianity once insisted that Earth and 
humanity were the centre of everything. This background is vital if 
we are going to appreciate the nature of ‘human’ and how we can be 
manipulated by an unseen force. To human visual reality virtually 
everything is unseen and yet the prevailing perception within the 
institutions and so much of the public is that if we can’t see it, touch 
it, hear it, taste it and smell it then it cannot exist. Such perception is 
indoctrinated and encouraged by the Cult and its agents because it 
isolates believers in the strictly limited, village-idiot, realm of the five 
senses where perceptions can be firewalled and information 
controlled. Most of those perpetuating the ‘this-world-is-all-there-is’ 
insanity are themselves indoctrinated into believing the same 
delusion. While major players and influencers know that official 
reality is laughable most of those in science, academia and medicine 
really believe the nonsense they peddle and teach succeeding 
generations. Those who challenge the orthodoxy are dismissed as 
nutters and freaks to protect the manufactured illusion from 
exposure. Observe the dynamic of the ‘Covid’ hoax and you will see 
how that takes the same form. The inner-circle psychopaths knows 
it’s a gigantic scam, but almost the entirety of those imposing their 
fascist rules believe that ‘Covid’ is all that they’re told it is. 


Stolen identity 

Ask people who they are and they will give you their name, place of 
birth, location, job, family background and life story. Yet that is not 
who they are — it is what they are experiencing. The difference is 
absolutely crucial. The true ‘I’, the eternal, infinite ‘Tl’, is consciousness, 


a state of being aware. Forget ‘form’. That is a vehicle for a brief 
experience. Consciousness does not come from the brain, but through 
the brain and even that is more symbolic than literal. We are 
awareness, pure awareness, and this is what withdraws from the 
body at what we call ‘death’ to continue our eternal beingness, 
isness, in other realms of reality within the limitlessness of infinity or 
the Biblical ‘many mansions in my father’s house’. Labels of a 
human life, man, woman, transgender, black, white, brown, 
nationality, circumstances and income are not who we are. They are 
what we are — awareness — is experiencing in a brief connection with a 
band of frequency we call ‘human’. The labels are not the self; they 
are, to use the title of one of my books, a Phantom Self. Iam not 
David Icke born in Leicester, England, on April 29th, 1952. Iam the 
consciousness having that experience. The Cult and its non-human 
masters seek to convince us through the institutions of ‘education’, 
science, medicine, media and government that what we are 
experiencing is who we are. It’s so easy to control and direct 
perception locked away in the bewildered illusions of the five senses 
with no expanded radar. Try, by contrast, doing the same with a 
humanity aware of its true self and its true power to consciously 
create its reality and experience. How is it possible to do this? We do 
it all day every day. If you perceive yourself as ‘little me’ with no 
power to impact upon your life and the world then your life 
experience will reflect that. You will hand the power you don’t think 
you have to authority in all its forms which will use it to control your 
experience. This, in turn, will appear to confirm your perception of 
‘little me’ in a self-fulfilling feedback loop. But that is what ‘little me’ 
really is — a perception. We are all ‘big-me’, infinite me, and the Cult 
has to make us forget that if its will is to prevail. We are therefore 
manipulated and pressured into self-identifying with human labels 
and not the consciousness/awareness experiencing those human 
labels. 

The phenomenon of identity politics is a Cult-instigated 
manipulation technique to sub-divide previous labels into even 
smaller ones. A United States university employs this list of letters to 


describe student identity: LGBTTQQFAGPBDSM or lesbian, gay, 
bisexual, transgender, transsexual, queer, questioning, flexual, 
asexual, gender-fuck, polyamorous, bondage/discipline, 
dominance/submission and sadism/masochism. I’m sure other lists 
are even longer by now as people feel the need to self-identity the ‘T’ 
with the minutiae of race and sexual preference. Wokers 
programmed by the Cult for generations believe this is about 
‘inclusivity’ when it’s really the Cult locking them away into smaller 
and smaller versions of Phantom Self while firewalling them from 
the influence of their true self, the infinite, eternal ‘I’. You may notice 
that my philosophy which contends that we are all unique points of 
attention/awareness within the same infinite whole or Oneness is the 
ultimate non-racism. The very sense of Oneness makes the 
judgement of people by their body-type, colour or sexuality utterly 
ridiculous and confirms that racism has no understanding of reality 
(including anti-white racism). Yet despite my perception of life Cult 
agents and fast-asleep Wokers label me racist to discredit my 
information while they are themselves phenomenally racist and 
sexist. All they see is race and sexuality and they judge people as 
good or bad, demons or untouchables, by their race and sexuality. 
All they see is Phantom Self and perceive themselves in terms of 
Phantom Self. They are pawns and puppets of the Cult agenda to 
focus attention and self-identity in the five senses and play those 
identities against each other to divide and rule. Columbia University 
has introduced segregated graduations in another version of social 
distancing designed to drive people apart and teach them that 
different racial and cultural groups have nothing in common with 
each other. The last thing the Cult wants is unity. Again the pump- 
primers of this will be Cult operatives in the knowledge of what they 
are doing, but the rest are just the Phantom Self blind leading the 
Phantom Self blind. We do have something in common - we are all 
the same consciousness having different temporary experiences. 


Yes, what is ‘human’? That is what we are supposed to be, right? I 
mean ‘human’? True, but ‘human’ is the experience not the ‘I’. Break 
it down to basics and ‘human’ is the way that information is 
processed. If we are to experience and interact with this band of 
frequency we call the ‘world’ we must have a vehicle that operates 
within that band of frequency. Our consciousness in its prime form 
cannot do that; it is way beyond the frequency of the human realm. 
My consciousness or awareness could not tap these keys and pick up 
the cup in front of me in the same way that radio station A cannot 
interact with radio station B when they are on different frequencies. 
The human body is the means through which we have that 
interaction. I have long described the body as a biological computer 
which processes information in a way that allows consciousness to 
experience this reality. The body is a receiver, transmitter and 
processor of information in a particular way that we call human. We 
visually perceive only the world of the five senses in a wakened state 
— that is the limit of the body’s visual decoding system. In truth it’s 
not even visual in the way we experience ‘visual reality’ as I will 
come to in a moment. We are ‘human’ because the body processes 
the information sources of human into a reality and behaviour 
system that we perceive as human. Why does an elephant act like an 
elephant and not like a human or a duck? The elephant'’s biological 
computer is a different information field and processes information 
according to that program into a visual and behaviour type we call 
an elephant. The same applies to everything in our reality. These 
body information fields are perpetuated through procreation (like 
making a copy of a software program). The Cult wants to break that 
cycle and intervene technologically to transform the human 
information field into one that will change what we call humanity. If 
it can change the human information field it will change the way 
that field processes information and change humanity both 
‘physically’ and psychologically. Hence the messenger (information) 
RNA ‘vaccines’ and so much more that is targeting human genetics 
by changing the body’s information — messaging — construct through 
food, drink, radiation, toxicity and other means. 


Reality that we experience is nothing like reality as it really is in 
the same way that the reality people experience in virtual reality 
games is not the reality they are really living in. The game is only a 
decoded source of information that appears to be a reality. Our 
world is also an information construct — a simulation (more later). In 
its base form our reality is a wavefield of information much the same 
in theme as Wi-Fi. The five senses decode wavefield information into 
electrical information which they communicate to the brain to 
decode into holographic (illusory ‘physical’) information. Different 
parts of the brain specialise in decoding different senses and the 
information is fused into a reality that appears to be outside of us 
but is really inside the brain and the genetic structure in general (Fig 
12 overleaf). DNA is a receiver-transmitter of information and a vital 
part of this decoding process and the body’s connection to other 
realities. Change DNA and you change the way we decode and 
connect with reality — see ‘Covid vaccines’. Think of computers 
decoding Wi-Fi. You have information encoded in a radiation field 
and the computer decodes that information into a very different 
form on the screen. You can’t see the Wi-Fi until its information is 
made manifest on the screen and the information on the screen is 
inside the computer and not outside. I have just described how we 
decode the ‘human world’. All five senses decode the waveform ‘Wi- 
Fi’ field into electrical signals and the brain (computer) constructs 
reality inside the brain and not outside — “You don’t just look at a 
rainbow, you create it’. Sound is a simple example. We don’t hear 
sound until the brain decodes it. Waveform sound waves are picked 
up by the hearing sense and communicated to the brain in an 
electrical form to be decoded into the sounds that we hear. 
Everything we hear is inside the brain along with everything we see, 
feel, smell and taste. Words and language are waveform fields 
generated by our vocal chords which pass through this process until 
they are decoded by the brain into words that we hear. Different 
languages are different frequency fields or sound waves generated 
by vocal chords. Late British philosopher Alan Watts said: 


Figure 12: The brain receives information from the five senses and constructs from that our 
perceived reality. 


[Without the brain] the world is devoid of light, heat, weight, solidity, motion, space, time or 
any other imaginable feature. All these phenomena are interactions, or transactions, of 
vibrations with a certain arrangement of neurons. 


That’s exactly what they are and scientist Robert Lanza describes in 
his book, Biocentrism, how we decode electromagnetic waves and 
energy into visual and ‘physical’ experience. He uses the example of 
a flame emitting photons, electromagnetic energy, each pulsing 
electrically and magnetically: 


... these ... invisible electromagnetic waves strike a human retina, and if (and only if) the 
waves happen to measure between 400 and 700 nano meters in length from crest to crest, 
then their energy is just right to deliver a stimulus to the 8 million cone-shaped cells in the 
retina. 


Each in turn send an electrical pulse to a neighbour neuron, and on up the line this goes, at 
250 mph, until it reaches the ... occipital lobe of the brain, in the back of the head. There, a 
cascading complex of neurons fire from the incoming stimuli, and we subjectively perceive 
this experience as a yellow brightness occurring in a place we have been conditioned to call 
the ‘external world’. 


You hear what you decode 


If a tree falls or a building collapses they make no noise unless 
someone is there to decode the energetic waves generated by the 
disturbance into what we call sound. Does a falling tree make a 
noise? Only if you hear it — decode it. Everything in our reality is a 
frequency field of information operating within the overall ‘Wi-Fi’ 
field that I call The Field. A vibrational disturbance is generated in 
The Field by the fields of the falling tree or building. These 
disturbance waves are what we decode into the sound of them 
falling. If no one is there to do that then neither will make any noise. 
Reality is created by the observer — decoder — and the perceptions of 
the observer affect the decoding process. For this reason different 
people — different perceptions — will perceive the same reality or 
situation in a different way. What one may perceive as a nightmare 
another will see as an opportunity. The question of why the Cult is 
so focused on controlling human perception now answers itself. All 
experienced reality is the act of decoding and we don’t experience 
Wi-Fi until it is decoded on the computer screen. The sight and 
sound of an Internet video is encoded in the Wi-Fi all around us, but 
we don’t see or hear it until the computer decodes that information. 
Taste, smell and touch are all phenomena of the brain as a result of 
the same process. We don’t taste, smell or feel anything except in the 
brain and there are pain relief techniques that seek to block the 
signal from the site of discomfort to the brain because if the brain 
doesn’t decode that signal we don’t feel pain. Pain is in the brain and 
only appears to be at the point of impact thanks to the feedback loop 
between them. We don’t see anything until electrical information 
from the sight senses is decoded in an area at the back of the brain. If 
that area is damaged we can go blind when our eyes are perfectly 
okay. So why do we go blind if we damage an eye? We damage the 
information processing between the waveform visual information 
and the visual decoding area of the brain. If information doesn’t 
reach the brain in a form it can decode then we can’t see the visual 
reality that it represents. What’s more the brain is decoding only a 
fraction of the information it receives and the rest is absorbed by the 


sub-conscious mind. This explanation is from the science magazine, 
Wonderpedia: 


Every second, 11 million sensations crackle along these [brain] pathways ... The brain is 
confronted with an alarming array of images, sounds and smells which it rigorously filters 
down until it is left with a manageable list of around 40. Thus 40 sensations per second make 
up what we perceive as reality. 


The ‘world’ is not what people are told to believe that is it and the 
inner circles of the Cult know that. 


illusory ‘physical reality 

We can only see a smear of 0.005 percent of the Universe which is 
only one of a vast array of universes — ‘mansions’ — within infinite 
reality. Even then the brain decodes only 40 pieces of information 
(‘sensations’) from a potential 11 million that we receive every 
second. Two points strike you from this immediately: The sheer 
breathtaking stupidity of believing we know anything so rigidly that 
there’s nothing more to know; and the potential for these processes 
to be manipulated by a malevolent force to control the reality of the 
population. One thing I can say for sure with no risk of contradiction 
is that when you can perceive an almost indescribable fraction of 
infinite reality there is always more to know as in tidal waves of it. 
Ancient Greek philosopher Socrates was so right when he said that 
wisdom is to know how little we know. How obviously true that is 
when you think that we are experiencing a physical world of solidity 
that is neither physical nor solid and a world of apartness when 
everything is connected. Cult-controlled ‘science’ dismisses the so- 
called ‘paranormal’ and all phenomena related to that when the 
‘para’-normal is perfectly normal and explains the alleged ‘great 
mysteries’ which dumbfound scientific minds. There is a reason for 
this. A ‘scientific mind’ in terms of the mainstream is a material 
mind, a five-sense mind imprisoned in see it, touch it, hear it, smell it 
and taste it. Phenomena and happenings that can’t be explained that 
way leave the ‘scientific mind’ bewildered and the rule is that if they 


can’t account for why something is happening then it can’t, by 
definition, be happening. I beg to differ. Telepathy is thought waves 
passing through The Field (think wave disturbance again) to be 
decoded by someone able to connect with that wavelength 
(information). For example: You can pick up the thought waves of a 
friend at any distance and at the very least that will bring them to 
mind. A few minutes later the friend calls you. ‘My god’, you say, 
‘that’s incredible — I was just thinking of you.’ Ah, but they were 
thinking of you before they made the call and that’s what you 
decoded. Native peoples not entrapped in five-sense reality do this 
so well it became known as the ‘bush telegraph’. Those known as 
psychics and mediums (genuine ones) are doing the same only 
across dimensions of reality. ‘Mind over matter’ comes from the fact 
that matter and mind are the same. The state of one influences the 
state of the other. Indeed one and the other are illusions. They are 
aspects of the same field. Paranormal phenomena are all explainable 
so why are they still considered ‘mysteries’ or not happening? Once 
you go down this road of understanding you begin to expand 
awareness beyond the five senses and that’s the nightmare for the 
Cult. 


Figure 13: Holograms are not solid, but the best ones appear to be. 


Mirror Beam sSptitter 


Figure 14: How holograms are created by capturing a waveform version of the subject image. 


Holographic ‘solidity 

Our reality is not solid, it is holographic. We are now well aware of 
holograms which are widely used today. Two-dimensional 
information is decoded into a three-dimensional reality that is not 
solid although can very much appear to be (Fig 13). Holograms are 
created with a laser divided into two parts. One goes directly onto a 
holographic photographic print (‘reference beam’) and the other 
takes a waveform image of the subject (‘working beam’) before being 
directed onto the print where it ‘collides’ with the other half of the 
laser (Fig 14). This creates a waveform interference pattern which 
contains the wavefield information of whatever is being 
photographed (Fig 15 overleaf). The process can be likened to 
dropping pebbles in a pond. Waves generated by each one spread 
out across the water to collide with the others and create a wave 
representation of where the stones fell and at what speed, weight 
and distance. A waveform interference pattern of a hologram is akin 
to the waveform information in The Field which the five senses 
decode into electrical signals to be decoded by the brain into a 
holographic illusory ‘physical’ reality. In the same way when a laser 
(think human attention) is directed at the waveform interference 
pattern a three-dimensional version of the subject is projected into 
apparently ‘solid’ reality (Fig 16). An amazing trait of holograms 
reveals more ‘paranormal mysteries’. Information of the whole 


hologram is encoded in waveform in every part of the interference 
pattern by the way they are created. This means that every part of a 
hologram is a smaller version of the whole. Cut the interference 
wave-pattern into four and you won't get four parts of the image. 
You get quarter-sized versions of the whole image. The body is a 
hologram and the same applies. Here we have the basis of 
acupuncture, reflexology and other forms of healing which identify 
representations of the whole body in all of the parts, hands, feet, 
ears, everywhere. Skilled palm readers can do what they do because 
the information of whole body is encoded in the hand. The concept 
of as above, so below, comes from this. 


Figure 15: A waveform interference pattern that holds the information that transforms into a 
hologram. 


Figure 16: Holographic people including ‘Elvis’ holographically inserted to sing a duet with 
Celine Dion. 


The question will be asked of why, if solidity is illusory, we can’t 
just walk through walls and each other. The resistance is not solid 
against solid; it is electromagnetic field against electromagnetic field 
and we decode this into the experience of solid against solid. We 
should also not underestimate the power of belief to dictate reality. 
What you believe is impossible will be. Your belief impacts on your 
decoding processes and they won’t decode what you think is 
impossible. What we believe we perceive and what we perceive we 
experience. ‘Can't dos’ and ‘impossibles’ are like a firewall in a 
computer system that won't put on the screen what the firewall 
blocks. How vital that is to understanding how human experience 
has been hijacked. I explain in The Answer, Everything You Need To 
Know But Have Never Been Told and other books a long list of 
‘mysteries’ and ‘paranormal’ phenomena that are not mysterious 
and perfectly normal once you realise what reality is and how it 
works. ‘Ghosts’ can be seen to pass through ‘solid’ walls because the 
walls are not solid and the ghost is a discarnate entity operating on a 
frequency so different to that of the wall that it’s like two radio 
stations sharing the same space while never interfering with each 
other. I have seen ghosts do this myself. The apartness of people and 
objects is also an illusion. Everything is connected by the Field like 
all sea life is connected by the sea. It’s just that within the limits of 
our visual reality we only ‘see’ holographic information and not the 
field of information that connects everything and from which the 
holographic world is made manifest. If you can only see holographic 
‘objects’ and not the field that connects them they will appear to you 
as unconnected to each other in the same way that we see the 
computer while not seeing the Wi-Fi. 


What you don't know ¢an hurt you 

Okay, we return to those ‘two worlds’ of human society and the Cult 
with its global network of interconnecting secret societies and 
satanic groups which manipulate through governments, 
corporations, media, religions, etc. The fundamental difference 
between them is knowledge. The idea has been to keep humanity 


ignorant of the plan for its total enslavement underpinned by a 
crucial ignorance of reality - who we are and where we are — and 
how we interact with it. ‘Human’ should be the interaction between 
our expanded eternal consciousness and the five-sense body 
experience. We are meant to be in this world in terms of the five 
senses but not of this world in relation to our greater consciousness 
and perspective. In that state we experience the small picture of the 
five senses within the wider context of the big picture of awareness 
beyond the five senses. Put another way the five senses see the dots 
and expanded awareness connects them into pictures and patterns 
that give context to the apparently random and unconnected. 
Without the context of expanded awareness the five senses see only 
apartness and randomness with apparently no meaning. The Cult 
and its other-dimensional controllers seek to intervene in the 
frequency realm where five-sense reality is supposed to connect with 
expanded reality and to keep the two apart (more on this in the final 
chapter). When that happens five-sense mental and emotional 
processes are no longer influenced by expanded awareness, or the 
True ‘I’, and instead are driven by the isolated perceptions of the 
body’s decoding systems. They are in the world and of it. Here we 
have the human plight and why humanity with its potential for 
infinite awareness can be so easily manipulatable and descend into 
such extremes of stupidity. 


Once the Cult isolates five-sense mind from expanded awareness 
it can then program the mind with perceptions and beliefs by 
controlling information that the mind receives through the 
‘education’ system of the formative years and the media perceptual 
bombardment and censorship of an entire lifetime. Limit perception 
and a sense of the possible through limiting knowledge by limiting 
and skewing information while censoring and discrediting that 
which could set people free. As the title of another of my books says 
... And The Truth Shall Set You Free. For this reason the last thing the 
Cult wants in circulation is the truth about anything — especially the 
reality of the eternal ‘I’ — and that’s why it is desperate to control 
information. The Cult knows that information becomes perception 


which becomes behaviour which, collectively, becomes human 
society. Cult-controlled and funded mainstream ‘science’ denies the 
existence of an eternal ‘I’ and seeks to dismiss and trash all evidence 
to the contrary. Cult-controlled mainstream religion has a version of 
‘God’ that is little more than a system of control and dictatorship 
that employs threats of damnation in an afterlife to control 
perceptions and behaviour in the here and now through fear and 
guilt. Neither is true and it’s the ‘neither’ that the Cult wishes to 
suppress. This ‘neither’ is that everything is an expression, a point of 
attention, within an infinite state of consciousness which is the real 
meaning of the term ‘God’. 


Perceptual obsession with the “physical body’ and five-senses 
means that ‘God’ becomes personified as a bearded bloke sitting 
among the clouds or a raging bully who loves us if we do what ‘he’ 
wants and condemns us to the fires of hell if we don’t. These are no 
more than a ‘spiritual’ fairy tales to control and dictate events and 
behaviour through fear of this ‘God’ which has bizarrely made ‘God- 
fearing’ in religious circles a state to be desired. I would suggest that 
fearing anything is not to be encouraged and celebrated, but rather 
deleted. You can see why ‘God fearing’ is so beneficial to the Cult 
and its religions when they decide what ‘God’ wants and what ‘God’ 
demands (the Cult demands) that everyone do. As the great 
American comedian Bill Hicks said satirising a Christian zealot: ‘T 
think what God meant to say.’ How much of this infinite awareness 
(‘God’) that we access is decided by how far we choose to expand 
our perceptions, self-identity and sense of the possible. The scale of 
self-identity reflects itself in the scale of awareness that we can 
connect with and are influenced by — how much knowing and 
insight we have instead of programmed perception. You cannot 
expand your awareness into the infinity of possibility when you 
believe that you are little me Peter the postman or Mary in marketing 
and nothing more. I'll deal with this in the concluding chapter 
because it’s crucial to how we turnaround current events. 


When I realised in the early 1990s there was a Cult network behind 
global events I asked the obvious question: When did it start? I took 
it back to ancient Rome and Egypt and on to Babylon and Sumer in 
Mesopotamia, the ‘Land Between Two Rivers’, in what we now call 
Iraq. The two rivers are the Tigris and Euphrates and this region is of 
immense historical and other importance to the Cult, as is the land 
called Israel only 550 miles away by air. There is much more going 
with deep esoteric meaning across this whole region. It’s not only 
about ‘wars for oil’. Priceless artefacts from Mesopotamia were 
stolen or destroyed after the American and British invasion of Iraq in 
2003 justified by the lies of Boy Bush and Tony Blair (their Cult 
masters) about non-existent “weapons of mass destruction’. 
Mesopotamia was the location of Sumer (about 5,400BC to 1,750BC), 
and Babylon (about 2,350BC to 539BC). Sabbatians may have become 
immensely influential in the Cult in modern times but they are part 
of a network that goes back into the mists of history. Sumer is said by 
historians to be the ‘cradle of civilisation’. I disagree. I say it was the 
re-start of what we call human civilisation after cataclysmic events 
symbolised in part as the ‘Great Flood’ destroyed the world that 
existed before. These fantastic upheavals that I have been describing 
in detail in the books since the early1990s appear in accounts and 
legends of ancient cultures across the world and they are supported 
by geological and biological evidence. Stone tablets found in Iraq 
detailing the Sumer period say the cataclysms were caused by non- 
human ‘gods’ they call the Anunnaki. These are described in terms 
of extraterrestrial visitations in which knowledge supplied by the 
Anunnaki is said to have been the source of at least one of the 
world’s oldest writing systems and developments in astronomy, 
mathematics and architecture that were way ahead of their time. I 
have covered this subject at length in The Biggest Secret and Children 
of the Matrix and the same basic ‘Anunnaki’ story can be found in 
Zulu accounts in South Africa where the late and very great Zulu 
high shaman Credo Mutwa told me that the Sumerian Anunnaki 
were known by Zulus as the Chitauri or ‘children of the serpent’. See 
my six-hour video interview with Credo on this subject entitled The 


Reptilian Agenda recorded at his then home near Johannesburg in 
1999 which you can watch on the Ickonic media platform. 


The Cult emerged out of Sumer, Babylon and Egypt (and 
elsewhere) and established the Roman Empire before expanding 
with the Romans into northern Europe from where many empires 
were savagely imposed in the form of Cult-controlled societies all 
over the world. Mass death and destruction was their calling card. 
The Cult established its centre of operations in Europe and European 
Empires were Cult empires which allowed it to expand into a global 
force. Spanish and Portuguese colonialists headed for Central and 
South America while the British and French targeted North America. 
Africa was colonised by Britain, France, Belgium, the Netherlands, 
Portugal, Spain, Italy, and Germany. Some like Britain and France 
moved in on the Middle East. The British Empire was by far the 
biggest for a simple reason. By now Britain was the headquarters of 
the Cult from which it expanded to form Canada, the United States, 
Australia and New Zealand. The Sun never set on the British Empire 
such was the scale of its occupation. London remains a global centre 
for the Cult along with Rome and the Vatican although others have 
emerged in Israel and China. It is no accident that the ‘virus’ is 
alleged to have come out of China while Italy was chosen as the 
means to terrify the Western population into compliance with 
‘Covid’ fascism. Nor that Israel has led the world in ‘Covid’ fascism 
and mass ‘vaccination’. 

You would think that I would mention the United States here, but 
while it has been an important means of imposing the Cult’s will it is 
less significant than would appear and is currently in the process of 
having what power it does have deleted. The Cult in Europe has 
mostly loaded the guns for the US to fire. America has been 
controlled from Europe from the start through Cult operatives in 
Britain and Europe. The American Revolution was an illusion to 
make it appear that America was governing itself while very 
different forces were pulling the strings in the form of Cult families 
such as the Rothschilds through the Rockefellers and other 
subordinates. The Rockefellers are extremely close to Bill Gates and 


established both scalpel and drug ‘medicine’ and the World Health 
Organization. They play a major role in the development and 
circulation of vaccines through the Rockefeller Foundation on which 
Bill Gates said his Foundation is based. Why wouldn't this be the 
case when the Rockefellers and Gates are on the same team? Cult 
infiltration of human society goes way back into what we call history 
and has been constantly expanding and centralising power with the 
goal of establishing a global structure to dictate everything. Look 
how this has been advanced in great leaps with the ‘Covid’ hoax. 


The non-human dimension 

I researched and observed the comings and goings of Cult operatives 
through the centuries and even thousands of years as they were 
born, worked to promote the agenda within the secret society and 
satanic networks, and then died for others to replace them. Clearly 
there had to be a coordinating force that spanned this entire period 
while operatives who would not have seen the end goal in their 
lifetimes came and went advancing the plan over millennia. I went 
in search of that coordinating force with the usual support from the 
extraordinary synchronicity of my life which has been an almost 
daily experience since 1990. I saw common themes in religious texts 
and ancient cultures about a non-human force manipulating human 
society from the hidden. Christianity calls this force Satan, the Devil 
and demons; Islam refers to the Jinn or Djinn; Zulus have their 
Chitauri (spelt in other ways in different parts of Africa); and the 
Gnostic people in Egypt in the period around and before 400AD 
referred to this phenomena as the ‘Archons’, a word meaning rulers 
in Greek. Central American cultures speak of the ‘Predators’ among 
other names and the same theme is everywhere. I will use ‘Archons’ 
as a collective name for all of them. When you see how their nature 
and behaviour is described all these different sources are clearly 
talking about the same force. Gnostics described the Archons in 
terms of ‘luminous fire’ while Islam relates the Jinn to ‘smokeless 
fire’. Some refer to beings in form that could occasionally be seen, 
but the most common of common theme is that they operate from 


unseen realms which means almost all existence to the visual 
processes of humans. I had concluded that this was indeed the 
foundation of human control and that the Cult was operating within 
the human frequency band on behalf of this hidden force when I 
came across the writings of Gnostics which supported my 
conclusions in the most extraordinary way. 

A sealed earthen jar was found in 1945 near the town of Nag 
Hammadi about 75-80 miles north of Luxor on the banks of the River 
Nile in Egypt. Inside was a treasure trove of manuscripts and texts 
left by the Gnostic people some 1,600 years earlier. They included 13 
leather-bound papyrus codices (manuscripts) and more than 50 texts 
written in Coptic Egyptian estimated to have been hidden in the jar 
in the period of 400AD although the source of the information goes 
back much further. Gnostics oversaw the Great or Royal Library of 
Alexandria, the fantastic depository of ancient texts detailing 
advanced knowledge and accounts of human history. The Library 
was dismantled and destroyed in stages over a long period with the 
death-blow delivered by the Cult-established Roman Church in the 
period around 415AD. The Church of Rome was the Church of 
Babylon relocated as I said earlier. Gnostics were not a race. They 
were a way of perceiving reality. Whenever they established 
themselves and their information circulated the terrorists of the 
Church of Rome would target them for destruction. This happened 
with the Great Library and with the Gnostic Cathars who were 
burned to death by the psychopaths after a long period of 
oppression at the siege of the Castle of Monségur in southern France 
in 1244. The Church has always been terrified of Gnostic information 
which demolishes the official Christian narrative although there is 
much in the Bible that supports the Gnostic view if you read it in 
another way. To anyone studying the texts of what became known as 
the Nag Hammadi Library it is clear that great swathes of Christian 
and Biblical belief has its origin with Gnostics sources going back to 
Sumer. Gnostic themes have been twisted to manipulate the 
perceived reality of Bible believers. Biblical texts have been in the 
open for centuries where they could be changed while Gnostic 


documents found at Nag Hammadi were sealed away and 
untouched for 1,600 years. What you see is what they wrote. 


Use your pneuma not your nous 

Gnosticism and Gnostic come from ‘gnosis’ which means 
knowledge, or rather secret knowledge, in the sense of spiritual 
awareness — knowledge about reality and life itself. The desperation 
of the Cult’s Church of Rome to destroy the Gnostics can be 
understood when the knowledge they were circulating was the last 
thing the Cult wanted the population to know. Sixteen hundred 
years later the same Cult is working hard to undermine and silence 
me for the same reason. The dynamic between knowledge and 
ignorance is a constant. ‘Time’ appears to move on, but essential 
themes remain the same. We are told to ‘use your nous’, a Gnostic 
word for head/brain/intelligence. They said, however, that spiritual 
awakening or ‘salvation’ could only be secured by expanding 
awareness beyond what they called nous and into pneuma or Infinite 
Self. Obviously as I read these texts the parallels with what I have 
been saying since 1990 were fascinating to me. There is a universal 
truth that spans human history and in that case why wouldn't we be 
talking the same language 16 centuries apart? When you free 
yourself from the perception program of the five senses and explore 
expanded realms of consciousness you are going to connect with the 
same information no matter what the perceived ‘era’ within a 
manufactured timeline of a single and tiny range of manipulated 
frequency. Humans working with ‘smart’ technology or knocking 
rocks together in caves is only a timeline appearing to operate within 
the human frequency band. Expanded awareness and the 
knowledge it holds have always been there whether the era be Stone 
Age or computer age. We can only access that knowledge by 
opening ourselves to its frequency which the five-sense prison cell is 
designed to stop us doing. Gates, Fauci, Whitty, Vallance, 
Zuckerberg, Brin, Page, Wojcicki, Bezos, and all the others behind 
the ‘Covid’ hoax clearly have a long wait before their range of 
frequency can make that connection given that an open heart is 


crucial to that as we shall see. Instead of accessing knowledge 
directly through expanded awareness it is given to Cult operatives 
by the secret society networks of the Cult where it has been passed 
on over thousands of years outside the public arena. Expanded 
realms of consciousness is where great artists, composers and 
writers find their inspiration and where truth awaits anyone open 
enough to connect with it. We need to go there fast. 


Archon hijack 

A fifth of the Nag Hammadi texts describe the existence and 
manipulation of the Archons led by a ‘Chief Archon’ they call 
‘Yaldabaoth’, or the ‘Demiurge’, and this is the Christian ‘Devil’, 
‘Satan’, ‘Lucifer’, and his demons. Archons in Biblical symbolism are 
the ‘fallen ones’ which are also referred to as fallen angels after the 
angels expelled from heaven according to the Abrahamic religions of 
Judaism, Christianity and Islam. These angels are claimed to tempt 
humans to ‘sin’ ongoing and you will see how accurate that 
symbolism is during the rest of the book. The theme of ‘original sin’ 
is related to the ‘Fall’ when Adam and Eve were ‘tempted by the 
serpent’ and fell from a state of innocence and ‘obedience’ 
(connection) with God into a state of disobedience (disconnection). 
The Fall is said to have brought sin into the world and corrupted 
everything including human nature. Yaldabaoth, the ‘Lord Archon’, 
is described by Gnostics as a ‘counterfeit spirit’, ‘The Blind One’, 
‘The Blind God’, and ‘The Foolish One’. The Jewish name for 
Yaldabaoth in Talmudic writings is Samael which translates as 
‘Poison of God’, or ‘Blindness of God’. You see the parallels. 
Yaldabaoth in Islamic belief is the Muslim Jinn devil known as 
Shaytan — Shaytan is Satan as the same themes are found all over the 
world in every religion and culture. The ‘Lord God’ of the Old 
Testament is the ‘Lord Archon’ of Gnostic manuscripts and that’s 
why he’s such a bloodthirsty bastard. Satan is known by Christians 
as ‘the Demon of Demons’ and Gnostics called Yaldabaoth the 
‘Archon of Archons’. Both are known as “The Deceiver’. We are 
talking about the same ‘bloke’ for sure and these common themes 


using different names, storylines and symbolism tell a common tale 
of the human plight. 

Archons are referred to in Nag Hammadi documents as mind 
parasites, inverters, guards, gatekeepers, detainers, judges, pitiless 
ones and deceivers. The ‘Covid’ hoax alone is a glaring example of 
all these things. The Biblical ‘God’ is so different in the Old and New 
Testaments because they are not describing the same phenomenon. 
The vindictive, angry, hate-filled, ‘God’ of the Old Testament, known 
as Yahweh, is Yaldabaoth who is depicted in Cult-dictated popular 
culture as the ‘Dark Lord’, ‘Lord of Time’, Lord (Darth) Vader and 
Dormammu, the evil ruler of the ‘Dark Dimension’ trying to take 
over the ‘Earth Dimension’ in the Marvel comic movie, Dr Strange. 
Yaldabaoth is both the Old Testament ‘god’ and the Biblical ‘Satan’. 
Gnostics referred to Yaldabaoth as the ‘Great Architect of the 
Universe’and the Cult-controlled Freemason network calls their god 
‘the ‘Great Architect of the Universe’ (also Grand Architect). The 
‘Great Architect’ Yaldabaoth is symbolised by the Cult as the all- 
seeing eye at the top of the pyramid on the Great Seal of the United 
States and the dollar bill. Archon is encoded in arch-itect as it is in 
arch-angels and arch-bishops. All religions have the theme of a force 
for good and force for evil in some sort of spiritual war and there is a 
reason for that — the theme is true. The Cult and its non-human 
masters are quite happy for this to circulate. They present 
themselves as the force for good fighting evil when they are really 
the force of evil (absence of love). The whole foundation of Cult 
modus operandi is inversion. They promote themselves as a force for 
good and anyone challenging them in pursuit of peace, love, 
fairness, truth and justice is condemned as a satanic force for evil. 
This has been the game plan throughout history whether the Church 
of Rome inquisitions of non-believers or ‘conspiracy theorists’ and 
‘anti-vaxxers’ of today. The technique is the same whatever the 
timeline era. 


Yaldabaoth is revolting (true) 


Yaldabaoth and the Archons are said to have revolted against God 
with Yaldabaoth claiming to be God — the All That Is. The Old 
Testament ‘God’ (Yaldabaoth) demanded to be worshipped as such: ’ 
Iam the LORD, and there is none else, there is no God beside me’ 
(Isaiah 45:5). I have quoted in other books a man who said he was 
the unofficial son of the late Baron Philippe de Rothschild of the 
Mouton-Rothschild wine producing estates in France who died in 
1988 and he told me about the Rothschild ‘revolt from God’. The 
man said he was given the name Phillip Eugene de Rothschild and 
we shared long correspondence many years ago while he was living 
under another identity. He said that he was conceived through 
‘occult incest’ which (within the Cult) was ‘normal and to be 
admired’. ‘Phillip’ told me about his experience attending satanic 
rituals with rich and famous people whom he names and you can 
see them and the wider background to Cult Satanism in my other 
books starting with The Biggest Secret. Cult rituals are interactions 
with Archontic ‘gods’. ‘Phillip’ described Baron Philippe de 
Rothschild as ‘a master Satanist and hater of God’ and he used the 
same term ‘revolt from God’ associated with 
Yaldabaoth/Satan/Lucifer/the Devil in describing the Sabbatian 
Rothschild dynasty. ‘I played a key role in my family’s revolt from 
God’, he said. That role was to infiltrate in classic Sabbatian style the 
Christian Church, but eventually he escaped the mind-prison to live 
another life. The Cult has been targeting religion in a plan to make 
worship of the Archons the global one-world religion. Infiltration of 
Satanism into modern ‘culture’, especially among the young, 
through music videos, stage shows and other means, is all part of 
this. 


Nag Hammadi texts describe Yaldabaoth and the Archons in their 
prime form as energy — consciousness — and say they can take form if 
they choose in the same way that consciousness takes form as a 
human. Yaldabaoth is called ‘formless’ and represents a deeply 
inverted, distorted and chaotic state of consciousness which seeks to 
attached to humans and turn them into a likeness of itself in an 
attempt at assimilation. For that to happen it has to manipulate 


humans into low frequency mental and emotional states that match 
its own. Archons can certainly appear in human form and this is the 
origin of the psychopathic personality. The energetic distortion 
Gnostics called Yaldabaoth is psychopathy. When psychopathic 
Archons take human form that human will be a psychopath as an 
expression of Yaldabaoth consciousness. Cult psychopaths are 
Archons in human form. The principle is the same as that portrayed 
in the 2009 Avatar movie when the American military travelled to a 
fictional Earth-like moon called Pandora in the Alpha Centauri star 
system to infiltrate a society of blue people, or Na’vi, by hiding 
within bodies that looked like the Na’vi. Archons posing as humans 
have a particular hybrid information field, part human, part Archon, 
(the ancient ‘demigods’) which processes information in a way that 
manifests behaviour to match their psychopathic evil, lack of 
empathy and compassion, and stops them being influenced by the 
empathy, compassion and love that a fully-human information field 
is capable of expressing. Cult bloodlines interbreed, be they royalty 
or dark suits, for this reason and you have their obsession with 
incest. Interbreeding with full-blown humans would dilute the 
Archontic energy field that guarantees psychopathy in its 
representatives in the human realm. 

Gnostic writings say the main non-human forms that Archons 
take are serpentine (what I have called for decades ‘reptilian’ amid 
unbounded ridicule from the Archontically-programmed) and what 
Gnostics describe as ‘an unborn baby or foetus with grey skin and 
dark, unmoving eyes’. This is an excellent representation of the ET 
‘Greys’ of UFO folklore which large numbers of people claim to have 
seen and been abducted by — Zulu shaman Credo Mutwa among 
them. I agree with those that believe in extraterrestrial or 
interdimensional visitations today and for thousands of years past. 
No wonder with their advanced knowledge and technological 
capability they were perceived and worshipped as gods for 
technological and other ‘miracles’ they appeared to perform. 
Imagine someone arriving in a culture disconnected from the 
modern world with a smartphone and computer. They would be 


seen as a ‘god’ capable of ‘miracles’. The Renegade Mind, however, 
wants to know the source of everything and not only the way that 
source manifests as human or non-human. In the same way that a 
Renegade Mind seeks the original source material for the “‘Covid 
virus’ to see if what is claimed is true. The original source of 
Archons in form is consciousness — the distorted state of 
consciousness known to Gnostics as Yaldabaoth. 


‘Revolt from God is energetic disconnection 

Where I am going next will make a lot of sense of religious texts and 
ancient legends relating to ‘Satan’, Lucifer’ and the ‘gods’. Gnostic 
descriptions sync perfectly with the themes of my own research over 
the years in how they describe a consciousness distortion seeking to 
impose itself on human consciousness. I’ve referred to the core of 
infinite awareness in previous books as Infinite Awareness in 
Awareness of Itself. By that I mean a level of awareness that knows 
that it is all awareness and is aware of all awareness. From here 
comes the frequency of love in its true sense and balance which is 
what love is on one level — the balance of all forces into a single 
whole called Oneness and Isness. The more we disconnect from this 
state of love that many call ‘God’ the constituent parts of that 
Oneness start to unravel and express themselves as a part and not a 
whole. They become individualised as intellect, mind, selfishness, 
hatred, envy, desire for power over others, and such like. This is not 
a problem in the greater scheme in that ‘God’, the All That Is, can 
experience all these possibilities through different expressions of 
itself including humans. What we as expressions of the whole 
experience the All That Is experiences. We are the All That Is 
experiencing itself. As we withdraw from that state of Oneness we 
disconnect from its influence and things can get very unpleasant and 
very stupid. Archontic consciousness is at the extreme end of that. It 
has so disconnected from the influence of Oneness that it has become 
an inversion of unity and love, an inversion of everything, an 
inversion of life itself. Evil is appropriately live written backwards. 
Archontic consciousness is obsessed with death, an inversion of life, 


and so its manifestations in Satanism are obsessed with death. They 
use inverted symbols in their rituals such as the inverted pentagram 
and cross. Sabbatians as Archontic consciousness incarnate invert 
Judaism and every other religion and culture they infiltrate. They 
seek disunity and chaos and they fear unity and harmony as they 
fear love like garlic to a vampire. As a result the Cult, Archons 
incarnate, act with such evil, psychopathy and lack of empathy and 
compassion disconnected as they are from the source of love. How 
could Bill Gates and the rest of the Archontic psychopaths do what 
they have to human society in the ‘Covid’ era with all the death, 
suffering and destruction involved and have no emotional 
consequence for the impact on others? Now you know. Why have 
Zuckerberg, Brin, Page, Wojcicki and company callously censored 
information warning about the dangers of the ‘vaccine’ while 
thousands have been dying and having severe, sometimes life- 
changing reactions? Now you know. Why have Tedros, Fauci, 
Whitty, Vallance and their like around the world been using case and 
death figures they’re aware are fraudulent to justify lockdowns and 
all the deaths and destroyed lives that have come from that? Now 
you know. Why did Christian Drosten produce and promote a 
‘testing’ protocol that he knew couldn’t test for infectious disease 
which led to a global human catastrophe. Now you know. The 
Archontic mind doesn’t give a shit (Fig 17). I personally think that 
Gates and major Cult insiders are a form of AI cyborg that the 
Archons want humans to become. 
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Figure 17: Artist Neil Hague’s version of the ‘Covid’ hierarchy. 


Human batteries 

A state of such inversion does have its consequences, however. The 
level of disconnection from the Source of All means that you 
withdraw from that source of energetic sustenance and creativity. 
This means that you have to find your own supply of energetic 
power and it has — us. When the Morpheus character in the first 
Matrix movie held up a battery he spoke a profound truth when he 
said: ‘The Matrix is a computer-generated dream world built to keep 
us under control in order to change the human being into one of 


these.’ The statement was true in all respects. We do live in a 
technologically-generated virtual reality simulation (more very 
shortly) and we have been manipulated to be an energy source for 
Archontic consciousness. The Disney-Pixar animated movie 
Monsters, Inc. in 2001 symbolised the dynamic when monsters in 
their world had no energy source and they would enter the human 
world to terrify children in their beds, catch the child’s scream, terror 
(low-vibrational frequencies), and take that energy back to power 
the monster world. The lead character you might remember was a 
single giant eye and the symbolism of the Cult’s all-seeing eye was 
obvious. Every thought and emotion is broadcast as a frequency 
unique to that thought and emotion. Feelings of love and joy, 
empathy and compassion, are high, quick, frequencies while fear, 
depression, anxiety, suffering and hate are low, slow, dense 
frequencies. Which kind do you think Archontic consciousness can 
connect with and absorb? In such a low and dense frequency state 
there’s no way it can connect with the energy of love and joy. 
Archons can only feed off energy compatible with their own 
frequency and they and their Cult agents want to delete the human 
world of love and joy and manipulate the transmission of low 
vibrational frequencies through low-vibrational human mental and 
emotional states. We are their energy source. Wars are energetic 
banquets to the Archons — a world war even more so — and think 
how much low-frequency mental and emotional energy has been 
generated from the consequences for humanity of the ‘Covid’ hoax 
orchestrated by Archons incarnate like Gates. 


The ancient practice of human sacrifice ‘to the gods’, continued in 
secret today by the Cult, is based on the same principle. “The gods’ 
are Archontic consciousness in different forms and the sacrifice is 
induced into a state of intense terror to generate the energy the 
Archontic frequency can absorb. Incarnate Archons in the ritual 
drink the blood which contains an adrenaline they crave which 
floods into the bloodstream when people are terrorised. Most of the 
sacrifices, ancient and modern, are children and the theme of 
‘sacrificing young virgins to the gods’ is just code for children. They 


have a particular pre-puberty energy that Archons want more than 
anything and the energy of the young in general is their target. The 
California Department of Education wants students to chant the 
names of Aztec gods (Archontic gods) once worshipped in human 
sacrifice rituals in a curriculum designed to encourage them to 
‘challenge racist, bigoted, discriminatory, imperialist/colonial 
beliefs’, join ‘social movements that struggle for social justice’, and 
‘build new possibilities for a post-racist, post-systemic racism 
society’. It’s the usual Woke crap that inverts racism and calls it anti- 
racism. In this case solidarity with ‘indigenous tribes’ is being used 
as an excuse to chant the names of ‘gods’ to which people were 
sacrificed (and still are in secret). What an example of Woke’s 
inability to see beyond black and white, us and them, They condemn 
the colonisation of these tribal cultures by Europeans (quite right), 
but those cultures sacrificing people including children to their 
‘gods’, and mass murdering untold numbers as the Aztecs did, is 
just fine. One chant is to the Aztec god Tezcatlipoca who had a man 
sacrificed to him in the 5th month of the Aztec calendar. His heart 
was cut out and he was eaten. Oh, that’s okay then. Come on 
children ... after three ... Other sacrificial ‘gods’ for the young to 
chant their allegiance include Quetzalcoatl, Huitzilopochtli and Xipe 
Totec. The curriculum says that ‘chants, affirmations, and energizers 
can be used to bring the class together, build unity around ethnic 
studies principles and values, and to reinvigorate the class following 
a lesson that may be emotionally taxing or even when student 
engagement may appear to be low’. Well, that’s the cover story, 
anyway. Chanting and mantras are the repetition of a particular 
frequency generated from the vocal cords and chanting the names of 
these Archontic ‘gods’ tunes you into their frequency. That is the last 
thing you want when it allows for energetic synchronisation, 
attachment and perceptual influence. Initiates chant the names of 
their ‘Gods’ in their rituals for this very reason. 


Paedophilia is another way that Archons absorb the energy of 
children. Paedophiles possessed by Archontic consciousness are 
used as the conduit during sexual abuse for discarnate Archons to 
vampire the energy of the young they desire so much. Stupendous 
numbers of children disappear every year never to be seen again 
although you would never know from the media. Imagine how 
much low-vibrational energy has been generated by children during 
the ‘Covid’ hoax when so many have become depressed and 
psychologically destroyed to the point of killing themselves. 
Shocking numbers of children are now taken by the state from 
loving parents to be handed to others. I can tell you from long 
experience of researching this since 1996 that many end up with 
paedophiles and assets of the Cult through corrupt and Cult-owned 
social services which in the reframing era has hired many 
psychopaths and emotionless automatons to do the job. Children are 
even stolen to order using spurious reasons to take them by the 
corrupt and secret (because they’re corrupt) ‘family courts’. I have 
written in detail in other books, starting with The Biggest Secret in 
1997, about the ubiquitous connections between the political, 
corporate, government, intelligence and military elites (Cult 
operatives) and Satanism and paedophilia. If you go deep enough 
both networks have an interlocking leadership. The Woke mentality 
has been developed by the Cult for many reasons: To promote 
almost every aspect of its agenda; to hijack the traditional political 
left and turn it fascist; to divide and rule; and to target agenda 
pushbackers. But there are other reasons which relate to what Iam 
describing here. How many happy and joyful Wokers do you ever 
see especially at the extreme end? They are a mental and 
psychological mess consumed by emotional stress and constantly 
emotionally cocked for the next explosion of indignation at someone 
referring to a female as a female. They are walking, talking, batteries 
as Morpheus might say emitting frequencies which both enslave 
them in low-vibrational bubbles of perceptual limitation and feed 
the Archons. Add to this the hatred claimed to be love; fascism 
claimed to ‘anti-fascism’, racism claimed to be ‘anti-racism’; 


exclusion claimed to inclusion; and the abuse-filled Internet trolling. 
You have a purpose-built Archontic energy system with not a wind 
turbine in sight and all founded on Archontic inversion. We have 
whole generations now manipulated to serve the Archons with their 
actions and energy. They will be doing so their entire adult lives 
unless they snap out of their Archon-induced trance. Is it really a 
surprise that Cult billionaires and corporations put so much money 
their way? Where is the energy of joy and laughter, including 
laughing at yourself which is confirmation of your own emotional 
security? Mark Twain said: ‘The human race has one really effective 
weapon, and that is laughter.’ We must use it all the time. Woke has 
destroyed comedy because it has no humour, no joy, sense of irony, 
or self-deprecation. Its energy is dense and intense. Mmmmm, lunch 
says the Archontic frequency. Rudolf Steiner (1861-1925) was the 
Austrian philosopher and famous esoteric thinker who established 
Waldorf education or Steiner schools to treat children like unique 
expressions of consciousness and not minds to be programmed with 
the perceptions determined by authority. I’d been writing about this 
energy vampiring for decades when I was sent in 2016 a quote by 
Steiner. He was spot on: 


There are beings in the spiritual realms for whom anxiety and fear emanating from human 
beings offer welcome food. When humans have no anxiety and fear, then these creatures 
starve. If fear and anxiety radiates from people and they break out in panic, then these 
creatures find welcome nutrition and they become more and more powerful. These beings are 
hostile towards humanity. Everything that feeds on negative feelings, on anxiety, fear and 
superstition, despair or doubt, are in reality hostile forces in super-sensible worlds, launching 
cruel attacks on human beings, while they are being fed ... These are exactly the feelings that 
belong to contemporary culture and materialism; because it estranges people from the 
spiritual world, it is especially suited to evoke hopelessness and fear of the unknown in 
people, thereby calling up the above mentioned hostile forces against them. 


Pause for a moment from this perspective and reflect on what has 
happened in the world since the start of 2020. Not only will pennies 
drop, but billion dollar bills. We see the same theme from Don Juan 
Matus, a Yaqui Indian shaman in Mexico and the information source 
for Peruvian-born writer, Carlos Castaneda, who wrote a series of 


books from the 1960s to 1990s. Don Juan described the force 
manipulating human society and his name for the Archons was the 
predator: 


We have a predator that came from the depths of the cosmos and took over the rule of our 
lives. Human beings are its prisoners. The predator is our lord and master. It has rendered us 
docile, helpless. If we want to protest, it suppresses our protest. If we want to act 
independently, it demands that we don’t do so ... indeed we are held prisoner! 


They took us over because we are food to them, and they squeeze us mercilessly because we 
are their sustenance. Just as we rear chickens in coops, the predators rear us in human coops, 
humaneros. Therefore, their food is always available to them. 


Different cultures, different eras, same recurring theme. 


The ‘ennoia’ dilemma 


Nag Hammadi Gnostic manuscripts say that Archon consciousness 
has no ‘ennoia’. This is directly translated as ‘intentionality’, but I’ll 
use the term ‘creative imagination’. The All That Is in awareness of 
itself is the source of all creativity — all possibility - and the more 
disconnected you are from that source the more you are 
subsequently denied ‘creative imagination’. Given that Archon 
consciousness is almost entirely disconnected it severely lacks 
creativity and has to rely on far more mechanical processes of 
thought and exploit the creative potential of those that do have 
‘ennoia’. You can see cases of this throughout human society. Archon 
consciousness almost entirely dominates the global banking system 
and if we study how that system works you will appreciate what I 
mean. Banks manifest ‘money’ out of nothing by issuing lines of 
‘credit’ which is ‘money’ that has never, does not, and will never 
exist except in theory. It’s a confidence trick. If you think ‘credit’ 
figures-on-a-screen ‘money’ is worth anything you accept it as 
payment. If you don’t then the whole system collapses through lack 
of confidence in the value of that ‘money’. Archontic bankers with 
no ‘ennoia’ are ‘lending’ ‘money’ that doesn’t exist to humans that do 
have creativity — those that have the inspired ideas and create 
businesses and products. Archon banking feeds off human creativity 


which it controls through ‘money’ creation and debt. Humans have 
the creativity and Archons exploit that for their own benefit and 
control while having none themselves. Archon Internet platforms 
like Facebook claim joint copyright of everything that creative users 
post and while Archontic minds like Zuckerberg may officially head 
that company it will be human creatives on the staff that provide the 
creative inspiration. When you have limitless ‘money’ you can then 
buy other companies established by creative humans. Witness the 
acquisition record of Facebook, Google and their like. Survey the 
Archon-controlled music industry and you see non-creative dark 
suit executives making their fortune from the human creativity of 
their artists. The cases are endless. Research the history of people 
like Gates and Zuckerberg and how their empires were built on 
exploiting the creativity of others. Archon minds cannot create out of 
nothing, but they are skilled (because they have to be) in what 
Gnostic texts call ‘countermimicry’. They can imitate, but not 
innovate. Sabbatians trawl the creativity of others through 
backdoors they install in computer systems through their 
cybersecurity systems. Archon-controlled China is globally infamous 
for stealing intellectual property and I remember how Hong Kong, 
now part of China, became notorious for making counterfeit copies 
of the creativity of others — ‘countermimicry’. With the now 
pervasive and all-seeing surveillance systems able to infiltrate any 
computer you can appreciate the potential for Archons to vampire 
the creativity of humans. Author John Lamb Lash wrote in his book 
about the Nag Hammadi texts, Not In His Image: 


Although they cannot originate anything, because they lack the divine factor of ennoia 
(intentionality), Archons can imitate with a vengeance. Their expertise is simulation (HAL, 
virtual reality). The Demiurge [Yaldabaoth] fashions a heaven world copied from the fractal 
patterns [of the original] ... His construction is celestial kitsch, like the fake Italianate villa of a 
Mafia don complete with militant angels to guard every portal. 


This brings us to something that I have been speaking about since 
the turn of the millennium. Our reality is a simulation; a virtual 
reality that we think is real. No, I’m not kidding. 


Human reality? Well, virtually 

I had pondered for years about whether our reality is ‘real’ or some 
kind of construct. I remembered being immensely affected on a visit 
as a small child in the late 1950s to the then newly-opened 
Planetarium on the Marylebone Road in London which is now 
closed and part of the adjacent Madame Tussauds wax museum. It 
was in the middle of the day, but when the lights went out there was 
the night sky projected in the Planetarium’s domed ceiling and it 
appeared to be so real. The experience never left me and I didn’t 
know why until around the turn of the millennium when I became 
certain that our ‘night sky’ and entire reality is a projection, a virtual 
reality, akin to the illusory world portrayed in the Matrix movies. I 
looked at the sky one day in this period and it appeared to me like 
the domed roof of the Planetarium. The release of the first Matrix 
movie in 1999 also provided a synchronistic and perfect visual 
representation of where my mind had been going for a long time. I 
hadn’t come across the Gnostic Nag Hammadi texts then. When I 
did years later the correlation was once again astounding. As I read 
Gnostic accounts from 1,600 years and more earlier it was clear that 
they were describing the same simulation phenomenon. They tell 
how the Yaldabaoth ‘Demiurge’ and Archons created a “bad copy’ of 
original reality to rule over all that were captured by its illusions and 
the body was a prison to trap consciousness in the ‘bad copy’ fake 
reality. Read how Gnostics describe the ‘bad copy’ and update that 
to current times and they are referring to what we would call today a 
virtual reality simulation. 

Author John Lamb Lash said ‘the Demiurge fashions a heaven 
world copied from the fractal patterns’ of the original through 
expertise in ‘HAL’ or virtual reality simulation. Fractal patterns are 
part of the energetic information construct of our reality, a sort of 
blueprint. If these patterns were copied in computer terms it would 
indeed give you a copy of a ‘natural’ reality in a non-natural 
frequency and digital form. The principle is the same as making a 
copy of a website. The original website still exists, but now you can 
change the copy version to make it whatever you like and it can 


become very different to the original website. Archons have done 
this with our reality, a synthetic copy of prime reality that still exists 
beyond the frequency walls of the simulation. Trapped within the 
illusions of this synthetic Matrix, however, were and are human 
consciousness and other expressions of prime reality and this is why 
the Archons via the Cult are seeking to make the human body 
synthetic and give us synthetic AI minds to complete the job of 
turning the entire reality synthetic including what we perceive to be 
the natural world. To quote Kurzweil: ‘Nanobots will infuse all the 
matter around us with information. Rocks, trees, everything will 
become these intelligent creatures.’ Yes, synthetic ‘creatures’ just as 
‘Covid’ and other genetically-manipulating ‘vaccines’ are designed 
to make the human body synthetic. From this perspective it is 
obvious why Archons and their Cult are so desperate to infuse 
synthetic material into every human with their ‘Covid’ scam. 


Let there be (electromagnetic) light 

Yaldabaoth, the force that created the simulation, or Matrix, makes 
sense of the Gnostic reference to ‘The Great Architect’ and its use by 
Cult Freemasonry as the name of its deity. The designer of the Matrix 
in the movies is called ‘The Architect’ and that trilogy is jam-packed 
with symbolism relating to these subjects. I have contended for years 
that the angry Old Testament God (Yaldabaoth) is the ‘God’ being 
symbolically ‘quoted’ in the opening of Genesis as ‘creating the 
world’. This is not the creation of prime reality — it’s the creation of 
the simulation. The Genesis ‘God’ says: ‘Let there be Light: and there 
was light.’ But what is this ‘Light’? I have said for decades that the 
speed of light (186,000 miles per second) is not the fastest speed 
possible as claimed by mainstream science and is in fact the 
frequency walls or outer limits of the Matrix. You can’t have a fastest 
or slowest anything within all possibility when everything is 
possible. The human body is encoded to operate within the speed of 
light or within the simulation and thus we see only the tiny frequency 
band of visible light. Near-death experiencers who perceive reality 
outside the body during temporary ‘death’ describe a very different 


form of light and this is supported by the Nag Hammadi texts. 
Prime reality beyond the simulation (‘Upper Aeons’ to the Gnostics) 
is described as a realm of incredible beauty, bliss, love and harmony 
—a realm of ‘watery light’ that is so powerful ‘there are no shadows’. 
Our false reality of Archon control, which Gnostics call the ‘Lower 
Aeons’, is depicted as a realm with a different kind of ‘light’ and 
described in terms of chaos, ‘Hell’, ‘the Abyss’ and ‘Outer Darkness’, 
where trapped souls are tormented and manipulated by demons 
(relate that to the ‘Covid’ hoax alone). The watery light theme can be 
found in near-death accounts and it is not the same as simulation 
‘light’ which is electromagnetic or radiation light within the speed of 
light — the ‘Lower Aeons’. Simulation ‘light’ is the ‘Iuminous fire’ 
associated by Gnostics with the Archons. The Bible refers to 
Yaldabaoth as ‘that old serpent, called the Devil, and Satan, which 
deceiveth the whole world’ (Revelation 12:9). I think that making a 
simulated copy of prime reality (‘countermimicry’) and changing it 
dramatically while all the time manipulating humanity to believe it 
to be real could probably meet the criteria of deceiving the whole 
world. Then we come to the Cult god Lucifer — the Light Bringer. 
Lucifer is symbolic of Yaldabaoth, the bringer of radiation light that 
forms the bad copy simulation within the speed of light. “He’ is 
symbolised by the lighted torch held by the Statue of Liberty and in 
the name ‘Illuminati’. Sabbatian-Frankism declares that Lucifer is the 
true god and Lucifer is the real god of Freemasonry honoured as 
their ‘Great or Grand Architect of the Universe’ (simulation). 


I would emphasise, too, the way Archontic technologically- 
generated luminous fire of radiation has deluged our environment 
since I was a kid in the 1950s and changed the nature of The Field 
with which we constantly interact. Through that interaction 
technological radiation is changing us. The Smart Grid is designed to 
operate with immense levels of communication power with 5G 
expanding across the world and 6G, 7G, in the process of 
development. Radiation is the simulation and the Archontic 
manipulation system. Why wouldn’t the Archon Cult wish to 
unleash radiation upon us to an ever-greater extreme to form 


Kurzweil’s ‘cloud’? The plan for a synthetic human is related to the 
need to cope with levels of radiation beyond even anything we’ve 
seen so far. Biological humans would not survive the scale of 
radiation they have in their script. The Smart Grid is a technological 
sub-reality within the technological simulation to further disconnect 
five-sense perception from expanded consciousness. It’s a 
technological prison of the mind. 


A recurring theme in religion and native cultures is the 
manipulation of human genetics by a non-human force and most 
famously recorded as the biblical “sons of god’ (the gods plural in the 
original) who interbred with the daughters of men. The Nag 
Hammadi Apocryphon of John tells the same story this way: 


He [Yaldabaoth] sent his angels [Archons/demons] to the daughters of men, that they might 
take some of them for themselves and raise offspring for their enjoyment. And at first they did 
not succeed. When they had no success, they gathered together again and they made a plan 
together ... And the angels changed themselves in their likeness into the likeness of their 
mates, filling them with the spirit of darkness, which they had mixed for them, and with evil ... 
And they took women and begot children out of the darkness according to the likeness of 
their spirit. 


Possession when a discarnate entity takes over a human body is an 
age-old theme and continues today. It’s very real and I’ve seen it. 
Satanic and secret society rituals can create an energetic environment 
in which entities can attach to initiates and I’ve heard many stories 
of how people have changed their personality after being initiated 
even into lower levels of the Freemasons. I have been inside three 
Freemasonic temples, one at a public open day and two by just 
walking in when there was no one around to stop me. They were in 
Ryde, the town where I live, Birmingham, England, when I was with 
a group, and Boston, Massachusetts. They all felt the same 
energetically — dark, dense, low-vibrational and sinister. Demonic 
attachment can happen while the initiate has no idea what is going 
on. To them it’s just a ritual to get in the Masons and do a bit of good 


business. In the far more extreme rituals of Satanism human 
possession is even more powerful and they are designed to make 
possession possible. The hierarchy of the Cult is dictated by the 
power and perceived status of the possessing Archon. In this way 
the Archon hierarchy becomes the Cult hierarchy. Once the entity 
has attached it can influence perception and behaviour and if it 
attaches to the extreme then so much of its energy (information) 
infuses into the body information field that the hologram starts to 
reflect the nature of the possessing entity. This is the Exorcist movie 
type of possession when facial features change and it’s known as 
shapeshifting. Islam’s Jinn are said to be invisible tricksters who 
change shape, ‘whisper’, confuse and take human form. These are all 
traits of the Archons and other versions of the same phenomenon. 
Extreme possession could certainty infuse the ‘spirit of darkness’ 
into a partner during sex as the Nag Hammadi texts appear to 
describe. Such an infusion can change genetics which is also 
energetic information. Human genetics is information and the ‘spirit 
of darkness’ is information. Mix one with the other and change must 
happen. Islam has the concept of a ‘Jinn baby’ through possession of 
the mother and by Jinn taking human form. There are many ways 
that human genetics can be changed and remember that Archons 
have been aware all along of advanced techniques to do this. What is 
being done in human society today — and far more — was known 
about by Archons at the time of the ‘fallen ones’ and their other 
versions described in religions and cultures. 


Archons and their human-world Cult are obsessed with genetics 
as we see today and they know this dictates how information is 
processed into perceived reality during a human life. They needed to 
produce a human form that would decode the simulation and this is 
symbolically known as ‘Adam and Eve’ who left the ‘garden’ (prime 
reality) and ‘fell’ into Matrix reality. The simulation is not a 
‘physical’ construct (there is no “physical’); it is a source of 
information. Think Wi-Fi again. The simulation is an energetic field 
encoded with information and body-brain systems are designed to 
decode that information encoded in wave or frequency form which 


is transmitted to the brain as electrical signals. These are decoded by 
the brain to construct our sense of reality — an illusory ‘physical’ 
world that only exists in the brain or the mind. Virtual reality games 
mimic this process using the same sensory decoding system. 
Information is fed to the senses to decode a virtual reality that can 
appear so real, but isn’t (Figs 18 and 19). Some scientists believe — 
and I agree with them — that what we perceive as ‘physical’ reality 
only exists when we are looking or observing. The act of perception 
or focus triggers the decoding systems which turn waveform 
information into holographic reality. When we are not observing 
something our reality reverts from a holographic state to a waveform 
state. This relates to the same principle as a falling tree not making a 
noise unless someone is there to hear it or decode it. The concept 
makes sense from the simulation perspective. A computer is not 
decoding all the information in a Wi-Fi field all the time and only 
decodes or brings into reality on the screen that part of Wi-Fi that it’s 
decoding — focusing upon — at that moment. 


Figure 19: The result can be experienced as very ‘real’. 


Interestingly, Professor Donald Hoffman at the Department of 
Cognitive Sciences at the University of California, Irvine, says that 
our experienced reality is like a computer interface that shows us 
only the level with which we interact while hiding all that exists 
beyond it: ‘Evolution shaped us with a user interface that hides the 
truth. Nothing that we see is the truth — the very language of space 
and time and objects is the wrong language to describe reality.’ He is 
correct in what he says on so many levels. Space and time are not a 
universal reality. They are a phenomenon of decoded simulation 
reality as part of the process of enslaving our sense of reality. Near- 
death experiencers report again and again how space and time did 
not exist as we perceive them once they were free of the body — body 
decoding systems. You can appreciate from this why Archons and 
their Cult are so desperate to entrap human attention in the five 
senses where we are in the Matrix and of the Matrix. Opening your 
mind to expanded states of awareness takes you beyond the 
information confines of the simulation and you become aware of 
knowledge and insights denied to you before. This is what we call 
‘awakening’ — awakening from the Matrix — and in the final chapter I 
will relate this to current events. 


Where are the ‘aliens’? 

A simulation would explain the so-called ‘Fermi Paradox’ named 
after Italian physicist Enrico Fermi (1901-1954) who created the first 
nuclear reactor. He considered the question of why there is such a 
lack of extraterrestrial activity when there are so many stars and 
planets in an apparently vast universe; but what if the night sky that 
we see, or think we do, is a simulated projection as I say? If you 
control the simulation and your aim is to hold humanity fast in 
essential ignorance would you want other forms of life including 
advanced life coming and going sharing information with 
humanity? Or would you want them to believe they were isolated 
and apparently alone? Themes of human isolation and apartness are 
common whether they be the perception of a lifeless universe or the 
fascist isolation laws of the ‘Covid’ era. Paradoxically the very 


existence of a simulation means that we are not alone when some 
force had to construct it. My view is that experiences that people 
have reported all over the world for centuries with Reptilians and 
Grey entities are Archon phenomena as Nag Hammadi texts 
describe; and that benevolent ‘alien’ interactions are non-human 
groups that come in and out of the simulation by overcoming 
Archon attempts to keep them out. It should be highlighted, too, that 
Reptilians and Greys are obsessed with genetics and technology as 
related by cultural accounts and those who say they have been 
abducted by them. Technology is their way of overcoming some of 
the limitations in their creative potential and our technology-driven 
and controlled human society of today is archetypical Archon- 
Reptilian-Grey modus operandi. Technocracy is really Archontocracy. 
The Universe does not have to be as big as it appears with a 
simulation. There is no space or distance only information decoded 
into holographic reality. What we call ‘space’ is only the absence of 
holographic ‘objects’ and that ‘space’ is The Field of energetic 
information which connects everything into a single whole. The 
same applies with the artificially-generated information field of the 
simulation. The Universe is not big or small as a physical reality. It is 
decoded information, that’s all, and its perceived size is decided by 
the way the simulation is encoded to make it appear. The entire 
night sky as we perceive it only exists in our brain and so where are 
those ‘millions of light years’? The ‘stars’ on the ceiling of the 
Planetarium looked a vast distance away. 


There’s another point to mention about ‘aliens’. I have been 
highlighting since the 1990s the plan to stage a fake ‘alien invasion’ 
to justify the centralisation of global power and a world military. 
Nazi scientist Werner von Braun, who was taken to America by 
Operation Paperclip after World War Two to help found NASA, told 
his American assistant Dr Carol Rosin about the Cult agenda when 
he knew he was dying in 1977. Rosin said that he told her about a 
sequence that would lead to total human control by a one-world 
government. This included threats from terrorism, rogue nations, 
meteors and asteroids before finally an ‘alien invasion’. All of these 


things, von Braun said, would be bogus and what I would refer to as 
a No-Problem-Reaction-Solution. Keep this in mind when ‘the aliens 
are coming’ is the new mantra. The aliens are not coming — they are 
already here and they have infiltrated human society while looking 
human. French-Canadian investigative journalist Serge Monast said 
in 1994 that he had uncovered a NASA/military operation called 
Project Blue Beam which fits with what Werner von Braun predicted. 
Monast died of a ‘heart attack’ in 1996 the day after he was arrested 
and spent a night in prison. He was 51. He said Blue Beam was a 
plan to stage an alien invasion that would include religious figures 
beamed holographically into the sky as part of a global manipulation 
to usher in a ‘new age’ of worshipping what I would say is the Cult 
‘god’ Yaldabaoth in a one-world religion. Fake holographic asteroids 
are also said to be part of the plan which again syncs with von 
Braun. How could you stage an illusory threat from asteroids unless 
they were holographic inserts? This is pretty straightforward given 
the advanced technology outside the public arena and the fact that 
our ‘physical’ reality is holographic anyway. Information fields 
would be projected and we would decode them into the illusion of a 
‘physical’ asteroid. If they can sell a global ‘pandemic’ with a ‘virus’ 
that doesn’t exist what will humans not believe if government and 
media tell them? 

All this is particularly relevant as I write with the Pentagon 
planning to release in June, 2021, information about ‘UFO sightings’. 
I have been following the UFO story since the early 1990s and the 
common theme throughout has been government and military 
denials and cover up. More recently, however, the Pentagon has 
suddenly become more talkative and apparently open with Air 
Force pilot radar images released of unexplained craft moving and 
changing direction at speeds well beyond anything believed possible 
with human technology. Then, in March, 2021, former Director of 
National Intelligence John Ratcliffe said a Pentagon report months 
later in June would reveal a great deal of information about UFO 
sightings unknown to the public. He said the report would have 
‘massive implications’. The order to do this was included bizarrely 


in a $2.3 trillion ‘coronavirus’ relief and government funding bill 
passed by the Trump administration at the end of 2020. I would add 
some serious notes of caution here. I have been pointing out since 
the 1990s that the US military and intelligence networks have long 
had craft — ‘flying saucers’ or anti-gravity craft — which any observer 
would take to be extraterrestrial in origin. Keeping this knowledge 
from the public allows craft flown by humans to be perceived as alien 
visitations. I am not saying that ‘aliens’ do not exist. I would be the 
last one to say that, but we have to be streetwise here. President 
Ronald Reagan told the UN General Assembly in 1987: ‘I 
occasionally think how quickly our differences worldwide would 
vanish if we were facing an alien threat from outside this world.’ 
That's the idea. Unite against a common ‘enemy’ with a common 
purpose behind your ‘saviour force’ (the Cult) as this age-old 
technique of mass manipulation goes global. 


Science moves this way... 

I could find only one other person who was discussing the 
simulation hypothesis publicly when I concluded it was real. This 
was Nick Bostrom, a Swedish-born philosopher at the University of 
Oxford, who has explored for many years the possibility that human 
reality is a computer simulation although his version and mine are 
not the same. Today the simulation and holographic reality 
hypothesis have increasingly entered the scientific mainstream. Well, 
the more open-minded mainstream, that is. Here are a few of the 
ever-gathering examples. American nuclear physicist Silas Beane led 
a team of physicists at the University of Bonn in Germany pursuing 
the question of whether we live in a simulation. They concluded that 
we probably do and it was likely based on a lattice of cubes. They 
found that cosmic rays align with that specific pattern. The team 
highlighted the Greisen—Zatsepin—Kuzmin (GZK) limit which refers 
to cosmic ray particle interaction with cosmic background radiation 
that creates an apparent boundary for cosmic ray particles. They say 
in a paper entitled ‘Constraints on the Universe as a Numerical 
Simulation’ that this ‘pattern of constraint’ is exactly what you 


would find with a computer simulation. They also made the point 
that a simulation would create its own ‘laws of physics’ that would 
limit possibility. I’ve been making the same point for decades that 
the perceived laws of physics relate only to this reality, or what I 
would later call the simulation. When designers write codes to create 
computer and virtual reality games they are the equivalent of the 
laws of physics for that game. Players interact within the limitations 
laid out by the coding. In the same way those who wrote the codes 
for the simulation decided the laws of physics that would apply. 
These can be overridden by expanded states of consciousness, but 
not by those enslaved in only five-sense awareness where simulation 
codes rule. Overriding the codes is what people call ‘miracles’. They 
are not. They are bypassing the encoded limits of the simulation. A 
population caught in simulation perception would have no idea that 
this was their plight. As the Bonn paper said: ‘Like a prisoner in a 
pitch-black cell we would not be able to see the “walls” of our 
prison,’ That’s true if people remain mesmerised by the five senses. 
Open to expanded awareness and those walls become very clear. The 
main one is the speed of light. 

American theoretical physicist James Gates is another who has 
explored the simulation question and found considerable evidence 
to support the idea. Gates was Professor of Physics at the University 
of Maryland, Director of The Center for String and Particle Theory, 
and on Barack Obama’s Council of Advisors on Science and 
Technology. He and his team found computer codes of digital data 
embedded in the fabric of our reality. They relate to on-off electrical 
charges of 1 and 0 in the binary system used by computers. “We have 
no idea what they are doing there’, Gates said. They found within 
the energetic fabric mathematical sequences known as error- 
correcting codes or block codes that ‘reboot’ data to its original state 
or ‘default settings’ when something knocks it out of sync. Gates was 
asked if he had found a set of equations embedded in our reality 
indistinguishable from those that drive search engines and browsers 
and he said: ‘That is correct.’ Rich Terrile, director of the Centre for 
Evolutionary Computation and Automated Design at NASA’s Jet 


Propulsion Laboratory, has said publicly that he believes the 
Universe is a digital hologram that must have been created by a form 
of intelligence. I agree with that in every way. Waveform information 
is delivered electrically by the senses to the brain which constructs a 
digital holographic reality that we call the ‘world’. This digital level 
of reality can be read by the esoteric art of numerology. Digital 
holograms are at the cutting edge of holographics today. We have 
digital technology everywhere designed to access and manipulate 
our digital level of perceived reality. Synthetic mRNA in ‘Covid 
vaccines’ has a digital component to manipulate the body’s digital 
‘operating system’. 


Reality is numbers 


How many know that our reality can be broken down to numbers 
and codes that are the same as computer games? Max Tegmark, a 
physicist at the Massachusetts Institute of Technology (MIT), is the 
author of Our Mathematical Universe in which he lays out how reality 
can be entirely described by numbers and maths in the way that a 
video game is encoded with the ‘physics’ of computer games. Our 
world and computer virtual reality are essentially the same. 
Tegmark imagines the perceptions of characters in an advanced 
computer game when the graphics are so good they don’t know they 
are in a game. They think they can bump into real objects 
(electromagnetic resistance in our reality), fall in love and feel 
emotions like excitement. When they began to study the apparently 
‘physical world’ of the video game they would realise that 
everything was made of pixels (which have been found in our 
energetic reality as must be the case when on one level our world is 
digital). What computer game characters thought was physical 
‘stuff’, Tegmark said, could actually be broken down into numbers: 


And we're exactly in this situation in our world. We look around and it doesn’t seem that 
mathematical at all, but everything we see is made out of elementary particles like quarks and 
electrons. And what properties does an electron have? Does it have a smell or a colour or a 
texture? No! ... We physicists have come up with geeky names for [Electron] properties, like 


electric charge, or spin, or lepton number, but the electron doesn’t care what we call it, the 
properties are just numbers. 


This is the illusory reality Gnostics were describing. This is the 
simulation. The A, C, G, and T codes of DNA have a binary value — 
A and C = 0 while G and T = 1. This has to be when the simulation is 
digital and the body must be digital to interact with it. Recurring 
mathematical sequences are encoded throughout reality and the 
body. They include the Fibonacci sequence in which the two 
previous numbers are added to get the next one, as in... 1, 1, 2, 3, 5, 
8, 13, 21, 34, 55, etc. The sequence is encoded in the human face and 
body, proportions of animals, DNA, seed heads, pine cones, trees, 
shells, spiral galaxies, hurricanes and the number of petals in a 
flower. The list goes on and on. There are fractal patterns — a ‘never- 
ending pattern that is infinitely complex and self-similar across all 
scales in the as above, so below, principle of holograms. These and 
other famous recurring geometrical and mathematical sequences 
such as Phi, Pi, Golden Mean, Golden Ratio and Golden Section are 
computer codes of the simulation. I had to laugh and give my head a 
shake the day I finished this book and it went into the production 
stage. I was sent an article in Scientific American published in April, 
2021, with the headline ‘Confirmed! We Live in a Simulation’. Two 
decades after I first said our reality is a simulation and the speed of 
light is it’s outer limit the article suggested that we do live ina 
simulation and that the speed of light is its outer limit. I left school at 
15 and never passed a major exam in my life while the writer was up 
to his eyes in qualifications. As I will explain in the final chapter 
knowing is far better than thinking and they come from very different 
sources. The article rightly connected the speed of light to the 
processing speed of the ‘Matrix’ and said what has been in my books 
all this time ... ‘If we are in a simulation, as it appears, then space is 
an abstract property written in code. It is not real’. No it’s not and if 
we live in a simulation something created it and it wasn’t us. ‘That 
David Icke says we are manipulated by aliens’ — he’s crackers.’ 


The reality that humanity thinks is so real is an illusion. Politicians, 
governments, scientists, doctors, academics, law enforcement, 
media, school and university curriculums, on and on, are all 
founded on a world that does not exist except as a simulated prison 
cell. Is it such a stretch to accept that “Covid’ doesn’t exist when our 
entire ‘physical’ reality doesn’t exist? Revealed here is the 
knowledge kept under raps in the Cult networks of 
compartmentalised secrecy to control humanity’s sense of reality by 
inducing the population to believe in a reality that’s not real. If it 
wasn’t so tragic in its experiential consequences the whole thing 
would be hysterically funny. None of this is new to Renegade Minds. 
Ancient Greek philosopher Plato (about 428 to about 347BC) was a 
major influence on Gnostic belief and he described the human plight 
thousands of years ago with his Allegory of the Cave. He told the 
symbolic story of prisoners living in a cave who had never been 
outside. They were chained and could only see one wall of the cave 
while behind them was a fire that they could not see. Figures walked 
past the fire casting shadows on the prisoners’ wall and those 
moving shadows became their sense of reality. Some prisoners began 
to study the shadows and were considered experts on them (today’s 
academics and scientists), but what they studied was only an illusion 
(today’s academics and scientists). A prisoner escaped from the cave 
and saw reality as it really is. When he returned to report this 
revelation they didn’t believe him, called him mad and threatened to 
kill him if he tried to set them free. Plato’s tale is not only a brilliant 
analogy of the human plight and our illusory reality. It describes, 
too, the dynamics of the ‘Covid’ hoax. I have only skimmed the 
surface of these subjects here. The aim of this book is to crisply 
connect all essential dots to put what is happening today into its true 
context. All subject areas and their connections in this chapter are 
covered in great evidential detail in Everything You Need To Know, 
But Have Never Been Told and The Answer. 


They say that bewildered people ‘can’t see the forest for the trees’. 
Humanity, however, can’t see the forest for the twigs. The five senses 


see only twigs while Renegade Minds can see the forest and it’s the 
forest where the answers lie with the connections that reveals. 
Breaking free of perceptual programming so the forest can be seen is 
the way we turn all this around. Not breaking free is how humanity 
got into this mess. The situation may seem hopeless, but I promise 
you it’s not. We are a perceptual heartbeat from paradise if only we 
knew. 


CHAPTER TWELVE 
Escaping Wetiko 


Life is simply a vacation from the infinite 
Dean Cavanagh 


enegade Minds weave the web of life and events and see 

common themes in the apparently random. They are always 
there if you look for them and their pursuit is aided by incredible 
synchronicity that comes when your mind is open rather than 
mesmerised by what it thinks it can see. 


Infinite awareness is infinite possibility and the more of infinite 
possibility that we access the more becomes infinitely possible. That 
may be stating the apparently obvious, but it is a devastatingly- 
powerful fact that can set us free. We are a point of attention within 
an infinity of consciousness. The question is how much of that 
infinity do we choose to access? How much knowledge, insight, 
awareness, wisdom, do we want to connect with and explore? If 
your focus is only in the five senses you will be influenced by a 
fraction of infinite awareness. I mean a range so tiny that it gives 
new meaning to infinitesimal. Limitation of self-identity and a sense 
of the possible limit accordingly your range of consciousness. We are 
what we think we are. Life is what we think it is. The dream is the 
dreamer and the dreamer is the dream. Buddhist philosophy puts it 
this way: ‘As a thing is viewed, so it appears.” Most humans live in 
the realm of touch, taste, see, hear, and smell and that’s the limit of 
their sense of the possible and sense of self. Many will follow a 
religion and speak of a God in his heaven, but their lives are still 


dominated by the five senses in their perceptions and actions. The 
five senses become the arbiter of everything. When that happens all 
except a smear of infinity is sealed away from influence by the rigid, 
unyielding, reality bubbles that are the five-sense human or 
Phantom Self. Archon Cult methodology is to isolate consciousness 
within five-sense reality — the simulation — and then program that 
consciousness with a sense of self and the world through a deluge of 
life-long information designed to instil the desired perception that 
allows global control. Efforts to do this have increased dramatically 
with identity politics as identity bubbles are squeezed into the 
minutiae of five-sense detail which disconnect people even more 
profoundly from the infinite ‘T’. 


Five-sense focus and self-identity are like a firewall that limits 
access to the infinite realms. You only perceive one radio or 
television station and no other. We’ll take that literally for a moment. 
Imagine a vast array of stations giving different information and 
angles on reality, but you only ever listen to one. Here we have the 
human plight in which the population is overwhelmingly confined 
to CultFM. This relates only to the frequency range of CultFM and 
limits perception and insight to that band — limits possibility to that 
band. It means you are connecting with an almost imperceptibly 
minuscule range of possibility and creative potential within the 
infinite Field. It’s a world where everything seems apart from 
everything else and where synchronicity is rare. Synchronicity is 
defined in the dictionary as ‘the happening by chance of two or more 
related or similar events at the same time’. Use of ‘by chance’ betrays 
a complete misunderstanding of reality. Synchronicity is not ‘by 
chance’. As people open their minds, or ‘awaken’ to use the term, 
they notice more and more coincidences in their lives, bits of ‘luck’, 
apparently miraculous happenings that put them in the right place 
at the right time with the right people. Days become peppered with 
‘fancy meeting you here’ and ‘what are the chances of that?” My 
entire life has been lived like this and ever more so since my own 
colossal awakening in 1990 and 91 which transformed my sense of 
reality. Synchronicity is not ‘by chance’; it is by accessing expanded 


realms of possibility which allow expanded potential for 
manifestation. People broadcasting the same vibe from the same 
openness of mind tend to be drawn ‘by chance’ to each other 
through what I call frequency magnetism and it’s not only people. In 
the last more than 30 years incredible synchronicity has also led me 
through the Cult maze to information in so many forms and to 
crucial personal experiences. These ‘coincidences’ have allowed me 
to put the puzzle pieces together across an enormous array of 
subjects and situations. Those who have breached the bubble of five- 
sense reality will know exactly what I mean and this escape from the 
perceptual prison cell is open to everyone whenever they make that 
choice. This may appear super-human when compared with the 
limitations of ‘human’, but it’s really our natural state. ‘Human’ as 
currently experienced is consciousness in an unnatural state of 
induced separation from the infinity of the whole. I’ll come to how 
this transformation into unity can be made when I have described in 
more detail the force that holds humanity in servitude by denying 
this access to infinite self. 


The Wetiko factor 


I have been talking and writing for decades about the way five-sense 
mind is systematically barricaded from expanded awareness. I have 
used the analogy of a computer (five-sense mind) and someone at 
the keyboard (expanded awareness). Interaction between the 
computer and the operator is symbolic of the interaction between 
five-sense mind and expanded awareness. The computer directly 
experiences the Internet and the operator experiences the Internet 
via the computer which is how it’s supposed to be — the two working 
as one. Archons seek to control that point where the operator 
connects with the computer to stop that interaction (Fig 20). Now the 
operator is banging the keyboard and clicking the mouse, but the 
computer is not responding and this happens when the computer is 
taken over — possessed — by an appropriately-named computer ‘virus’. 
The operator has lost all influence over the computer which goes its 
own way making decisions under the control of the ‘virus’. I have 


just described the dynamic through which the force known to 
Gnostics as Yaldabaoth and Archons disconnects five-sense mind 
from expanded awareness to imprison humanity in perceptual 
servitude. 
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Figure 20: The mind ‘virus’ | have been writing about for decades seeks to isolate five-sense 
mind (the computer) from the true ‘I’. (Image by Neil Hague). 


About a year ago I came across a Native American concept of 
Wetiko which describes precisely the same phenomenon. Wetiko is 
the spelling used by the Cree and there are other versions including 
wintiko and windigo used by other tribal groups. They spell the 
name with lower case, but I see Wetiko as a proper noun as with 
Archons and prefer a capital. I first saw an article about Wetiko by 
writer and researcher Paul Levy which so synced with what I had 
been writing about the computer/operator disconnection and later 
the Archons. I then read his book, the fascinating Dispelling Wetiko, 
Breaking the Spell of Evil. The parallels between what I had concluded 
long before and the Native American concept of Wetiko were so 
clear and obvious that it was almost funny. For Wetiko see the 
Gnostic Archons for sure and the Jinn, the Predators, and every 
other name for a force of evil, inversion and chaos. Wetiko is the 
Native American name for the force that divides the computer from 


the operator (Fig 21). Indigenous author Jack D. Forbes, a founder of 
the Native American movement in the 1960s, wrote another book 
about Wetiko entitled Columbus And Other Cannibals — The Wetiko 
Disease of Exploitation, Imperialism, and Terrorism which | also read. 
Forbes says that Wetiko refers to an evil person or spirit ‘who 
terrorizes other creatures by means of terrible acts, including 
cannibalism’. Zulu shaman Credo Mutwa told me that African 
accounts tell how cannibalism was brought into the world by the 
Chitauri ‘gods’ — another manifestation of Wetiko. The distinction 
between ‘evil person or spirit’ relates to Archons/Wetiko possessing 
a human or acting as pure consciousness. Wetiko is said to be a 
sickness of the soul or spirit and a state of being that takes but gives 
nothing back — the Cult and its operatives perfectly described. Black 
Hawk, a Native American war leader defending their lands from 
confiscation, said European invaders had ‘poisoned hearts’ — Wetiko 
hearts — and that this would spread to native societies. Mention of 
the heart is very significant as we shall shortly see. Forbes writes: 
‘Tragically, the history of the world for the past 2,000 years is, in 
ereat part, the story of the epidemiology of the wetiko disease.’ Yes, 
and much longer. Forbes is correct when he says: “The wetikos 
destroyed Egypt and Babylon and Athens and Rome and 
Tenochtitlan [capital of the Aztec empire] and perhaps now they will 
destroy the entire earth.’ Evil, he said, is the number one export of a 
Wetiko culture — see its globalisation with ‘Covid’. Constant war, 
mass murder, suffering of all kinds, child abuse, Satanism, torture 
and human sacrifice are all expressions of Wetiko and the Wetiko 
possessed. The world is Wetiko made manifest, but it doesn’t have to 
be. There is a way out of this even now. 


Figure 21: The mind ‘virus’ is known to Native Americans as ‘Wetiko’. (Image by Neil Hague). 


Wetiko is the Yaldabaoth frequency distortion that seeks to attach to 
human consciousness and absorb it into its own. Once this 
connection is made Wetiko can drive the perceptions of the target 
which they believe to be coming from their own mind. All the 
horrors of history and today from mass killers to Satanists, 
paedophiles like Jeffrey Epstein and other psychopaths, are the 
embodiment of Wetiko and express its state of being in all its 
erotesqueness. The Cult is Wetiko incarnate, Yaldabaoth incarnate, 
and it seeks to facilitate Wetiko assimilation of humanity in totality 
into its distortion by manipulating the population into low 
frequency states that match its own. Paul Levy writes: 
‘Holographically enforced within the psyche of every human being 
the wetiko virus pervades and underlies the entire field of 
consciousness, and can therefore potentially manifest through any 
one of us at any moment if we are not mindful.’ The ‘Covid’ hoax 
has achieved this with many people, but others have not fallen into 
Wetiko’s frequency lair. Players in the ‘Covid’ human catastrophe 
including Gates, Schwab, Tedros, Fauci, Whitty, Vallance, Johnson, 
Hancock, Ferguson, Drosten, and all the rest, including the 
psychopath psychologists, are expressions of Wetiko. This is why 


they have no compassion or empathy and no emotional consequence 
for what they do that would make them stop doing it. Observe all 
the people who support the psychopaths in authority against the 
Pushbackers despite the damaging impact the psychopaths have on 
their own lives and their family’s lives. You are again looking at 
Wetiko possession which prevents them seeing through the lies to 
the obvious scam going on. Why can’t they see it? Wetiko won't let 
them see it. The perceptual divide that has now become a chasm is 
between the Wetikoed and the non-Wetikoed. 


Paul Levy describes Wetiko in the same way that I have long 
described the Archontic force. They are the same distorted 
consciousness operating across dimensions of reality: ‘... the subtle 
body of wetiko is not located in the third dimension of space and 
time, literally existing in another dimension ... it is able to affect 
ordinary lives by mysteriously interpenetrating into our three- 
dimensional world.’ Wetiko does this through its incarnate 
representatives in the Cult and by weaving itself into The Field 
which on our level of reality is the electromagnetic information field 
of the simulation or Matrix. More than that, the simulation is Wetiko 
/ Yaldabaoth. Caleb Scharf, Director of Astrobiology at Columbia 
University, has speculated that ‘alien life’ could be so advanced that 
it has transcribed itself into the quantum realm to become what we 
call physics. He said intelligence indistinguishable from the fabric of 
the Universe would solve many of its greatest mysteries: 


Perhaps hyper-advanced life isn’t just external. Perhaps it’s already all around. It is embedded 
in what we perceive to be physics itself, from the root behaviour of particles and fields to the 
phenomena of complexity and emergence ... In other words, life might not just be in the 
equations. It might BE the equations [My emphasis]. 


Scharf said it is possible that ‘we don’t recognise advanced life 
because it forms an integral and unsuspicious part of what we’ve 
considered to be the natural world’. I agree. Wetiko/Yaldabaoth is the 
simulation. We are literally in the body of the beast. But that doesn’t 
mean it has to control us. We all have the power to overcome Wetiko 


influence and the Cult knows that. I doubt it sleeps too well because 
it knows that. 


This, I suggest, is how it all works. There are two Fields. One is the 
fierce electromagnetic light of the Matrix within the speed of light; 
the other is the ‘watery light’ of The Field beyond the walls of the 
Matrix that connects with the Great Infinity. Five-sense mind and the 
decoding systems of the body attach us to the Field of Matrix light. 
They have to or we could not experience this reality. Five-sense mind 
sees only the Matrix Field of information while our expanded 
consciousness is part of the Infinity Field. When we open our minds, 
and most importantly our hearts, to the Infinity Field we have a 
mission control which gives us an expanded perspective, a road 
map, to understand the nature of the five-sense world. If we are 
isolated only in five-sense mind there is no mission control. We’re on 
our own trying to understand a world that’s constantly feeding us 
information to ensure we do not understand. People in this state can 
feel ‘lost’ and bewildered with no direction or radar. You can see 
ever more clearly those who are influenced by the Fields of Big 
Infinity or little five-sense mind simply by their views and behaviour 
with regard to the ‘Covid’ hoax. We have had this division 
throughout known human history with the mass of the people on 
one side and individuals who could see and intuit beyond the walls 
of the simulation — Plato’s prisoner who broke out of the cave and 
saw reality for what it is. Such people have always been targeted by 
Wetiko/Archon-possessed authority, burned at the stake or 
demonised as mad, bad and dangerous. The Cult today and its 
global network of ‘anti-hate’, ‘anti-fascist’ Woke groups are all 
expressions of Wetiko attacking those exposing the conspiracy, 
‘Covid’ lies and the ‘vaccine’ agenda. 

Woke as a whole is Wetiko which explains its black and white 
mentality and how at one it is with the Wetiko-possessed Cult. Paul 
Levy said: ‘To be in this paradigm is to still be under the thrall of a 
two-valued logic — where things are either true or false — of a 


wetikoized mind.’ Wetiko consciousness is in a permanent rage, 
therefore so is Woke, and then there is Woke inversion and 
contradiction. ‘Anti-fascists’ act like fascists because fascists and ‘anti- 
fascists’ are both Wetiko at work. Political parties act the same while 
claiming to be different for the same reason. Secret society and 
satanic rituals are attaching initiates to Wetiko and the cold, ruthless, 
psychopathic mentality that secures the positions of power all over 
the world is Wetiko. Reframing ‘training programmes’ have the 
same cumulative effect of attaching Wetiko and we have their 
graduates described as automatons and robots with a cold, 
psychopathic, uncaring demeanour. They are all traits of Wetiko 
possession and look how many times they have been described in 
this book and elsewhere with regard to personnel behind ‘Covid’ 
including the police and medical profession. Climbing the greasy 
pole in any profession in a Wetiko society requires traits of Wetiko to 
get there and that is particularly true of politics which is not about 
fair competition and pre-eminence of ideas. It is founded on how 
many backs you can stab and arses you can lick. This culminated in 
the global ‘Covid’ coordination between the Wetiko possessed who 
pulled it off in all the different countries without a trace of empathy 
and compassion for their impact on humans. Our sight sense can see 
only holographic form and not the Field which connects holographic 
form. Therefore we perceive ‘physical’ objects with ‘space’ in 
between. In fact that ‘space’ is energy/consciousness operating on 
multiple frequencies. One of them is Wetiko and that connects the 
Cult psychopaths, those who submit to the psychopaths, and those 
who serve the psychopaths in the media operations of the world. 
Wetiko is Gates. Wetiko is the mask-wearing submissive. Wetiko is 
the fake journalist and “‘fact-checker’. The Wetiko Field is 
coordinating the whole thing. Psychopaths, gofers, media 
operatives, ‘anti-hate’ hate groups, ‘fact-checkers’ and submissive 
people work as one unit even without human coordination because they 
are attached to the same Field which is organising it all (Fig 22). Paul 
Levy is here describing how Wetiko-possessed people are drawn 
together and refuse to let any information breach their rigid 


perceptions. He was writing long before ‘Covid’, but I think you will 
recognise followers of the ‘Covid’ religion oh just a little bit: 


People who are channelling the vibratory frequency of wetiko align with each other through 
psychic resonance to reinforce their unspoken shared agreement so as to uphold their 
deranged view of reality. Once an unconscious content takes possession of certain 
individuals, it irresistibly draws them together by mutual attraction and knits them into groups 
tied together by their shared madness that can easily swell into an avalanche of insanity. 


A psychic epidemic is a closed system, which is to say that it is insular and not open to any 
new information or informing influences from the outside world which contradict its fixed, 
limited, and limiting perspective. 


There we have the Woke mind and the ‘Covid’ mind. Compatible 
resonance draws the awakening together, too, which is clearly 
happening today. 


THE WETIKO FIELD 


WETIKO MANIPULATION 
OF THE ENERGETIC 
WAVEFIELD 


Figure 22: The Wetiko Field from which the Cult pyramid and its personnel are made 
manifest. (Image by Neil Hague). 


Wetiko doesn’t care about humans. It’s not human; it just possesses 
humans for its own ends and the effect (depending on the scale of 


possession) can be anything from extreme psychopathy to 
unquestioning obedience. Wetiko’s worst nightmare is for human 
consciousness to expand beyond the simulation. Everything is 
focussed on stopping that happening through control of 
information, thus perception, thus frequency. The ‘education 
system’, media, science, medicine, academia, are all geared to 
maintaining humanity in five-sense servitude as is the constant 
stimulation of low-vibrational mental and emotional states (see 
‘Covid’). Wetiko seeks to dominate those subconscious spaces 
between five-sense perception and expanded consciousness where 
the computer meets the operator. From these subconscious hiding 
places Wetiko speaks to us to trigger urges and desires that we take 
to be our own and manipulate us into anything from low-vibrational 
to psychopathic states. Remember how Islam describes the Jinn as 
invisible tricksters that ‘whisper’ and confuse. Wetiko is the origin of 
the ‘trickster god’ theme that you find in cultures all over the world. 
Jinn, like the Archons, are Wetiko which is terrified of humans 
awakening and reconnecting with our true self for then its energy 
source has gone. With that the feedback loop breaks between Wetiko 
and human perception that provides the energetic momentum on 
which its very existence depends as a force of evil. Humans are both 
its target and its source of survival, but only if we are operating in 
low-vibrational states of fear, hate, depression and the background 
anxiety that most people suffer. We are Wetiko’s target because we 
are its key to survival. It needs us, not the other way round. Paul 
Levy writes: 


A vampire has no intrinsic, independent, substantial existence in its own right; it only exists in 
relation to us. The pathogenic, vampiric mind-parasite called wetiko is nothing in itself — not 
being able to exist from its own side — yet it has a ‘virtual reality’ such that it can potentially 
destroy our species ... 


... The fact that a vampire is not reflected by a mirror can also mean that what we need to see 
is that there’s nothing, no-thing to see, other than ourselves. The fact that wetiko is the 
expression of something inside of us means that the cure for wetiko is with us as well. The 
critical issue is finding this cure within us and then putting it into effect. 


Evil begets evil because if evil does not constantly expand and 
find new sources of energetic sustenance its evil, its distortion, dies 
with the assimilation into balance and harmony. Love is the garlic to 
Wetiko’s vampire. Evil, the absence of love, cannot exist in the 
presence of love. I think I see a way out of here. I have emphasised 
so many times over the decades that the Archons/Wetiko and their 
Cult are not all powerful. They are not. I don’t care how it looks even 
now they are not. I have not called them little boys in short trousers 
for effect. I have said it because it is true. Wetiko’s insatiable desire 
for power over others is not a sign of its omnipotence, but its 
insecurity. Paul Levy writes: “Due to the primal fear which 
ultimately drives it and which it is driven to cultivate, wetiko’s body 
politic has an intrinsic and insistent need for centralising power and 
control so as to create imagined safety for itself.’ Yeeeeeees! Exactly! 
Why does Wetiko want humans in an ongoing state of fear? Wetiko 
itself is fear and it is petrified of love. As evil is an absence of love, so 
love is an absence of fear. Love conquers all and especially Wetiko 
which is fear. Wetiko brought fear into the world when it wasn’t here 
before. Fear was the ‘fall’, the fall into low-frequency ignorance and 
illusion — fear is False Emotion Appearing Real. The simulation is 
driven and energised by fear because Wetiko/Yaldabaoth (fear) are 
the simulation. Fear is the absence of love and Wetiko is the absence 
of love. 


We can now view current events from this level of perspective. The 
‘Covid’ hoax has generated momentous amounts of ongoing fear, 
anxiety, depression and despair which have empowered Wetiko. No 
wonder people like Gates have been the instigators when they are 
Wetiko incarnate and exhibit every trait of Wetiko in the extreme. 
See how cold and unemotional these people are like Gates and his 
cronies, how dead of eye they are. That’s Wetiko. Sabbatians are 
Wetiko and everything they control including the World Health 
Organization, Big Pharma and the ‘vaccine’ makers, national ‘health’ 


hierarchies, corporate media, Silicon Valley, the banking system, and 
the United Nations with its planned transformation into world 
government. All are controlled and possessed by the Wetiko 
distortion into distorting human society in its image. We are with 
this knowledge at the gateway to understanding the world. 
Divisions of race, culture, creed and sexuality are diversions to hide 
the real division between those possessed and influenced by Wetiko 
and those that are not. The ‘Covid’ hoax has brought both clearly 
into view. Human behaviour is not about race. Tyrants and 
dictatorships come in all colours and creeds. What unites the US 
president bombing the innocent and an African tribe committing 
genocide against another as in Rwanda? What unites them? Wetiko. 
All wars are Wetiko, all genocide is Wetiko, all hunger over centuries 
in a world of plenty is Wetiko. Children going to bed hungry, 
including in the West, is Wetiko. Cult-generated Woke racial 
divisions that focus on the body are designed to obscure the reality 
that divisions in behaviour are manifestations of mind, not body. 
Obsession with body identity and group judgement is a means to 
divert attention from the real source of behaviour — mind and 
perception. Conflict sown by the Woke both within themselves and 
with their target groups are Wetiko providing lunch for itself 
through still more agents of the division, chaos, and fear on which it 
feeds. The Cult is seeking to assimilate the entirety of humanity and 
all children and young people into the Wetiko frequency by 
manipulating them into states of fear and despair. Witness all the 
suicide and psychological unravelling since the spring of 2020. 
Wetiko psychopaths want to impose a state of unquestioning 
obedience to authority which is no more than a conduit for Wetiko to 
enforce its will and assimilate humanity into itself. It needs us to 
believe that resistance is futile when it fears resistance and even 
more so the game-changing non-cooperation with its impositions. It 
can use violent resistance for its benefit. Violent impositions and 
violent resistance are both Wetiko. The Power of Love with its Power 
of No will sweep Wetiko from our world. Wetiko and its Cult know 
that. They just don’t want us to know. 


This brings me to AI or artificial intelligence and something else 
Wetikos don’t want us to know. What is AI really? I know about 
computer code algorithms and AI that learns from data input. These, 
however, are more diversions, the expeditionary force, for the real Al 
that they want to connect to the human brain as promoted by Silicon 
Valley Wetikos like Kurzweil. What is this AI? It is the frequency of 
Wetiko, the frequency of the Archons. The connection of AI to the 
human brain is the connection of the Wetiko frequency to create a 
Wetiko hive mind and complete the job of assimilation. The hive 
mind is planned to be controlled from Israel and China which are 
both 100 percent owned by Wetiko Sabbatians. The assimilation 
process has been going on minute by minute in the ‘smart’ era which 
fused with the ‘Covid’ era. We are told that social media is 
scrambling the minds of the young and changing their personality. 
This is true, but what is social media? Look more deeply at how it 
works, how it creates divisions and conflict, the hostility and cruelty, 
the targeting of people until they are destroyed. That’s Wetiko. Social 
media is manipulated to tune people to the Wetiko frequency with 
all the emotional exploitation tricks employed by platforms like 
Facebook and its Wetiko front man, Zuckerberg. Facebook’s 
Instagram announced a new platform for children to overcome a 
legal bar on them using the main site. This is more Wetiko 
exploitation and manipulation of kids. Amnesty International 
likened the plan to foxes offering to guard the henhouse and said it 
was incompatible with human rights. Since when did Wetiko or 
Zuckerberg (I repeat myself) care about that? Would Brin and Page 
at Google, Wojcicki at YouTube, Bezos at Amazon and whoever the 
hell runs Twitter act as they do if they were not channelling Wetiko? 
Would those who are developing technologies for no other reason 
than human control? How about those designing and selling 
technologies to kill people and Big Pharma drug and ‘vaccine’ 
producers who know they will end or devastate lives? Quite a 
thought for these people to consider is that if you are Wetiko in a 
human life you are Wetiko on the ‘other side’ unless your frequency 


changes and that can only change by a change of perception which 
becomes a change of behaviour. Where Gates is going does not bear 
thinking about although perhaps that’s exactly where he wants to go. 
Either way, that’s where he’s going. His frequency will make it so. 


The frequency lair 

I have been saying for a long time that a big part of the addiction to 
smartphones and devices is that a frequency is coming off them that 
entraps the mind. People spend ages on their phones and sometimes 
even a minute or so after they put them down they pick them up 
again and it all repeats. ‘Covid’ lockdowns will have increased this 
addiction a million times for obvious reasons. Addictions to alcohol 
overindulgence and drugs are another way that Wetiko entraps 
consciousness to attach to its own. Both are symptoms of low- 
vibrational psychological distress which alcoholism and drug 
addiction further compound. Do we think it’s really a coincidence 
that access to them is made so easy while potions that can take 
people into realms beyond the simulation are banned and illegal? I 
have explored smartphone addiction in other books, the scale is 
mind-blowing, and that level of addiction does not come without 
help. Tech companies that make these phones are Wetiko and they 
will have no qualms about destroying the minds of children. We are 
seeing again with these companies the Wetiko perceptual 
combination of psychopathic enforcers and weak and meek 
unquestioning compliance by the rank and file. 

The global Smart Grid is the Wetiko Grid and it is crucial to 
complete the Cult endgame. The simulation is radiation and we are 
being deluged with technological radiation on a devastating scale. 
Wetiko frauds like Elon Musk serve Cult interests while occasionally 
criticising them to maintain his street-cred. 5G and other forms of 
Wi-Fi are being directed at the earth from space on a volume and 
scale that goes on increasing by the day. Elon Musk’s (officially) 
SpaceX Starlink project is in the process of putting tens of thousands 
of satellites in low orbit to cover every inch of the planet with 5G 
and other Wi-Fi to create Kurzweil’s global ‘cloud’ to which the 


human mind is planned to be attached very soon. SpaceX has 
approval to operate 12,000 satellites with more than 1,300 launched 
at the time of writing and applications filed for 30,000 more. Other 
operators in the Wi-Fi, 5G, low-orbit satellite market include 
OneWeb (UK), Telesat (Canada), and AST & Science (US). Musk tells 
us that AI could be the end of humanity and then launches a 
company called Neuralink to connect the human brain to computers. 
Musk’s (in theory) Tesla company is building electric cars and the 
driverless vehicles of the smart control grid. As frauds and 
bullshitters go Elon Musk in my opinion is Major League. 


5G and technological radiation in general are destructive to 
human health, genetics and psychology and increasing the strength 
of artificial radiation underpins the five-sense perceptual bubbles 
which are themselves expressions of radiation or electromagnetism. 
Freedom activist John Whitehead was so right with his ‘databit by 
databit, we are building our own electronic concentration camps’. 
The Smart Grid and 5G is a means to control the human mind and 
infuse perceptual information into The Field to influence anyone in 
sync with its frequency. You can change perception and behaviour 
en masse if you can manipulate the population into those levels of 
frequency and this is happening all around us today. The arrogance 
of Musk and his fellow Cult operatives knows no bounds in the way 
that we see with Gates. Musk’s satellites are so many in number 
already they are changing the night sky when viewed from Earth. 
The astronomy community has complained about this and they have 
seen nothing yet. Some consequences of Musk’s Wetiko hubris 
include: Radiation; visible pollution of the night sky; interference 
with astronomy and meteorology; ground and water pollution from 
intensive use of increasingly many spaceports; accumulating space 
debris; continual deorbiting and burning up of aging satellites, 
polluting the atmosphere with toxic dust and smoke; and ever- 
increasing likelihood of collisions. A collective public open letter of 
complaint to Musk said: 


We are writing to you ... because SpaceX is in process of surrounding the Earth with a 
network of thousands of satellites whose very purpose is to irradiate every square inch of the 


Earth. SpaceX, like everyone else, is treating the radiation as if it were not there. As if the 
mitochondria in our cells do not depend on electrons moving undisturbed from the food we 
digest to the oxygen we breathe. 


As if our nervous systems and our hearts are not subject to radio frequency interference like 
any piece of electronic equipment. As if the cancer, diabetes, and heart disease that now 
afflict a majority of the Earth’s population are not metabolic diseases that result from 
interference with our cellular machinery. As if insects everywhere, and the birds and animals 
that eat them, are not starving to death as a result. 


People like Musk and Gates believe in their limitless Wetiko 
arrogance that they can do whatever they like to the world because 
they own it. Consequences for humanity are irrelevant. It’s 
absolutely time that we stopped taking this shit from these self- 
styled masters of the Earth when you consider where this is going. 


Why is the Cult so anti-human? 

I hear this question often: Why would they do this when it will affect 
them, too? Ah, but will it? Who is this them? Forget their bodies. 
They are just vehicles for Wetiko consciousness. When you break it 
all down to the foundations we are looking at a state of severely 
distorted consciousness targeting another state of consciousness for 
assimilation. The rest is detail. The simulation is the fly-trap in 
which unique sensations of the five senses create a cycle of addiction 
called reincarnation. Renegade Minds see that everything which 
happens in our reality is a smaller version of the whole picture in 
line with the holographic principle. Addiction to the radiation of 
smart technology is a smaller version of addiction to the whole 
simulation. Connecting the body/brain to AI is taking that addiction 
on a giant step further to total ongoing control by assimilating 
human incarnate consciousness into Wetiko. I have watched during 
the ‘Covid’ hoax how many are becoming ever more profoundly 
attached to Wetiko’s perceptual calling cards of aggressive response 
to any other point of view (‘There is no other god but me’), 
psychopathic lack of compassion and empathy, and servile 
submission to the narrative and will of authority. Wetiko is the 
psychopaths and subservience to psychopaths. The Cult of Wetiko is 


so anti-human because it is not human. It embarked on a mission to 
destroy human by targeting everything that it means to be human 
and to survive as human. ‘Covid’ is not the end, just a means to an 
end. The Cult with its Wetiko consciousness is seeking to change 
Earth systems, including the atmosphere, to suit them, not humans. 
The gathering bombardment of 5G alone from ground and space is 
dramatically changing The Field with which the five senses interact. 
There is so much more to come if we sit on our hands and hope it 
will all go away. It is not meant to go away. It is meant to get ever 
more extreme and we need to face that while we still can — just. 


Carbon dioxide is the gas of life. Without that human is over. 
Kaput, gone, history. No natural world, no human. The Cult has 
created a cock and bull story about carbon dioxide and climate 
change to justify its reduction to the point where Gates and the 
ignoramus Biden ‘climate chief’ John Kerry want to suck it out of the 
atmosphere. Kerry wants to do this because his master Gates does. 
Wetikos have made the gas of life a demon with the usual support 
from the Wokers of Extinction Rebellion and similar organisations 
and the bewildered puppet-child that is Greta Thunberg who was 
put on the world stage by Klaus Schwab and the World Economic 
Forum. The name Extinction Rebellion is both ironic and as always 
Wetiko inversion. The gas that we need to survive must be reduced 
to save us from extinction. The most basic need of human is oxygen 
and we now have billions walking around in face nappies depriving 
body and brain of this essential requirement of human existence. 
More than that 5G at 60 gigahertz interacts with the oxygen 
molecule to reduce the amount of oxygen the body can absorb into 
the bloodstream. The obvious knock-on consequences of that for 
respiratory and cognitive problems and life itself need no further 
explanation. Psychopaths like Musk are assembling a global system 
of satellites to deluge the human atmosphere with this insanity. The 
man should be in jail. Here we have two most basic of human needs, 
oxygen and carbon dioxide, being dismantled. 


Two others, water and food, are getting similar treatment with the 
United Nations Agendas 21 and 2030 — the Great Reset — planning to 


centrally control all water and food supplies. People will not even 
own rain water that falls on their land. Food is affected at the most 
basic level by reducing carbon dioxide. We have genetic modification 
or GMO infiltrating the food chain on a mass scale, pesticides and 
herbicides polluting the air and destroying the soil. Freshwater fish 
that provide livelihoods for 60 million people and feed hundreds of 
millions worldwide are being ‘pushed to the brink’ according the 
conservationists while climate change is the only focus. Now we 
have Gates and Schwab wanting to dispense with current food 
sources all together and replace them with a synthetic version which 
the Wetiko Cult would control in terms of production and who eats 
and who doesn’t. We have been on the Totalitarian Tiptoe to this for 
more than 60 years as food has become ever more processed and full 
of chemical shite to the point today when it’s not natural food at all. 
As Dr Tom Cowan says: ‘If it has a label don’t eat it.’ Bill Gates is 
now the biggest owner of farmland in the United States and he does 
nothing without an ulterior motive involving the Cult. Klaus Schwab 
wrote: ‘To feed the world in the next 50 years we will need to 
produce as much food as was produced in the last 10,000 years ... 
food security will only be achieved, however, if regulations on 
genetically modified foods are adapted to reflect the reality that gene 
editing offers a precise, efficient and safe method of improving 
crops.’ Liar. People and the world are being targeted with 
aluminium through vaccines, chemtrails, food, drink cans, and 
endless other sources when aluminium has been linked to many 
health issues including dementia which is increasing year after year. 
Insects, bees and wildlife essential to the food chain are being 
deleted by pesticides, herbicides and radiation which 5G is 
dramatically increasing with 6G and 7G to come. The pollinating bee 
population is being devastated while wildlife including birds, 
dolphins and whales are having their natural radar blocked by the 
effects of ever-increasing radiation. In the summer windscreens used 
to be splattered with insects so numerous were they. It doesn’t 
happen now. Where have they gone? 


Synthetic everything 

The Cult is introducing genetically-modified versions of trees, plants 
and insects including a Gates-funded project to unleash hundreds of 
millions of genetically-modified, lab-altered and patented male 
mosquitoes to mate with wild mosquitoes and induce genetic flaws 
that cause them to die out. Clinically-insane Gates-funded Japanese 
researchers have developed mosquitos that spread vaccine and are 
dubbed ‘flying vaccinators’. Gates is funding the modification of 
weather patterns in part to sell the myth that this is caused by carbon 
dioxide and he’s funding geoengineering of the skies to change the 
atmosphere. Some of this came to light with the Gates-backed plan 
to release tonnes of chalk into the atmosphere to ‘deflect the Sun and 
cool the planet’. Funny how they do this while the heating effect of 
the Sun is not factored into climate projections focussed on carbon 
dioxide. The reason is that they want to reduce carbon dioxide (so 
don’t mention the Sun), but at the same time they do want to reduce 
the impact of the Sun which is so essential to human life and health. 
I have mentioned the sun-cholesterol-vitamin D connection as they 
demonise the Sun with warnings about skin cancer (caused by the 
chemicals in sun cream they tell you to splash on). They come from 
the other end of the process with statin drugs to reduce cholesterol 
that turns sunlight into vitamin D. A lack of vitamin D leads to a 
long list of health effects and how vitamin D levels must have fallen 
with people confined to their homes over ‘Covid’. Gates is funding 
other forms of geoengineering and most importantly chemtrails 
which are dropping heavy metals, aluminium and self-replicating 
nanotechnology onto the Earth which is killing the natural world. 
See Everything You Need To Know, But Have Never Been Told for the 
detailed background to this. 

Every human system is being targeted for deletion by a force that’s 
not human. The Wetiko Cult has embarked on the process of 
transforming the human body from biological to synthetic biological 
as I have explained. Biological is being replaced by the artificial and 
synthetic — Archontic ‘countermimicry’ — right across human society. 
The plan eventually is to dispense with the human body altogether 


and absorb human consciousness — which it wouldn't really be by 
then — into cyberspace (the simulation which is Wetiko/Yaldabaoth). 
Preparations for that are already happening if people would care to 
look. The alternative media rightly warns about globalism and ‘the 
globalists’, but this is far bigger than that and represents the end of 
the human race as we know it. The ‘bad copy’ of prime reality that 
Gnostics describe was a bad copy of harmony, wonder and beauty to 
start with before Wetiko/Yaldabaoth set out to change the simulated 
‘copy’ into something very different. The process was slow to start 
with. Entrapped humans in the simulation timeline were not 
technologically aware and they had to be brought up to intellectual 
speed while being suppressed spiritually to the point where they 
could build their own prison while having no idea they were doing 
so. We have now reached that stage where technological intellect has 
the potential to destroy us and that’s why events are moving so fast. 
Central American shaman Don Juan Matus said: 


Think for a moment, and tell me how you would explain the contradictions between the 
intelligence of man the engineer and the stupidity of his systems of belief, or the stupidity of 
his contradictory behaviour. Sorcerers believe that the predators have given us our systems of 
beliefs, our ideas of good and evil; our social mores. They are the ones who set up our dreams 
of success or failure. They have given us covetousness, greed, and cowardice. It is the 
predator who makes us complacent, routinary, and egomaniacal. 


In order to keep us obedient and meek and weak, the predators engaged themselves in a 
stupendous manoeuvre — stupendous, of course, from the point of view of a fighting strategist; 
a horrendous manoeuvre from the point of those who suffer it. They gave us their mind. The 
predators’ mind is baroque, contradictory, morose, filled with the fear of being discovered any 
minute now. 


For ‘predators’ see Wetiko, Archons, Yaldabaoth, Jinn, and all the 
other versions of the same phenomenon in cultures and religions all 
over the world. The theme is always the same because it’s true and 
it’s real. We have reached the point where we have to deal with it. 
The question is — how? 


I thought I’d use a controversial subheading to get things moving in 
terms of our response to global fascism. What do you mean ‘don’t 
fight’? What do you mean ‘walk away’? We've got to fight. We can’t 
walk away. Well, it depends what we mean by fight and walk away. 
If fighting means physical combat we are playing Wetiko’s game and 
falling for its trap. It wants us to get angry, aggressive, and direct 
hate and hostility at the enemy we think we must fight. Every war, 
every battle, every conflict, has been fought with Wetiko leading 
both sides. It’s what it does. Wetiko wants a fight, anywhere, any 
place. Just hit me, son, so I can hit you back. Wetiko hits Wetiko and 
Wetiko hits Wetiko in return. Iam very forthright as you can see in 
exposing Wetikos of the Cult, but I don’t hate them. I refuse to hate 
them. It’s what they want. What you hate you become. What you 
fight you become. Wokers, ‘anti-haters’ and ‘anti-fascists’ prove this 
every time they reach for their keyboards or don their balaclavas. By 
walk away I mean to disengage from Wetiko which includes ceasing 
to cooperate with its tyranny. Paul Levy says of Wetiko: 


The way to ‘defeat’ evil is not to try to destroy it (for then, in playing evil’s game, we have 
already lost), but rather, to find the invulnerable place within ourselves where evil is unable to 
vanquish us — this is to truly ‘win’ our battle with evil. 


Wetiko is everywhere in human society and it’s been on steroids 
since the ‘Covid’ hoax. Every shouting match over wearing masks 
has Wetiko wearing a mask and Wetiko not wearing one. It’s an 
electrical circuit of push and resist, push and resist, with Wetiko 
pushing and resisting. Each polarity is Wetiko empowering itself. 
Dictionary definitions of ‘resist’ include ‘opposing, refusing to accept 
or comply with’ and the word to focus on is ‘opposing’. What form 
does this take — setting police cars alight or ‘refusing to accept or 
comply with’? The former is Wetiko opposing Wetiko while the 
other points the way forward. This is the difference between those 
aggressively demanding that government fascism must be obeyed 
who stand in stark contrast to the great majority of Pushbackers. We 
saw this clearly with a march by thousands of Pushbackers against 
lockdown in London followed days later by a Woker-hijacked 


protest in Bristol in which police cars were set on fire. Masks were 
virtually absent in London and widespread in Bristol. Wetiko wants 
lockdown on every level of society and infuses its aggression to 
police it through its unknowing stooges. Lockdown protesters are 
the ones with the smiling faces and the hugs, The two blatantly 
obvious states of being — getting more obvious by the day — are the 
result of Wokers and their like becoming ever more influenced by 
the simulation Field of Wetiko and Pushbackers ever more 
influenced by The Field of a far higher vibration beyond the 
simulation. Wetiko can’t invade the heart which is where most 
lockdown opponents are coming from. It’s the heart that allows them 
to see through the lies to the truth in ways I will be highlighting. 


Renegade Minds know that calmness is the place from which 
wisdom comes. You won’t find wisdom in a hissing fit and wisdom 
is what we need in abundance right now. Calmness is not weakness 
— you don’t have to scream at the top of your voice to be strong. 
Calmness is indeed a sign of strength. ‘No’ means I’m not doing it. 
NOOOO!!! doesn’t mean you're not doing it even more. Volume 
does not advance ‘No — I’m not doing it’. You are just not doing it. 
Wetiko possessed and influenced don’t know how to deal with that. 
Wetiko wants a fight and we should not give it one. What it needs 
more than anything is our cooperation and we should not give that 
either. Mass rallies and marches are great in that they are a visual 
representation of feeling, but if it ends there they are irrelevant. You 
demand that Wetikos act differently? Well, they’re not going to are 
they? They are Wetikos. We don’t need to waste our time demanding 
that something doesn’t happen when that will make no difference. 
We need to delete the means that allows it to happen. This, invariably, 
is our cooperation. You can demand a child stop firing a peashooter 
at the dog or you can refuse to buy the peashooter. If you provide 
the means you are cooperating with the dog being smacked on the 
nose with a pea. How can the authorities enforce mask-wearing if 
millions in a country refuse? What if the 74 million Pushbackers that 
voted for Trump in 2020 refused to wear masks, close their 
businesses or stay in their homes. It would be unenforceable. The 


few control the many through the compliance of the many and that’s 
always been the dynamic be it ‘Covid’ regulations or the Roman 
Empire. I know people can find it intimidating to say no to authority 
or stand out in a crowd for being the only one with a face on display; 
but it has to be done or it’s over. I hope I’ve made clear in this book 
that where this is going will be far more intimidating than standing 
up now and saying ‘No’ — I will not cooperate with my own 
enslavement and that of my children. There might be consequences 
for some initially, although not so if enough do the same. The 
question that must be addressed is what is going to happen if we 
don’t? It is time to be strong and unyieldingly so. No means no. Not 
here and there, but everywhere and always. I have refused to wear a 
mask and obey all the other nonsense. I will not comply with 
tyranny. I repeat: Fascism is not imposed by fascists — there are never 
enough of them. Fascism is imposed by the population acquiescing 
to fascism. I will not do it. I will die first, or my body will. Living 
meekly under fascism is a form of death anyway, the death of the 
spirit that Martin Luther King described. 


Making things happen 

We must not despair. This is not over till it’s over and it’s far from 
that. The ‘fat lady’ must refuse to sing. The longer the ‘Covid’ hoax 
has dragged on and impacted on more lives we have seen an 
awakening of phenomenal numbers of people worldwide to the 
realisation that what they have believed all their lives is not how the 
world really is. Research published by the system-serving University 
of Bristol and King’s College London in February, 2021, concluded: 
‘One in every 11 people in Britain say they trust David Icke’s take on 
the coronavirus pandemic.’ It will be more by now and we have 
gathering numbers to build on. We must urgently progress from 
seeing the scam to ceasing to cooperate with it. Prominent German 
lawyer Reiner Fuellmich, also licenced to practice law in America, is 
doing a magnificent job taking the legal route to bring the 
psychopaths to justice through a second Nuremberg tribunal for 
crimes against humanity. Fuellmich has an impressive record of 


beating the elite in court and he formed the German Corona 
Investigative Committee to pursue civil charges against the main 
perpetrators with a view to triggering criminal charges. Most 
importantly he has grasped the foundation of the hoax — the PCR 
test not testing for the ‘virus’ — and Christian Drosten is therefore on 
his charge sheet along with Gates frontman Tedros at the World 
Health Organization. Major players must be not be allowed to inflict 
their horrors on the human race without being brought to book. A 
life sentence must follow for Bill Gates and the rest of them. A group 
of researchers has also indicted the government of Norway for 
crimes against humanity with copies sent to the police and the 
International Criminal Court. The lawsuit cites participation in an 
internationally-planned false pandemic and violation of 
international law and human rights, the European Commission’s 
definition of human rights by coercive rules, Nuremberg and Hague 
rules on fundamental human rights, and the Norwegian 
constitution. We must take the initiative from hereon and not just 
complain, protest and react. 


There are practical ways to support vital mass non-cooperation. 
Organising in numbers is one. Lockdown marches in London in the 
spring in 2021 were mass non-cooperation that the authorities could 
not stop. There were too many people. Hundreds of thousands 
walked the London streets in the centre of the road for mile after 
mile while the Face-Nappies could only look on. They were 
determined, but calm, and just did it with no histrionics and lots of 
smiles. The police were impotent. Others are organising group 
shopping without masks for mutual support and imagine if that was 
happening all over. Policing it would be impossible. If the store 
refuses to serve people in these circumstances they would be faced 
with a long line of trolleys full of goods standing on their own and 
everything would have to be returned to the shelves. How would 
they cope with that if it kept happening? I am talking here about 
moving on from complaining to being pro-active; from watching 
things happen to making things happen. I include in this our 
relationship with the police. The behaviour of many Face-Nappies 


has been disgraceful and anyone who thinks they would never find 
concentration camp guards in the ‘enlightened’ modern era have 
had that myth busted big-time. The period and setting may change — 
Wetikos never do. I watched film footage from a London march in 
which a police thug viciously kicked a protestor on the floor who 
had done nothing. His fellow Face-Nappies stood in a ring 
protecting him. What he did was a criminal assault and with a 
crowd far outnumbering the police this can no longer be allowed to 
happen unchallenged. I get it when people chant ‘shame on you’ in 
these circumstances, but that is no longer enough. They have no 
shame those who do this. Crowds needs to start making a citizen’s 
arrest of the police who commit criminal offences and brutally attack 
innocent people and defenceless women. A citizen’s arrest can be 
made under section 24A of the UK Police and Criminal Evidence 
(PACE) Act of 1984 and you will find something similar in other 
countries. I prefer to call it a Common Law arrest rather than 
citizen’s for reasons I will come to shortly. Anyone can arrest a 
person committing an indictable offence or if they have reasonable 
grounds to suspect they are committing an indictable offence. On 
both counts the attack by the police thug would have fallen into this 
category. A citizen’s arrest can be made to stop someone: 


¢ Causing physical injury to himself or any other person 

e Suffering physical injury 

e Causing loss of or damage to property 

e Making off before a constable can assume responsibility for him 


A citizen’s arrest may also be made to prevent a breach of the 
peace under Common Law and if they believe a breach of the peace 
will happen or anything related to harm likely to be done or already 
done in their presence. This is the way to go I think — the Common 
Law version. If police know that the crowd and members of the 
public will no longer be standing and watching while they commit 


their thuggery and crimes they will think twice about acting like 
Brownshirts and Blackshirts. 


Common Law — common sense 

Mention of Common Law is very important. Most people think the 
law is the law as in one law. This is not the case. There are two 
bodies of law, Common Law and Statute Law, and they are not the 
same. Common Law is founded on the simple premise of do no 
harm. It does not recognise victimless crimes in which no harm is 
done while Statute Law does. There is a Statute Law against almost 
everything. So what is Statute Law? Amazingly it’s the law of the sea 
that was brought ashore by the Cult to override the law of the land 
which is Common Law. They had no right to do this and as always 
they did it anyway. They had to. They could not impose their will on 
the people through Common Law which only applies to do no harm. 
How could you stitch up the fine detail of people’s lives with that? 
Instead they took the law of the sea, or Admiralty Law, and applied 
it to the population. Statute Law refers to all the laws spewing out of 
governments and their agencies including all the fascist laws and 
regulations relating to ‘Covid’. The key point to make is that Statute 
Law is contract law. It only applies between contracting corporations. 
Most police officers don’t even know this. They have to be kept in 
the dark, too. Long ago when merchants and their sailing ships 
began to trade with different countries a contractual law was 
developed called Admiralty Law and other names. Again it only 
applied to contracts agreed between corporate entities. If there is no 
agreed contract the law of the sea had no jurisdiction and that still 
applies to its new alias of Statute Law. The problem for the Cult when 
the law of the sea was brought ashore was an obvious one. People 
were not corporations and neither were government entities. To 
overcome the latter they made governments and all associated 
organisations corporations. All the institutions are private 
corporations and I mean governments and their agencies, local 
councils, police, courts, military, US states, the whole lot. Go to the 


Dun and Bradstreet corporate listings website for confirmation that 
they are all corporations. You are arrested by a private corporation 
called the police by someone who is really a private security guard 
and they take you to court which is another private corporation. 
Neither have jurisdiction over you unless you consent and contract 
with them. This is why you hear the mantra about law enforcement 
policing by consent of the people. In truth the people ‘consent’ only 
in theory through monumental trickery. 


Okay, the Cult overcame the corporate law problem by making 
governments and institutions corporate entities; but what about 
people? They are not corporations are they? Ah ... well in a sense, 
and only a sense, they are. Not people exactly — the illusion of 
people. The Cult creates a corporation in the name of everyone at the 
time that their birth certificate is issued. Note birth/ berth certificate 
and when you go to court under the law of the sea on land you stand 
in a dock. These are throwbacks to the origin. My Common Law 
name is David Vaughan Icke. The name of the corporation created 
by the government when I was born is called Mr David Vaughan 
Icke usually written in capitals as MR DAVID VAUGHAN ICKE. 
That is not me, the living, breathing man. It is a fictitious corporate 
entity. The trick is to make you think that David Vaughan Icke and 
MR DAVID VAUGHAN ICKE are the same thing. They are not. When 
police charge you and take you to court they are prosecuting the 
corporate entity and not the living, breathing, man or woman. They 
have to trick you into identifying as the corporate entity and 
contracting with them. Otherwise they have no jurisdiction. They do 
this through a language known as legalese. Lawful and legal are not 
the same either. Lawful relates to Common Law and legal relates to 
Statute Law. Legalese is the language of Statue Law which uses 
terms that mean one thing to the public and another in legalese. 
Notice that when a police officer tells someone why they are being 
charged he or she will say at the end: ‘Do you understand?’ To the 
public that means ‘Do you comprehend?’ In legalese it means ‘Do 
you stand under me?’ Do you stand under my authority? If you say 


yes to the question you are unknowingly agreeing to give them 
jurisdiction over you in a contract between two corporate entities. 


This is a confidence trick in every way. Contracts have to be agreed 
between informed parties and if you don’t know that David 
Vaughan Icke is agreeing to be the corporation MR DAVID 
VAUGHAN ICKE you cannot knowingly agree to contract. They are 
deceiving you and another way they do this is to ask for proof of 
identity. You usually show them a driving licence or other document 
on which your corporate name is written. In doing so you are 
accepting that you are that corporate entity when you are not. 
Referring to yourself as a ‘person’ or ‘citizen’ is also identifying with 
your corporate fiction which is why I made the Common Law point 
about the citizen’s arrest. If you are approached by a police officer 
you identify yourself immediately as a living, breathing, man or 
woman and say ‘I do not consent, I do not contract with you and I do 
not understand’ or stand under their authority. I have a Common 
Law birth certificate as a living man and these are available at no 
charge from commonlawcourt.com. Businesses registered under the 
Statute Law system means that its laws apply. There are, however, 
ways to run a business under Common Law. Remember all ‘Covid’ 
laws and regulations are Statute Law — the law of contracts and you 
do not have to contract. This doesn’t mean that you can kill someone 
and get away with it. Common Law says do no harm and that 
applies to physical harm, financial harm etc. Police are employees of 
private corporations and there needs to be a new system of non- 
corporate Common Law constables operating outside the Statute 
Law system. If you go to davidicke.com and put Common Law into 
the search engine you will find videos that explain Common Law in 
much greater detail. It is definitely a road we should walk. 


With all my heart 


I have heard people say that we are in a spiritual war. I don’t like the 
term ‘war’ with its Wetiko dynamic, but I know what they mean. 
Sweep aside all the bodily forms and we are in a situation in which 
two states of consciousness are seeking very different realities. 


Wetiko wants upheaval, chaos, fear, suffering, conflict and control. 
The other wants love, peace, harmony, fairness and freedom. That's 
where we are. We should not fall for the idea that Wetiko is all- 
powerful and there’s nothing we can do. Wetiko is not all-powerful. 
It’s a joke, pathetic. It doesn’t have to be, but it has made that choice 
for now. A handful of times over the years when I have felt the 
presence of its frequency I have allowed it to attach briefly so I could 
consciously observe its nature. The experience is not pleasant, the 
energy is heavy and dark, but the ease with which you can kick it 
back out the door shows that its real power is in persuading us that 
it has power. It’s all a con. Wetiko is a con. It’s a trickster and not a 
power that can control us if we unleash our own. The con is founded 
on manipulating humanity to give its power to Wetiko which 
recycles it back to present the illusion that it has power when its 
power is ours that we gave away. This happens on an energetic level 
and plays out in the world of the seen as humanity giving its power 
to Wetiko authority which uses that power to control the population 
when the power is only the power the population has handed over. 
How could it be any other way for billions to be controlled by a 
relative few? I have had experiences with people possessed by 
Wetiko and again you can kick its arse if you do it with an open 
heart. Oh yes — the heart which can transform the world of perceived 
‘matter’. 


We are receiver-transmitters and processors of information, but 
what information and where from? Information is processed into 
perception in three main areas — the brain, the heart and the belly. 
These relate to thinking, knowing, and emotion. Wetiko wants us to 
be head and belly people which means we think within the confines 
of the Matrix simulation and low-vibrational emotional reaction 
scrambles balance and perception. A few minutes on social media 
and you see how emotion is the dominant force. Woke is all emotion 
and is therefore thought-free and fact-free. Our heart is something 
different. It knows while the head thinks and has to try to work it out 
because it doesn’t know. The human energy field has seven prime 
vortexes which connect us with wider reality (Fig 23). Chakra means 


‘wheels of light’ in the Sanskrit language of ancient India. The main 
ones are: The crown chakra on top of the head; brow (or ‘third eye’) 
chakra in the centre of the forehead; throat chakra; heart chakra in 
the centre of the chest; solar plexus chakra below the sternum; sacral 
chakra beneath the navel; and base chakra at the bottom of the spine. 
Each one has a particular function or functions. We feel anxiety and 
nervousness in the belly where the sacral chakra is located and this 
processes emotion that can affect the colon to give people ‘the shits’ 
or make them ‘shit scared’ when they are nervous. Chakras all play 
an important role, but the Mr and Mrs Big is the heart chakra which 
sits at the centre of the seven, above the chakras that connect us to 
the ‘physical’ and below those that connect with higher realms (or at 
least should). Here in the heart chakra we feel love, empathy and 
compassion — ‘My heart goes out to you’. Those with closed hearts 
become literally ‘heart-less’ in their attitudes and behaviour (see Bill 
Gates). Native Americans portrayed Wetiko with what Paul Levy 
calls a ‘frigid, icy heart, devoid of mercy’ (see Bill Gates). 


Figure 23: The chakra system which interpenetrates the human energy field. The heart chakra 
is the governor — or should be. 


Wetiko trembles at the thought of heart energy which it cannot 
infiltrate. The frequency is too high. What it seeks to do instead is 
close the heart chakra vortex to block its perceptual and energetic 
influence. Psychopaths have ‘hearts of stone’ and emotionally- 
damaged people have ‘heartache’ and ‘broken hearts’. The 
astonishing amount of heart disease is related to heart chakra 


disruption with its fundamental connection to the ‘physical’ heart. 
Dr Tom Cowan has written an outstanding book challenging the 
belief that the heart is a pump and making the connection between 
the ‘physical’ and spiritual heart. Rudolph Steiner who was way 
ahead of his time said the same about the fallacy that the heart is a 
pump. What? The heart is not a pump? That's crazy, right? 
Everybody knows that. Read Cowan’s Human Heart, Cosmic Heart 
and you will realise that the very idea of the heart as a pump is 
ridiculous when you see the evidence. How does blood in the feet so 
far from the heart get pumped horizontally up the body by the 
heart?? Cowan explains in the book the real reason why blood 
moves as it does. Our ‘physical’ heart is used to symbolise love when 
the source is really the heart vortex or spiritual heart which is our 
most powerful energetic connection to ‘out there’ expanded 
consciousness. That’s why we feel knowing — intuitive knowing — in 
the centre of the chest. Knowing doesn’t come from a process of 
thoughts leading to a conclusion. It is there in an instant all in one 
go. Our heart knows because of its connection to levels of awareness 
that do know. This is the meaning and source of intuition — intuitive 
knowing. 

For the last more than 30 years of uncovering the global game and 
the nature of reality my heart has been my constant antenna for 
truth and accuracy. An American intelligence insider once said that I 
had quoted a disinformer in one of my books and yet I had only 
quoted the part that was true. He asked: ‘How do you do that?’ By 
using my heart antenna was the answer and anyone can do it. Heart- 
centred is how we are meant to be. With a closed heart chakra we 
withdraw into a closed mind and the bubble of five-sense reality. If 
you take a moment to focus your attention on the centre of your 
chest, picture a spinning wheel of light and see it opening and 
expanding. You will feel it happening, too, and perceptions of the 
heart like joy and love as the heart impacts on the mind as they 
interact. The more the chakra opens the more you will feel 
expressions of heart consciousness and as the process continues, and 
becomes part of you, insights and knowings will follow. An open 


heart is connected to that level of awareness that knows all is One. 
You will see from its perspective that the fault-lines that divide us 
are only illusions to control us. An open heart does not process the 
illusions of race, creed and sexuality except as brief experiences for a 
consciousness that is all. Our heart does not see division, only unity 
(Figs 24 and 25). There’s something else, too. Our hearts love to 
laugh. Mark Twain’s quote that says ‘The human race has one really 
effective weapon, and that is laughter’ is really a reference to the 
heart which loves to laugh with the joy of knowing the true nature of 
infinite reality and that all the madness of human society is an 
illusion of the mind. Twain also said: ‘Against the assault of laughter 
nothing can stand.’ This is so true of Wetiko and the Cult. Their 
insecurity demands that they be taken seriously and their power and 
authority acknowledged and feared. We should do nothing of the 
sort. We should not get aggressive or fearful which their insecurity 
so desires. We should laugh in their face. Even in their no-face as 
police come over in their face-nappies and expect to be taken 
seriously. They don’t take themselves seriously looking like that so 
why should we? Laugh in the face of intimidation. Laugh in the face 
of tyranny. You will see by its reaction that you have pressed all of its 
buttons. Wetiko does not know what to do in the face of laughter or 
when its targets refuse to concede their joy to fear. We have seen 
many examples during the ‘Covid’ hoax when people have 
expressed their energetic power and the string puppets of Wetiko 
retreat with their tail limp between their knees. Laugh — the world is 
bloody mad after all and if it’s a choice between laughter and tears I 
know which way I’m going. 


Figure 24: Head consciousness without the heart sees division and everything apart from 
everything else. 


Figure 25: Heart consciousness sees everything as One. 


The foundation of Wetiko/Archon control of humans is the 
separation of incarnate five-sense mind from the infinite ‘I’ and 
closing the heart chakra where the True ‘T’ lives during a human life. 
The goal has been to achieve complete separation in both cases. I was 
interested therefore to read an account by a French energetic healer 
of what she said she experienced with a patient who had been given 
the ‘Covid’ vaccine. Genuine energy healers can sense information 
and consciousness fields at different levels of being which are 
referred to as ‘subtle bodies’. She described treating the patient who 
later returned after having, without the healer’s knowledge, two 
doses of the ‘Covid vaccine’. The healer said: 


| noticed immediately the change, very heavy energy emanating from [the] subtle bodies. The 
scariest thing was when | was working on the heart chakra, | connected with her soul: it was 
detached from the physical body, it had no contact and it was, as if it was floating in a state of 
total confusion: a damage to the consciousness that loses contact with the physical body, i.e. 
with our biological machine, there is no longer any communication between them. 


| continued the treatment by sending light to the heart chakra, the soul of the person, but it 
seemed that the soul could no longer receive any light, frequency or energy. It was a very 
powerful experience for me. Then | understood that this substance is indeed used to detach 
consciousness so that this consciousness can no longer interact through this body that it 
possesses in life, where there is no longer any contact, no frequency, no light, no more 
energetic balance or mind. 


This would create a human that is rudderless and at the extreme 
almost zombie-like operating with a fractional state of consciousness 
at the mercy of Wetiko. I was especially intrigued by what the healer 
said in the light of the prediction by the highly-informed Rudolf 
Steiner more than a hundred years ago. He said: 


In the future, we will eliminate the soul with medicine. Under the pretext of a ‘healthy point 
of view’, there will be a vaccine by which the human body will be treated as soon as possible 
directly at birth, so that the human being cannot develop the thought of the existence of soul 
and Spirit. To materialistic doctors will be entrusted the task of removing the soul of humanity. 


As today, people are vaccinated against this disease or that disease, so in the future, children 
will be vaccinated with a substance that can be produced precisely in such a way that people, 
thanks to this vaccination, will be immune to being subjected to the ‘madness’ of spiritual life. 
He would be extremely smart, but he would not develop a conscience, and that is the true 
goal of some materialistic circles. 


Steiner said the vaccine would detach the physical body from the 
etheric body (subtle bodies) and ‘once the etheric body is detached 
the relationship between the universe and the etheric body would 
become extremely unstable, and man would become an automaton’. 
He said ‘the physical body of man must be polished on this Earth by 
spiritual will — so the vaccine becomes a kind of arymanique 
(Wetiko) force’ and ‘man can no longer get rid of a given 
materialistic feeling’. Humans would then, he said, become 
‘materialistic of constitution and can no longer rise to the spiritual’. I 
have been writing for years about DNA being a receiver-transmitter 
of information that connects us to other levels of reality and these 
‘vaccines’ changing DNA can be likened to changing an antenna and 
what it can transmit and receive. Such a disconnection would clearly 
lead to changes in personality and perception. Steiner further 
predicted the arrival of AI. Big Pharma ‘Covid vaccine’ makers, 
expressions of Wetiko, are testing their DNA-manipulating evil on 
children as I write with a view to giving the ‘vaccine’ to babies. If it’s 
a soul-body disconnector — and I say that it is or can be — every child 
would be disconnected from ‘soul’ at birth and the ‘vaccine’ would 
create a closed system in which spiritual guidance from the greater 
self would play no part. This has been the ambition of Wetiko all 


along. A Pentagon video from 2005 was leaked of a presentation 
explaining the development of vaccines to change behaviour by their 
effect on the brain. Those that believe this is not happening with the 
‘Covid’ genetically-modifying procedure masquerading as a 
‘vaccine’ should make an urgent appointment with Naivety 
Anonymous. Klaus Schwab wrote in 2018: 


Neurotechnologies enable us to better influence consciousness and thought and to understand 
many activities of the brain. They include decoding what we are thinking in fine levels of 
detail through new chemicals and interventions that can influence our brains to correct for 
errors or enhance functionality. 


The plan is clear and only the heart can stop it. With every heart that 
opens, every mind that awakens, Wetiko is weakened. Heart and 
love are far more powerful than head and hate and so nothing like a 
majority is needed to turn this around. 


Beyond the Phantom 

Our heart is the prime target of Wetiko and so it must be the answer 
to Wetiko. We are our heart which is part of one heart, the infinite 
heart. Our heart is where the true self lives in a human life behind 
firewalls of five-sense illusion when an imposter takes its place — 
Phantom Self; but our heart waits patiently to be set free any time we 
choose to see beyond the Phantom, beyond Wetiko. A Wetikoed 
Phantom Self can wreak mass death and destruction while the love 
of forever is locked away in its heart. The time is here to unleash its 
power and let it sweep away the fear and despair that is Wetiko. 
Heart consciousness does not seek manipulated, censored, 
advantage for its belief or religion, its activism and desires. As an 
expression of the One it treats all as One with the same rights to 
freedom and opinion. Our heart demands fairness for itself no more 
than for others. From this unity of heart we can come together in 
mutual support and transform this Wetikoed world into what reality 
is meant to be —a place of love, joy, happiness, fairness, justice and 
freedom. Wetiko has another agenda and that’s why the world is as 


it is, but enough of this nonsense. Wetiko can’t stay where hearts are 
open and it works so hard to keep them closed. Fear is its currency 
and its food source and love in its true sense has no fear. Why would 
love have fear when it knows it is All That Is, Has Been, And Ever Can 
Be on an eternal exploration of all possibility? Love in this true sense 
is not the physical attraction that passes for love. This can be an 
expression of it, yes, but Infinite Love, a love without condition, goes 
far deeper to the core of all being. It is the core of all being. Infinite 
realty was born from love beyond the illusions of the simulation. 
Love infinitely expressed is the knowing that all is One and the 
swiftly-passing experience of separation is a temporary 
hallucination. You cannot disconnect from Oneness; you can only 
perceive that you have and withdraw from its influence. This is the 
most important of all perception trickery by the mind parasite that is 
Wetiko and the foundation of all its potential for manipulation. 


If we open our hearts, open the sluice gates of the mind, and 
redefine self-identity amazing things start to happen. Consciousness 
expands or contracts in accordance with self-identity. When true self 
is recognised as infinite awareness and label self — Phantom Self — is 
seen as only a series of brief experiences life is transformed. 
Consciousness expands to the extent that self-identity expands and 
everything changes. You see unity, not division, the picture, not the 
pixels. From this we can play the long game. No more is an 
experience something in and of itself, but a fleeting moment in the 
eternity of forever. Suddenly people in uniform and dark suits are no 
longer intimidating. Doing what your heart knows to be right is no 
longer intimidating and consequences for those actions take on the 
same nature of a brief experience that passes in the blink of an 
infinite eye. Intimidation is all in the mind. Beyond the mind there is 
no intimidation. 


An open heart does not consider consequences for what it knows 
to be right. To do so would be to consider not doing what it knows to 
be right and for a heart in its power that is never an option. The 
Renegade Mind is really the Renegade Heart. Consideration of 
consequences will always provide a getaway car for the mind and 


the heart doesn’t want one. What is right in the light of what we face 
today is to stop cooperating with Wetiko in all its forms and to do it 
without fear or compromise. You cannot compromise with tyranny 
when tyranny always demands more until it has everything. Life is 
your perception and you are your destiny. Change your perception 
and you change your life. Change collective perception and we 
change the world. 

Come on people ... One human family, One heart, One goal ... 
FREEEEEEDOM! 

We must settle for nothing less. 


he big scare story as the book goes to press is the ‘Indian’ 

variant and the world is being deluged with propaganda about 
the ‘Covid catastrophe’ in India which mirrors in its lies and 
misrepresentations what happened in Italy before the first lockdown 
in 2020. 


The New York Post published a picture of someone who had 
‘collapsed in the street from Covid’ in India in April, 2021, which 
was actually taken during a gas leak in May, 2020. Same old, same 
old. Media articles in mid-February were asking why India had been 
so untouched by ‘Covid’ and then as their vaccine rollout gathered 
pace the alleged ‘cases’ began to rapidly increase. Indian ‘Covid 
vaccine’ maker Bharat Biotech was funded into existence by the Bill 
and Melinda Gates Foundation (the pair announced their divorce in 
May, 2021, which is a pity because they so deserve each other). The 
Indian ‘Covid crisis’ was ramped up by the media to terrify the 
world and prepare people for submission to still more restrictions. 
The scam that worked the first time was being repeated only with far 
more people seeing through the deceit. Davidicke.com and 
Ickonic.com have sought to tell the true story of what is happening 
by talking to people living through the Indian nightmare which has 
nothing to do with ‘Covid’. We posted a letter from ‘Alisha’ in Pune 
who told a very different story to government and media mendacity. 
She said scenes of dying people and overwhelmed hospitals were 
designed to hide what was really happening — genocide and 
starvation. Alisha said that millions had already died of starvation 
during the ongoing lockdowns while government and media were 
lying and making it look like the ‘virus’: 


Restaurants, shops, gyms, theatres, basically everything is shut. The cities are ghost towns. 
Even so-called ‘essential’ businesses are only open till 11am in the morning. You basically 
have just an hour to buy food and then your time is up. 


Inter-state travel and even inter-district travel is banned. The cops wait at all major crossroads 
to question why you are traveling outdoors or to fine you if you are not wearing a mask. 


The medical community here is also complicit in genocide, lying about hospitals being full 
and turning away people with genuine illnesses, who need immediate care. They have even 
created a shortage of oxygen cylinders. 


This is the classic Cult modus operandi played out in every country. 
Alisha said that people who would not have a PCR test not testing 
for the ‘virus’ were being denied hospital treatment. She said the 
people hit hardest were migrant workers and those in rural areas. 
Most businesses employed migrant workers and with everything 
closed there were no jobs, no income and no food. As a result 
millions were dying of starvation or malnutrition. All this was 
happening under Prime Minister Narendra Modi, a 100-percent 
asset of the Cult, and it emphasises yet again the scale of pure anti- 
human evil we are dealing with. Australia banned its people from 
returning home from India with penalties for trying to do so of up to 
five years in jail and a fine of £37,000. The manufactured ‘Covid’ 
crisis in India was being prepared to justify further fascism in the 
West. Obvious connections could be seen between the Indian 
‘vaccine’ programme and increased ‘cases’ and this became a 
common theme. The Seychelles, the most per capita ‘Covid 
vaccinated’ population in the world, went back into lockdown after a 
‘surge of cases’. 


Long ago the truly evil Monsanto agricultural biotechnology 
corporation with its big connections to Bill Gates devastated Indian 
farming with genetically-modified crops. Human rights activist 
Gurcharan Singh highlighted the efforts by the Indian government 
to complete the job by destroying the food supply to hundreds of 
millions with ‘Covid’ lockdowns. He said that 415 million people at 
the bottom of the disgusting caste system (still going whatever they 
say) were below the poverty line and struggled to feed themselves 
every year. Now the government was imposing lockdown at just the 


time to destroy the harvest. This deliberate policy was leading to 
mass starvation. People may reel back at the suggestion that a 
government would do that, but Wetiko-controlled ‘leaders’ are 
capable of any level of evil. In fact what is described in India is in the 
process of being instigated worldwide. The food chain and food 
supply are being targeted at every level to cause world hunger and 
thus control. Bill Gates is not the biggest owner of farmland in 
America for no reason and destroying access to food aids both the 
depopulation agenda and the plan for synthetic ‘food’ already being 
funded into existence by Gates. Add to this the coming hyper- 
inflation from the suicidal creation of fake ‘money’ in response to 
‘Covid’ and the breakdown of container shipping systems and you 
have a cocktail that can only lead one way and is meant to. The Cult 
plan is to crash the entire system to ‘build back better’ with the Great 
Reset. 


‘Vaccine’ transmission 

Reports from all over the world continue to emerge of women 
suffering menstrual and fertility problems after having the fake 
‘vaccine’ and of the non-’vaccinated’ having similar problems when 
interacting with the ‘vaccinated’. There are far too many for 
‘coincidence’ to be credible. We’ve had menopausal women getting 
periods, others having periods stop or not stopping for weeks, 
passing clots, sometimes the lining of the uterus, breast 
irregularities, and miscarriages (which increased by 400 percent in 
parts of the United States). Non-‘vaccinated’ men and children have 
suffered blood clots and nose bleeding after interaction with the 
‘vaccinated’. Babies have died from the effects of breast milk from a 
‘vaccinated’ mother. Awake doctors — the small minority — 
speculated on the cause of non-’vaccinated’ suffering the same 
effects as the ‘vaccinated’. Was it nanotechnology in the synthetic 
substance transmitting frequencies or was it a straight chemical 
bioweapon that was being transmitted between people? I am not 
saying that some kind of chemical transmission is not one possible 
answer, but the foundation of all that the Cult does is frequency and 


this is fertile ground for understanding how transmission can 
happen. American doctor Carrie Madej, an internal medicine 
physician and osteopath, has been practicing for the last 20 years, 
teaching medical students, and she says attending different meetings 
where the agenda for humanity was discussed. Madej, who operates 
out of Georgia, did not dismiss other possible forms of transmission, 
but she focused on frequency in search of an explanation for 
transmission. She said the Moderna and Pfizer ‘vaccines’ contained 
nano-lipid particles as a key component. This was a brand new 
technology never before used on humanity. “They’re using a 
nanotechnology which is pretty much little tiny computer bits ... 
nanobots or hydrogel.’ Inside the ‘vaccines’ was ‘this sci-fi kind of 
substance’ which suppressed immune checkpoints to get into the 
cell. I referred to this earlier as the “Trojan horse’ technique that 
tricks the cell into opening a gateway for the self-replicating 
synthetic material and while the immune system is artificially 
suppressed the body has no defences. Madej said the substance 
served many purposes including an on-demand ability to ‘deliver 
the payload’ and using the nano ‘computer bits’ as biosensors in the 
body. ‘It actually has the ability to accumulate data from your body, 
like your breathing, your respiration, thoughts, emotions, all kinds 
of things.’ 

She said the technology obviously has the ability to operate 
through Wi-Fi and transmit and receive energy, messages, 
frequencies or impulses. ‘Just imagine you're getting this new 
substance in you and it can react to things all around you, the 5G, 
your smart device, your phones.’ We had something completely 
foreign in the human body that had never been launched large scale 
at a time when we were seeing 5G going into schools and hospitals 
(plus the Musk satellites) and she believed the ‘vaccine’ transmission 
had something to do with this: ‘... if these people have this inside of 
them ... it can act like an antenna and actually transmit it outwardly 
as well.’ The synthetic substance produced its own voltage and so it 
could have that kind of effect. This fits with my own contention that 
the nano receiver-transmitters are designed to connect people to the 


Smart Grid and break the receiver-transmitter connection to 
expanded consciousness. That would explain the French energy 
healer’s experience of the disconnection of body from ‘soul’ with 
those who have had the ‘vaccine’. The nanobots, self-replicating 
inside the body, would also transmit the synthetic frequency which 
could be picked up through close interaction by those who have not 
been ‘vaccinated’. Madej speculated that perhaps it was 5G and 
increased levels of other radiation that was causing the symptoms 
directly although interestingly she said that non-‘vaccinated’ 
patients had shown improvement when they were away from the 
‘vaccinated’ person they had interacted with. It must be remembered 
that you can control frequency and energy with your mind and you 
can consciously create energetic barriers or bubbles with the mind to 
stop damaging frequencies from penetrating your field. American 
paediatrician Dr Larry Palevsky said the ‘vaccine’ was not a ‘vaccine’ 
and was never designed to protect from a ‘viral’ infection. He called 
it ‘a massive, brilliant propaganda of genocide’ because they didn’t 
have to inject everyone to get the result they wanted. He said the 
content of the jabs was able to infuse any material into the brain, 
heart, lungs, kidneys, liver, sperm and female productive system. 
‘This is genocide; this is a weapon of mass destruction.’ At the same 
time American colleges were banning students from attending if 
they didn’t have this life-changing and potentially life-ending 
‘vaccine’. Class action lawsuits must follow when the consequences 
of this college fascism come to light. As the book was going to press 
came reports about fertility effects on sperm in ‘vaccinated’ men 
which would absolutely fit with what I have been saying and 
hospitals continued to fill with ‘vaccine’ reactions. Another question 
is what about transmission via blood transfusions? The NHS has 
extended blood donation restrictions from seven days after a ‘Covid 
vaccination’ to 28 days after even a sore arm reaction. 

I said in the spring of 2020 that the then touted ‘Covid vaccine’ 
would be ongoing each year like the flu jab. A year later Pfizer CEO, 
the appalling Albert Bourla, said people would ‘likely’ need a 
‘booster dose’ of the ‘vaccine’ within 12 months of getting ‘fully 


vaccinated’ and then a yearly shot. “Variants will play a key role’, he 
said confirming the point. Johnson & Johnson CEO Alex Gorsky also 
took time out from his ‘vaccine’ disaster to say that people may need 
to be vaccinated against ‘Covid-19% each year. UK Health Secretary, 
the psychopath Matt Hancock, said additional ‘boosters’ would be 
available in the autumn of 2021. This is the trap of the ‘vaccine 
passport’. The public will have to accept every last ‘vaccine’ they 
introduce, including for the fake ‘variants’, or it would cease to be 
valid. The only other way in some cases would be continuous testing 
with a test not testing for the ‘virus’ and what is on the swabs 
constantly pushed up your noise towards the brain every time? 


‘Vaccines’ changing behaviour 

I mentioned in the body of the book how I believed we would see 
gathering behaviour changes in the ‘vaccinated’ and I am already 
hearing such comments from the non-‘vaccinated’ describing 
behaviour changes in friends, loved ones and work colleagues. This 
will only increase as the self-replicating synthetic material and 
nanoparticles expand in body and brain. An article in the Guardian in 
2016 detailed research at the University of Virginia in Charlottesville 
which developed a new method for controlling brain circuits 
associated with complex animal behaviour. The method, dubbed 
‘magnetogenetics’, involves genetically-engineering a protein called 
ferritin, which stores and releases iron, to create a magnetised 
substance — ‘Magneto’ — that can activate specific groups of nerve 
cells from a distance. This is claimed to be an advance on other 
methods of brain activity manipulation known as optogenetics and 
chemogenetics (the Cult has been developing methods of brain 
control for a long time). The ferritin technique is said to be non- 
invasive and able to activate neurons ‘rapidly and reversibly’. In 
other words, human thought and perception. The article said that 
earlier studies revealed how nerve cell proteins ‘activated by heat 
and mechanical pressure can be genetically engineered so that they 
become sensitive to radio waves and magnetic fields, by attaching 
them to an iron-storing protein called ferritin, or to inorganic 


paramagnetic particles’. Sensitive to radio waves and magnetic 
fields? You mean like 5G, 6G and 7G? This is the human-AI Smart 
Grid hive mind we are talking about. The Guardian article said: 


... the researchers injected Magneto into the striatum of freely behaving mice, a deep brain 
structure containing dopamine-producing neurons that are involved in reward and motivation, 
and then placed the animals into an apparatus split into magnetised and non-magnetised 
sections. 


Mice expressing Magneto spent far more time in the magnetised areas than mice that did not, 
because activation of the protein caused the striatal neurons expressing it to release 
dopamine, so that the mice found being in those areas rewarding. This shows that Magneto 
can remotely control the firing of neurons deep within the brain, and also control complex 
behaviours. 


Make no mistake this basic methodology will be part of the ‘Covid 
vaccine’ cocktail and using magnetics to change brain function 
through electromagnetic field frequency activation. The Pentagon is 
developing a ‘Covid vaccine’ using ferritin. Magnetics would explain 
changes in behaviour and why videos are appearing across the 
Internet as I write showing how magnets stick to the skin at the 
point of the ‘vaccine’ shot. Once people take these ‘vaccines’ 
anything becomes possible in terms of brain function and illness 
which will be blamed on ‘Covid-19 and ‘variants’. Magnetic field 
manipulation would further explain why the non-‘vaccinated’ are 
reporting the same symptoms as the ‘vaccinated’ they interact with 
and why those symptoms are reported to decrease when not in their 
company. Interestingly ‘Magneto’, a ‘mutant’, is a character in the 
Marvel Comic X-Men stories with the ability to manipulate magnetic 
fields and he believes that mutants should fight back against their 
human oppressors by any means necessary. The character was born 
Erik Lehnsherr to a Jewish family in Germany. 


Cult-controlled courts 

The European Court of Human Rights opened the door for 
mandatory ‘Covid-19 vaccines’ across the continent when it ruled in 
a Czech Republic dispute over childhood immunisation that legally 


enforced vaccination could be ‘necessary in a democratic society’. 
The 17 judges decided that compulsory vaccinations did not breach 
human rights law. On the face of it the judgement was so inverted 
you gasp for air. If not having a vaccine infused into your body is not 
a human right then what is? Ah, but they said human rights law 
which has been specifically written to delete all human rights at the 
behest of the state (the Cult). Article 8 of the European Convention 
on Human Rights relates to the right to a private life. The crucial 
word here is ‘except’: 


There shall be no interference by a public authority with the exercise of this right EXCEPT 
such as is in accordance with the law and is necessary in a democratic society in the interests 
of national security, public safety or the economic wellbeing of the country, for the prevention 
of disorder or crime, for the protection of health or morals, or for the protection of the rights 
and freedoms of others [My emphasis]. 


No interference except in accordance with the law means there are no 
‘human rights’ except what EU governments decide you can have at 
their behest. ‘As is necessary in a democratic society’ explains that 
reference in the judgement and ‘in the interests of national security, 
public safety or the economic well-being of the country, for the 
prevention of disorder or crime, for the protection of health or 
morals, or for the protection of the rights and freedoms of others’ 
gives the EU a coach and horses to ride through ‘human rights’ and 
scatter them in all directions. The judiciary is not a check and 
balance on government extremism; it is a vehicle to enforce it. This 
judgement was almost laughably predictable when the last thing the 
Cult wanted was a decision that went against mandatory 
vaccination. Judges rule over and over again to benefit the system of 
which they are a part. Vaccination disputes that come before them 
are invariably delivered in favour of doctors and authorities 
representing the view of the state which owns the judiciary. Oh, yes, 
and we have even had calls to stop putting ‘Covid-19’ on death 
certificates within 28 days of a ‘positive test’ because it is claimed the 
practice makes the ‘vaccine’ appear not to work. They are laughing 
at you. 


The scale of madness, inhumanity and things to come was 
highlighted when those not ‘vaccinated’ for “‘Covid’ were refused 
evacuation from the Caribbean island of St Vincent during massive 
volcanic eruptions. Cruise ships taking residents to the safety of 
another island allowed only the ‘vaccinated’ to board and the rest 
were left to their fate. Even in life and death situations like this we 
see ‘Covid’ stripping people of their most basic human instincts and 
the insanity is even more extreme when you think that fake 
‘vaccine’-makers are not even claiming their body-manipulating 
concoctions stop ‘infection’ and ‘transmission’ of a ‘virus’ that 
doesn’t exist. St Vincent Prime Minister Ralph Gonsalves said: ‘The 
chief medical officer will be identifying the persons already 
vaccinated so that we can get them on the ship.’ Note again the 
power of the chief medical officer who, like Whitty in the UK, will be 
answering to the World Health Organization. This is the Cult 
network structure that has overridden politicians who ‘follow the 
science’ which means doing what WHO-controlled ‘medical officers’ 
and ‘science advisers’ tell them. Gonsalves even said that residents 
who were ‘vaccinated’ after the order so they could board the ships 
would still be refused entry due to possible side effects such as 
‘wooziness in the head’. The good news is that if they were woozy 
enough in the head they could qualify to be prime minister of St 
Vincent. 


Microchipping freedom 

The European judgement will be used at some point to justify moves 
to enforce the ‘Covid’ DNA-manipulating procedure. Sandra Ro, 
CEO of the Global Blockchain Business Council, told a World 
Economic Forum event that she hoped ‘vaccine passports’ would 
help to ‘drive forced consent and standardisation’ of global digital 
identity schemes: ‘I’m hoping with the desire and global demand for 
some sort of vaccine passport — so that people can get travelling and 
working again — [it] will drive forced consent, standardisation, and 
frankly, cooperation across the world.’ The lady is either not very 
bright, or thoroughly mendacious, to use the term ‘forced consent’. 


You do not ‘consent’ if you are forced — you submit. She was 
describing what the plan has been all along and that’s to enforce a 
digital identity on every human without which they could not 
function. ‘Vaccine passports’ are opening the door and are far from 
the end goal. A digital identity would allow you to be tracked in 
everything you do in cyberspace and this is the same technique used 
by Cult-owned China to enforce its social credit system of total 
control. The ultimate ‘passport’ is planned to be a microchip as my 
books have warned for nearly 30 years. Those nice people at the 
Pentagon working for the Cult-controlled Defense Advanced 
Research Projects Agency (DARPA) claimed in April, 2021, they 
have developed a microchip inserted under the skin to detect 
‘asymptomatic Covid-19 infection’ before it becomes an outbreak 
and a ‘revolutionary filter’ that can remove the ‘virus’ from the 
blood when attached to a dialysis machine. The only problems with 
this are that the ‘virus’ does not exist and people transmitting the 
‘virus’ with no symptoms is brain-numbing bullshit. This is, of 
course, not a ruse to get people to be microchipped for very different 
reasons. DARPA also said it was producing a one-stop ‘vaccine’ for 
the ‘virus’ and all ‘variants’. One of the most sinister organisations 
on Planet Earth is doing this? Better have it then. These people are 
insane because Wetiko that possesses them is insane. 


Researchers from the Salk Institute in California announced they 
have created an embryo that is part human and part monkey. My 
books going back to the 1990s have exposed experiments in top 
secret underground facilities in the United States where humans are 
being crossed with animal and non-human ‘extraterrestrial’ species. 
They are now easing that long-developed capability into the public 
arena and there is much more to come given we are dealing with 
psychiatric basket cases. Talking of which — Elon Musk’s scientists at 
Neuralink trained a monkey to play Pong and other puzzles on a 
computer screen using a joystick and when the monkey made the 
correct move a metal tube squirted banana smoothie into his mouth 
which is the basic technique for training humans into unquestioning 
compliance. Two Neuralink chips were in the monkey’s skull and 


more than 2,000 wires ‘fanned out’ into its brain. Eventually the 
monkey played a video game purely with its brain waves. 
Psychopathic narcissist Musk said the ‘breakthrough’ was a step 
towards putting Neuralink chips into human skulls and merging 
minds with artificial intelligence. Exactly. This man is so dark and 
Cult to his DNA. 


World Economic Fascism (WEF) 

The World Economic Forum is telling you the plan by the statements 
made at its many and various events. Cult-owned fascist YouTube 
CEO Susan Wojcicki spoke at the 2021 WEF Global Technology 
Governance Summit (see the name) in which 40 governments and 
150 companies met to ensure ‘the responsible design and 
deployment of emerging technologies’. Orwellian translation: 
‘Ensuring the design and deployment of long-planned technologies 
will advance the Cult agenda for control and censorship.’ Freedom- 
destroyer and Nuremberg-bound Wojcicki expressed support for 
tech platforms like hers to censor content that is ‘technically legal but 
could be harmful’. Who decides what is ‘harmful’? She does and 
they do. ‘Harmful’ will be whatever the Cult doesn’t want people to 
see and we have legislation proposed by the UK government that 
would censor content on the basis of ‘harm’ no matter if the 
information is fair, legal and provably true. Make that especially if it 
is fair, legal and provably true. Wojcicki called for a global coalition 
to be formed to enforce content moderation standards through 
automated censorship. This is a woman and mega-censor So self- 
deluded that she shamelessly accepted a ‘free expression’ award — 
Wojcicki — in an event sponsored by her own YouTube. They have no 
shame and no self-awareness. 


You know that ‘Covid’ is a scam and Wojcicki a Cult operative 
when YouTube is censoring medical and scientific opinion purely on 
the grounds of whether it supports or opposes the Cult ‘Covid’ 
narrative. Florida governor Ron DeSantis compiled an expert panel 
with four professors of medicine from Harvard, Oxford, and 
Stanford Universities who spoke against forcing children and 


vaccinated people to wear masks. They also said there was no proof 
that lockdowns reduced spread or death rates of ‘Covid-19’. Cult- 
gofer Wojcicki and her YouTube deleted the panel video ‘because it 
included content that contradicts the consensus of local and global 
health authorities regarding the efficacy of masks to prevent the 
spread of Covid-19’. This ‘consensus’ refers to what the Cult tells the 
World Health Organization to say and the WHO tells ‘local health 
authorities’ to do. Wojcicki knows this, of course. The panellists 
pointed out that censorship of scientific debate was responsible for 
deaths from many causes, but Wojcicki couldn't care less. She would 
not dare go against what she is told and as a disgrace to humanity 
she wouldn't want to anyway. The UK government is seeking to pass 
a fascist ‘Online Safety Bill’ to specifically target with massive fines 
and other means non-censored video and social media platforms to 
make them censor ‘lawful but harmful’ content like the Cult-owned 
Facebook, Twitter, Google and YouTube. What is ‘lawful but 
harmful’ would be decided by the fascist Blair-created Ofcom. 


Another WEF obsession is a cyber-attack on the financial system 
and this is clearly what the Cult has planned to take down the bank 
accounts of everyone — except theirs. Those that think they have 
enough money for the Cult agenda not to matter to them have got a 
big lesson coming if they continue to ignore what is staring them in 
the face. The World Economic Forum, funded by Gates and fronted 
by Klaus Schwab, announced it would be running a ‘simulation’ 
with the Russian government and global banks of just such an attack 
called Cyber Polygon 2021. What they simulate — as with the ‘Covid’ 
Event 201 — they plan to instigate. The WEF is involved in a project 
with the Cult-owned Carnegie Endowment for International Peace 
called the WEF-Carnegie Cyber Policy Initiative which seeks to 
merge Wall Street banks, ‘regulators’ (I love it) and intelligence 
agencies to ‘prevent’ (arrange and allow) a cyber-attack that would 
bring down the global financial system as long planned by those that 
control the WEF and the Carnegie operation. The Carnegie 
Endowment for International Peace sent an instruction to First World 


War US President Woodrow Wilson not to let the war end before 
society had been irreversibly transformed. 


The Wuhan lab diversion 

As I close, the Cult-controlled authorities and lapdog media are 
systematically pushing ‘the virus was released from the Wuhan lab’ 
narrative. There are two versions — it happened by accident and it 
happened on purpose. Both are nonsense. The perceived existence of 
the never-shown-to-exist ‘virus’ is vital to sell the impression that 
there is actually an infective agent to deal with and to allow the 
endless potential for terrifying the population with ‘variants’ of a 
‘virus’ that does not exist. The authorities at the time of writing are 
going with the ‘by accident’ while the alternative media is 
promoting the ‘on purpose’. Cable news host Tucker Carlson who 
has questioned aspects of lockdown and ‘vaccine’ compulsion has 
bought the Wuhan lab story. ‘Everyone now agrees’ he said. Well, I 
don’t and many others don’t and the question is why does the system 
and its media suddenly ‘agree’? When the media moves as one unit 
with a narrative it is always a lie — witness the hour by hour 
mendacity of the ‘Covid’ era. Why would this Cult-owned 
combination which has unleashed lies like machine gun fire 
suddenly ‘agree’ to tell the truth?? 

Much of the alternative media is buying the lie because it fits the 
conspiracy narrative, but it’s the wrong conspiracy. The real 
conspiracy is that there is no virus and that is what the Cult is 
desperate to hide. The idea that the ‘virus’ was released by accident 
is ludicrous when the whole ‘Covid’ hoax was clearly long-planned 
and waiting to be played out as it was so fast in accordance with the 
Rockefeller document and Event 201. So they prepared everything in 
detail over decades and then sat around strumming their fingers 
waiting for an ‘accidental’ release from a bio-lab? What?? It’s crazy. 
Then there’s the ‘on purpose’ claim. You want to circulate a ‘deadly 
virus’ and hide the fact that you’ve done so and you release it down 
the street from the highest-level bio-lab in China? I repeat — What? ? 


You would release it far from that lab to stop any association being 
made. But, no, we’ll do it in a place where the connection was certain 
to be made. Why would you need to scam ‘cases’ and ‘deaths’ and 
pay hospitals to diagnose ‘Covid-19’ if you had a real ‘virus’? What 
are sections of the alternative media doing believing this crap? 
Where were all the mass deaths in Wuhan from a ‘deadly pathogen’ 
when the recovery to normal life after the initial propaganda was 
dramatic in speed? Why isn’t the ‘deadly pathogen’ now circulating 
all over China with bodies in the street? Once again we have the 
technique of tell them what they want to hear and they will likely 
believe it. The alternative media has its ‘conspiracy’ and with 
Carlson it fits with his ‘China is the danger’ narrative over years. 
China is a danger as a global Cult operations centre, but not for this 
reason. The Wuhan lab story also has the potential to instigate 
conflict with China when at some stage the plan is to trigger a 
Problem-Reaction-Solution confrontation with the West. Question 
everything — everything — and especially when the media agrees on a 
common party line. 


Third wave ... fourth wave ... fifth wave... 

As the book went into production the world was being set up for 
more lockdowns and a ‘third wave’ supported by invented ‘variants’ 
that were increasing all the time and will continue to do so in public 
statements and computer programs, but not in reality. India became 
the new Italy in the ‘Covid’ propaganda campaign and we were told 
to be frightened of the new ‘Indian strain’. Somehow I couldn’t find 
it within myself to do so. A document produced for the UK 
government entitled ‘Summary of further modelling of easing of 
restrictions — Roadmap Step 2’ declared that a third wave was 
inevitable (of course when it’s in the script) and it would be the fault 
of children and those who refuse the health-destroying fake ‘Covid 
vaccine’. One of the computer models involved came from the Cult- 
owned Imperial College and the other from Warwick University 
which I wouldn't trust to tell me the date in a calendar factory. The 
document states that both models presumed extremely high uptake 


of the ‘Covid vaccines’ and didn’t allow for ‘variants’. The document 
states: ‘The resurgence is a result of some people (mostly children) 
being ineligible for vaccination; others choosing not to receive the 
vaccine; and others being vaccinated but not perfectly protected.’ 
The mendacity takes the breath away. Okay, blame those with a 
brain who won't take the DNA-modifying shots and put more 
pressure on children to have it as ‘trials’ were underway involving 
children as young as six months with parents who give insanity a 
bad name. Massive pressure is being put on the young to have the 
fake ‘vaccine’ and child age consent limits have been systematically 
lowered around the world to stop parents intervening. Most 
extraordinary about the document was its claim that the ‘third wave’ 
would be driven by ‘the resurgence in both hospitalisations and 
deaths ... dominated by those that have received two doses of the vaccine, 
comprising around 60-70% of the wave respectively’. The predicted 
peak of the ‘third wave’ suggested 300 deaths per day with 250 of 
them fully ‘vaccinated’ people. How many more lies do acquiescers 
need to be told before they see the obvious? Those who took the jab 
to ‘protect themselves’ are projected to be those who mostly get sick 
and die? So what's in the ‘vaccine’? The document went on: 


It is possible that a summer of low prevalence could be followed by substantial increases in 
incidence over the following autumn and winter. Low prevalence in late summer should not 
be taken as an indication that SARS-CoV-2 has retreated or that the population has high 
enough levels of immunity to prevent another wave. 


They are telling you the script and while many British people 
believed ‘Covid’ restrictions would end in the summer of 2021 the 
government was preparing for them to be ongoing. Authorities were 
awarding contracts for ‘Covid marshals’ to police the restrictions 
with contracts starting in July, 2021, and going through to January 
31st, 2022, and the government was advertising for ‘Media Buying 
Services’ to secure media propaganda slots worth a potential £320 
million for ‘Covid-19 campaigns’ with a contract not ending until 
March, 2022. The recipient — via a list of other front companies — was 
reported to be American media marketing giant Omnicom Group 


Inc. While money is no object for “‘Covid’ the UK waiting list for all 
other treatment — including life-threatening conditions — passed 4.5 
million. Meantime the Cult is seeking to control all official ‘inquiries’ 
to block revelations about what has really been happening and why. 
It must not be allowed to — we need Nuremberg jury trials in every 
country. The cover-up doesn’t get more obvious than appointing 
ultra-Zionist professor Philip Zelikow to oversee two dozen US 
virologists, public health officials, clinicians, former government 
officials and four American ‘charitable foundations’ to ‘learn the 
lessons’ of the ‘Covid’ debacle. The personnel will be those that 
created and perpetuated the ‘Covid’ lies while Zelikow is the former 
executive director of the 9/11 Commission who ensured that the 
truth about those attacks never came out and produced a report that 
must be among the most mendacious and manipulative documents 
ever written — see The Trigger for the detailed exposure of the almost 
unimaginable 9/11 story in which Sabbatians can be found at every 
level. 


Passive no more 

People are increasingly challenging the authorities with amazing 
numbers of people taking to the streets in London well beyond the 
ability of the Face-Nappies to stop them. Instead the Nappies choose 
situations away from the mass crowds to target, intimidate, and seek 
to promote the impression of ‘violent protestors’. One such incident 
happened in London’s Hyde Park. Hundreds of thousands walking 
through the streets in protest against ‘Covid’ fascism were ignored 
by the Cult-owned BBC and most of the rest of the mainstream 
media, but they delighted in reporting how police were injured in 
‘clashes with protestors’. The truth was that a group of people 
gathered in Hyde Park at the end of one march when most had gone 
home and they were peacefully having a good time with music and 
chat. Face-Nappies who couldn’t deal with the full-march crowd 
then waded in with their batons and got more than they bargained 
for. Instead of just standing for this criminal brutality the crowd 
used their numerical superiority to push the Face-Nappies out of the 


park. Eventually the Nappies turned and ran. Unfortunately two or 
three idiots in the crowd threw drink cans striking two officers 
which gave the media and the government the image they wanted to 
discredit the 99.9999 percent who were peaceful. The idiots walked 
straight into the trap and we must always be aware of potential 
agent provocateurs used by the authorities to discredit their targets. 


This response from the crowd — the can people apart — must be a 
turning point when the public no longer stand by while the innocent 
are arrested and brutally attacked by the Face-Nappies. That doesn’t 
mean to be violent, that’s the last thing we need. We'll leave the 
violence to the Face-Nappies and government. But it does mean that 
when the Face-Nappies use violence against peaceful people the 
numerical superiority is employed to stop them and make citizen’s 
arrests or Common Law arrests for a breach of the peace. The time 
for being passive in the face of fascism is over. 


We are the many, they are the few, and we need to make that count 
before there is no freedom left and our children and grandchildren 
face an ongoing fascist nightmare. 


COME ON PEOPLE - IT’S TIME. 


One final thought ... 


The power of love 
A force from above 
Cleaning my soul 
Flame on burn desire 
Love with tongues of fire 
Purge the soul 
Make love your goal 


I’ll protect you from the hooded claw 
Keep the vampires from your door 
When the chips are down I'll be around 
With my undying, death-defying 
Love for you 


Envy will hurt itself 
Let yourself be beautiful 
Sparkling love, flowers 
And pearls and pretty girls 
Love is like an energy 
Rushin’ rushin’ inside of me 


This time we go sublime 
Lovers entwine, divine, divine, 
Love is danger, love is pleasure 
Love is pure — the only treasure 


I’m so in love with you 
Purge the soul 
Make love your goal 


The power of love 
A force from above 
Cleaning my soul 
The power of love 
A force from above 
A sky-scraping dove 


Flame on burn desire 
Love with tongues of fire 
Purge the soul 
Make love your goal 


Frankie Goes To Hollywood 


APPENDIX 


Isolation: The action of isolating; the fact or condition of being 
isolated or standing alone; separation from other things or persons; 
solitariness 
Oxford English Dictionary 


he controversy over whether the SARS-CoV-2 virus has ever 

been isolated or purified continues. However, using the above 
definition, common sense, the laws of logic and the dictates of 
science, any unbiased person must come to the conclusion that the 
SARS-CoV-2 virus has never been isolated or purified. As a result, no 
confirmation of the virus’ existence can be found. The logical, 
common sense, and scientific consequences of this fact are: 


e the structure and composition of something not shown to exist 
can’t be known, including the presence, structure, and function of 
any hypothetical spike or other proteins; 

e the genetic sequence of something that has never been found can’t 
be known; 


e “variants” of something that hasn’t been shown to exist can’t be 
known; 


e it’s impossible to demonstrate that SARS-CoV-2 causes a disease 
called Covid-19. 


In as concise terms as possible, here’s the proper way to isolate, 
characterize and demonstrate a new virus. First, one takes samples 
(blood, sputum, secretions) from many people (e.g. 500) with 
symptoms which are unique and specific enough to characterize an 
illness. Without mixing these samples with ANY tissue or products 
that also contain genetic material, the virologist macerates, filters 
and ultracentrifuges i.e. purifies the specimen. This common virology 
technique, done for decades to isolate bacteriophages! and so-called 
giant viruses in every virology lab, then allows the virologist to 
demonstrate with electron microscopy thousands of identically sized 
and shaped particles. These particles are the isolated and purified 
virus. 


These identical particles are then checked for uniformity by 
physical and/or microscopic techniques. Once the purity is 
determined, the particles may be further characterized. This would 
include examining the structure, morphology, and chemical 
composition of the particles. Next, their genetic makeup is 
characterized by extracting the genetic material directly from the 
purified particles and using genetic-sequencing techniques, such as 
Sanger sequencing, that have also been around for decades. Then 
one does an analysis to confirm that these uniform particles are 
exogenous (outside) in origin as a virus is conceptualized to be, and 
not the normal breakdown products of dead and dying tissues.” (As 
of May 2020, we know that virologists have no way to determine 
whether the particles they’re seeing are viruses or just normal break- 


down products of dead and dying tissues.)° 


1 Isolation, characterization and analysis of bacteriophages from the haloalkaline lake Elmenteita, 
KenyaJuliah Khayeli AKhwale et al, PLOS One, Published: April 25, 2019. 
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.d215734 — accessed 2/15/21 


2 "Extracellular Vesicles Derived From Apoptotic Cells: An Essential Link Between Death and 
Regeneration,” Maojiao Lil et al, Frontiers in Cell and Developmental Biology, 2020 October 2. 
https://wwwfrontiersin.org/articles/10.3389/fcell.2020.573511/full — accessed 2/15/21 


3 "The Role of Extraellular Vesicles as Allies of HIV, HCV and SARS Viruses,” Flavia Giannessi, et al, 
Viruses, 2020 May 


If we have come this far then we have fully isolated, characterized, 
and genetically sequenced an exogenous virus particle. However, we 
still have to show it is causally related to a disease. This is carried 
out by exposing a group of healthy subjects (animals are usually 
used) to this isolated, purified virus in the manner in which the 
disease is thought to be transmitted. If the animals get sick with the 
same disease, as confirmed by clinical and autopsy findings, one has 
now shown that the virus actually causes a disease. This 
demonstrates infectivity and transmission of an infectious agent. 


None of these steps has even been attempted with the SARS-CoV-2 
virus, nor have all these steps been successfully performed for any 
so-called pathogenic virus. Our research indicates that a single study 
showing these steps does not exist in the medical literature. 


Instead, since 1954, virologists have taken unpurified samples 
from a relatively few people, often less than ten, with a similar 
disease. They then minimally process this sample and inoculate this 
unpurified sample onto tissue culture containing usually four to six 
other types of material — all of which contain identical genetic 
material as to what is called a “virus.” The tissue culture is starved 
and poisoned and naturally disintegrates into many types of 
particles, some of which contain genetic material. Against all 
common sense, logic, use of the English language and scientific 
integrity, this process is called “virus isolation.” This brew 
containing fragments of genetic material from many sources is then 
subjected to genetic analysis, which then creates in a computer- 
simulation process the alleged sequence of the alleged virus, a so 
called in silico genome. At no time is an actual virus confirmed by 
electron microscopy. At no time is a genome extracted and 
sequenced from an actual virus. This is scientific fraud. 


The observation that the unpurified specimen — inoculated onto 
tissue culture along with toxic antibiotics, bovine fetal tissue, 
amniotic fluid and other tissues — destroys the kidney tissue onto 
which it is inoculated is given as evidence of the virus’ existence and 
pathogenicity. This is scientific fraud. 


From now on, when anyone gives you a paper that suggests the 
SARS-CoV-2 virus has been isolated, please check the methods 
sections. If the researchers used Vero cells or any other culture 
method, you know that their process was not isolation. You will hear 
the following excuses for why actual isolation isn’t done: 


1. There were not enough virus particles found in samples from patients to analyze. 


2. Viruses are intracellular parasites; they can’t be found outside the cell in this manner. 


If No. 1 is correct, and we can’t find the virus in the sputum of sick 
people, then on what evidence do we think the virus is dangerous or 
even lethal? If No. 2 is correct, then how is the virus spread from 
person to person? We are told it emerges from the cell to infect 
others. Then why isn’t it possible to find it? 


Finally, questioning these virology techniques and conclusions is 
not some distraction or divisive issue. Shining the light on this truth 
is essential to stop this terrible fraud that humanity is confronting. 
For, as we now know, if the virus has never been isolated, sequenced 
or shown to cause illness, if the virus is imaginary, then why are we 
wearing masks, social distancing and putting the whole world into 
prison? 


Finally, if pathogenic viruses don’t exist, then what is going into 
those injectable devices erroneously called “vaccines,” and what is 
their purpose? This scientific question is the most urgent and 
relevant one of our time. 


We are correct. The SARS-CoV? virus does not exist. 


Sally Fallon Morell, MA 
Dr. Thomas Cowan, MD 
Dr. Andrew Kaufman, MD 
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Ickonic is something that has been a dream of mine for the last 5 years. 
growing up around alternative information | have always had a natural interest 
in what is going on in the World and what could | do to make it better. 

Across the range of subjects and positions of influence occupied mainly by 
people who don't strive to make things better it's the Media that | have always 
found the most frustrating and fascinating. Mainly because if the Media did their 
Jobs properly then so much of the negative things happening in the World 
simply would not be able to happen, because they would be exposed within a 
heartbeat. 

Free Press and the Opportunities that the internet could have given would mean 
that the Media are able to expose things like never before and hold people to 
account for their actions. As we all know there are ‘Untouchables’ that walk 
among us, people the Media simply won't touch, expose or investigate and that 
leads to the dark underworlds that infest the establishment the World over. 
Well | say enough, it’s time for something different, a different kind of Media, 
where no one is off limits from exposing and investigating. All we're interested 
in at Ickonic is the truth of what is really going on in the World on whichever 
subject we're covering. 

We hope you enjoy what we have created and take something away from the 
platform. we aim to deliver information that's informative and most importantly 
self-empowering. you're not a little person, you're part of something much 
bigger than that and its time we as a collective race began to understand that 
and look to the future as ours to take. 


It's time... 


Jaymie Icke - Founder Ickonic Alternative Media. 
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We live in extraordinary times with billions bewildered and seeking answers for what 
is happening. David Icke, the man who has been proved right again and again, has 
spent 30 years uncovering the truth behind world affairs and in a stream of previous 
books he predicted current events. 


The Answer will change your every perception of life and the world and set you free of 


the illusions that control human society, There is nothing more vital for our collective 
freedom than humanity becoming aware of what is in this book 


Available now at davidicke.com. 
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noun 
A person who behaves in a rebelliously unconventional manner. 
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Biggest Secret; Children of the Matrix; The David Icke Guide to the 
Global Conspiracy; Tales from the Time Loop; The Perception 
Deception; Remember Who You Are; Human Race Get Off Your 
Knees; Phantom Self; Everything You Need To Know But Have Never 
Been Told, The Trigger and The Answer. 


You can subscribe to the fantastic new Ickonic media platform 
where there are many hundreds of hours of cutting-edge 
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Renegade: 
Adjective 
‘Having rejected tradition: Unconventional.’ 


Merriam-Webster Dictionary 


Acquiescence to tyranny is the death of the spirit 


You may be 38 years old, as I happen to be. And one day, 
some great opportunity stands before you and calls you to 
stand up for some great principle, some great issue, some 
great cause. And you refuse to do it because you are afraid 
... You refuse to do it because you want to live longer ... 
You're afraid that you will lose your job, or you are afraid 
that you will be criticised or that you will lose your 
popularity, or you're afraid that somebody will stab you, or 
shoot at you or bomb your house; so you refuse to take the 
stand. 


Well, you may go on and live until you are 90, but you’re just 
as dead at 38 as you would be at 90. And the cessation of 
breathing in your life is but the belated announcement of an 
earlier death of the spirit. 


Martin Luther King 


How the few control the many and always have — the many do 
whatever they're told 


‘Forward, the Light Brigade!’ 
Was there a man dismayed? 
Not though the soldier knew 
Someone had blundered. 
Theirs not to make reply, 
Theirs not to reason why, 
Theirs but to do and die. 
Into the valley of Death 
Rode the six hundred. 


Cannon to right of them, 
Cannon to left of them, 
Cannon in front of them 
Volleyed and thundered; 
Stormed at with shot and shell, 
Boldly they rode and well, 
Into the jaws of Death, 
Into the mouth of hell 
Rode the six hundred 


Alfred Lord Tennyson (1809-1892) 


The mist is lifting slowly 
I can see the way ahead 
And I’ve left behind the empty streets 
That once inspired my life 
And the strength of the emotion 
Is like thunder in the air 
‘Cos the promise that we made each other 
Haunts me to the end 


The secret of your beauty 
And the mystery of your soul 
I’ve been searching for in everyone I meet 
And the times I’ve been mistaken 
It’s impossible to say 
And the grass is growing 
Underneath our feet 


The words that I remember 
From my childhood still are true 
That there’s none so blind 
As those who will not see 
And to those who lack the courage 
And say it’s dangerous to try 
Well they just don’t know 
That love eternal will not be denied 


I know you're out there somewhere 
Somewhere, somewhere 
I know you're out there somewhere 


Somewhere you can hear my voice 
I know I'll find you somehow 
Somehow, somehow 
I know I'll find you somehow 
And somehow I'll return again to you 


The Moody Blues 


Are you a gutless wonder - or a Renegade Mind? 


Monuments put from pen to paper, 
Turns me into a gutless wonder, 
And if you tolerate this, 

Then your children will be next. 
Gravity keeps my head down, 
Or is it maybe shame ... 


Manic Street Preachers 


Rise like lions after slumber 

In unvanquishable number. 
Shake your chains to earth like dew 
Which in sleep have fallen on you. 

Ye are many — they are few. 


Percy Shelley 
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CHAPTER ONE 
fm thinking’ — Oh, but are you? 


Think for yourself and let others enjoy the privilege of doing so too 
Voltaire 


rench-born philosopher, mathematician and scientist René 
Descartes became famous for his statement in Latin in the 17th 
century which translates into English as: ‘I think, therefore I am.’ 


On the face of it that is true. Thought reflects perception and 
perception leads to both behaviour and self-identity. In that sense 
‘we’ are what we think. But who or what is doing the thinking and is 
thinking the only route to perception? Clearly, as we shall see, ‘we’ 
are not always the source of ‘our’ perception, indeed with regard to 
humanity as a whole this is rarely the case; and thinking is far from 
the only means of perception. Thought is the village idiot compared 
with other expressions of consciousness that we all have the 
potential to access and tap into. This has to be true when we are 
those other expressions of consciousness which are infinite in nature. 
We have forgotten this, or, more to the point, been manipulated to 
forget. 

These are not just the esoteric musings of the navel. The whole 
foundation of human control and oppression is control of 
perception. Once perception is hijacked then so is behaviour which 
is dictated by perception. Collective perception becomes collective 
behaviour and collective behaviour is what we call human society. 
Perception is all and those behind human control know that which is 


why perception is the target 24/7 of the psychopathic manipulators 
that I call the Global Cult. They know that if they dictate perception 
they will dictate behaviour and collectively dictate the nature of 
human society. They are further aware that perception is formed 
from information received and if they control the circulation of 
information they will to a vast extent direct human behaviour. 
Censorship of information and opinion has become globally Nazi- 
like in recent years and never more blatantly than since the illusory 
‘virus pandemic’ was triggered out of China in 2019 and across the 
world in 2020. Why have billions submitted to house arrest and 
accepted fascistic societies in a way they would have never believed 
possible? Those controlling the information spewing from 
government, mainstream media and Silicon Valley (all controlled by 
the same Global Cult networks) told them they were in danger from 
a ‘deadly virus’ and only by submitting to house arrest and 
conceding their most basic of freedoms could they and their families 
be protected. This monumental and provable lie became the 
perception of the billions and therefore the behaviour of the billions. In 
those few words you have the whole structure and modus operandi 
of human control. Fear is a perception — False Emotion Appearing 
Real — and fear is the currency of control. In short ... get them by the 
balls (or give them the impression that you have) and their hearts 
and minds will follow. Nothing grips the dangly bits and freezes the 
rear-end more comprehensively than fear. 


World number 1 

There are two ‘worlds’ in what appears to be one ‘world’ and the 
prime difference between them is knowledge. First we have the mass 
of human society in which the population is maintained in coldly- 
calculated ignorance through control of information and the 
‘education’ (indoctrination) system. That’s all you really need to 
control to enslave billions in a perceptual delusion in which what are 
perceived to be their thoughts and opinions are ever-repeated 
mantras that the system has been downloading all their lives 
through ‘education’, media, science, medicine, politics and academia 


in which the personnel and advocates are themselves 
overwhelmingly the perceptual products of the same repetition. 
Teachers and academics in general are processed by the same 
programming machine as everyone else, but unlike the great 
majority they never leave the ‘education’ program. It gripped them 
as students and continues to grip them as programmers of 
subsequent generations of students. The programmed become the 
programmers — the programmed programmers. The same can 
largely be said for scientists, doctors and politicians and not least 
because as the American writer Upton Sinclair said: ‘It is difficult to 
get a man to understand something when his salary depends upon 
his not understanding it.’ If your career and income depend on 
thinking the way the system demands then you will — bar a few free- 
minded exceptions — concede your mind to the Perceptual 
Mainframe that I call the Postage Stamp Consensus. This is a tiny 
band of perceived knowledge and possibility ‘taught’ (downloaded) 
in the schools and universities, pounded out by the mainstream 
media and on which all government policy is founded. Try thinking, 
and especially speaking and acting, outside of the ‘box’ of consensus 
and see what that does for your career in the Mainstream Everything 
which bullies, harasses, intimidates and ridicules the population into 
compliance. Here we have the simple structure which enslaves most 
of humanity in a perceptual prison cell for an entire lifetime and I'll 
go deeper into this process shortly. Most of what humanity is taught 
as fact is nothing more than programmed belief. American science 
fiction author Frank Herbert was right when he said: ‘Belief can be 
manipulated. Only knowledge is dangerous.’ In the ‘Covid’ age 
belief is promoted and knowledge is censored. It was always so, but 
never to the extreme of today. 


World number 2 

A ‘number 2’ is slang for ‘doing a poo’ and how appropriate that is 
when this other ‘world’ is doing just that on humanity every minute 
of every day. World number 2 is a global network of secret societies 
and semi-secret groups dictating the direction of society via 


governments, corporations and authorities of every kind. I have 
spent more than 30 years uncovering and exposing this network that 
I call the Global Cult and knowing its agenda is what has made my 
books so accurate in predicting current and past events. Secret 
societies are secret for a reason. They want to keep their hoarded 
knowledge to themselves and their chosen initiates and to hide it 
from the population which they seek through ignorance to control 
and subdue. The whole foundation of the division between World 1 
and World 2 is knowledge. What number 1 knows number 2 must not. 
Knowledge they have worked so hard to keep secret includes (a) the 
agenda to enslave humanity in a centrally-controlled global 
dictatorship, and (b) the nature of reality and life itself. The latter (b) 
must be suppressed to allow the former (a) to prevail as I shall be 
explaining. The way the Cult manipulates and interacts with the 
population can be likened to a spider’s web. The ‘spider’ sits at the 
centre in the shadows and imposes its will through the web with 
each strand represented in World number 2 by a secret society, 
satanic or semi-secret group, and in World number 1 — the world of 
the seen — by governments, agencies of government, law 
enforcement, corporations, the banking system, media 
conglomerates and Silicon Valley (Fig 1 overleaf). The spider and the 
web connect and coordinate all these organisations to pursue the 
same global outcome while the population sees them as individual 
entities working randomly and independently. At the level of the 
web governments are the banking system are the corporations are the 
media are Silicon Valley are the World Health Organization working 
from their inner cores as one unit. Apparently unconnected 
countries, corporations, institutions, organisations and people are on 
the same team pursuing the same global outcome. Strands in the web 
immediately around the spider are the most secretive and exclusive 
secret societies and their membership is emphatically restricted to 
the Cult inner-circle emerging through the generations from 
particular bloodlines for reasons I will come to. At the core of the 
core you would get them in a single room. That’s how many people 
are dictating the direction of human society and its transformation 


through the ‘Covid’ hoax and other means. As the web expands out 
from the spider we meet the secret societies that many people will be 
aware of — the Freemasons, Knights Templar, Knights of Malta, Opus 
Dei, the inner sanctum of the Jesuit Order, and such like. Note how 
many are connected to the Church of Rome and there is a reason for 
that. The Roman Church was established as a revamp, a rebranding, 
of the relocated ‘Church’ of Babylon and the Cult imposing global 
tyranny today can be tracked back to Babylon and Sumer in what is 
now Iraq. 


Figure 1: The global web through which the few control the many. (Image Neil Hague.) 


Inner levels of the web operate in the unseen away from the public 
eye and then we have what I call the cusp organisations located at 
the point where the hidden meets the seen. They include a series of 
satellite organisations answering to a secret society founded in 
London in the late 19th century called the Round Table and among 
them are the Royal Institute of International Affairs (UK, founded in 
1920); Council on Foreign Relations (US, 1921); Bilderberg Group 
(worldwide, 1954); Trilateral Commission (US/worldwide, 1972); and 
the Club of Rome (worldwide, 1968) which was created to exploit 
environmental concerns to justify the centralisation of global power 
to ‘save the planet’. The Club of Rome instigated with others the 
human-caused climate change hoax which has led to all the ‘green 


new deals’ demanding that very centralisation of control. Cusp 
organisations, which include endless ‘think tanks’ all over the world, 
are designed to coordinate a single global policy between political 
and business leaders, intelligence personnel, media organisations 
and anyone who can influence the direction of policy in their own 
sphere of operation. Major players and regular attenders will know 
what is happening — or some of it — while others come and go and 
are kept overwhelmingly in the dark about the big picture. I refer to 
these cusp groupings as semi-secret in that they can be publicly 
identified, but what goes on at the inner-core is kept very much ‘in 
house’ even from most of their members and participants through a 
fiercely-imposed system of compartmentalisation. Only let them 
know what they need to know to serve your interests and no more. 
The structure of secret societies serves as a perfect example of this 
principle. Most Freemasons never get higher than the bottom three 
levels of ‘degree’ (degree of knowledge) when there are 33 official 
degrees of the Scottish Rite. Initiates only qualify for the next higher 
‘compartment’ or degree if those at that level choose to allow them. 
Knowledge can be carefully assigned only to those considered ‘safe’. 
I went to my local Freemason’s lodge a few years ago when they 
were having an ‘open day’ to show how cuddly they were and when 
I chatted to some of them I was astonished at how little the rank and 
file knew even about the most ubiquitous symbols they use. The 
mushroom technique — keep them in the dark and feed them bullshit 
— applies to most people in the web as well as the population as a 
whole. Sub-divisions of the web mirror in theme and structure 
transnational corporations which have a headquarters somewhere in 
the world dictating to all their subsidiaries in different countries. 
Subsidiaries operate in their methodology and branding to the same 
centrally-dictated plan and policy in pursuit of particular ends. The 
Cult web functions in the same way. Each country has its own web 
as a subsidiary of the global one. They consist of networks of secret 
societies, semi-secret groups and bloodline families and their job is 
to impose the will of the spider and the global web in their particular 
country. Subsidiary networks control and manipulate the national 
political system, finance, corporations, media, medicine, etc. to 


ensure that they follow the globally-dictated Cult agenda. These 
networks were the means through which the ‘Covid’ hoax could be 
played out with almost every country responding in the same way. 


The ‘Yessir pyramid 

Compartmentalisation is the key to understanding how a tiny few 
can dictate the lives of billions when combined with a top-down 
sequence of imposition and acquiescence. The inner core of the Cult 
sits at the peak of the pyramidal hierarchy of human society (Fig 2 
overleaf). It imposes its will — its agenda for the world — on the level 
immediately below which acquiesces to that imposition. This level 
then imposes the Cult will on the level below them which acquiesces 
and imposes on the next level. Very quickly we meet levels in the 
hierarchy that have no idea there even is a Cult, but the sequence of 
imposition and acquiescence continues down the pyramid in just the 
same way. ‘I don’t know why we are doing this but the order came 
from “on-high” and so we better just do it.” Alfred Lord Tennyson 
said of the cannon fodder levels in his poem The Charge of the Light 
Brigade: ‘Theirs not to reason why; theirs but to do and die.’ The next 
line says that ‘into the valley of death rode the six hundred’ and they 
died because they obeyed without question what their perceived 
‘superiors’ told them to do. In the same way the population 
capitulated to “‘Covid’. The whole hierarchical pyramid functions 
like this to allow the very few to direct the enormous many. 
Eventually imposition-acquiescence-imposition-acquiescence comes 
down to the mass of the population at the foot of the pyramid. If 
they acquiesce to those levels of the hierarchy imposing on them 
(governments/law enforcement/doctors/media) a circuit is 
completed between the population and the handful of super- 
psychopaths in the Cult inner core at the top of the pyramid. 
Without a circuit-breaking refusal to obey, the sequence of 
imposition and acquiescence allows a staggeringly few people to 
impose their will upon the entirety of humankind. We are looking at 
the very sequence that has subjugated billions since the start of 2020. 
Our freedom has not been taken from us. Humanity has given it 


away. Fascists do not impose fascism because there are not enough 
of them. Fascism is imposed by the population acquiescing to 
fascism. Put another way allowing their perceptions to be 
programmed to the extent that leads to the population giving their 
freedom away by giving their perceptions — their mind — away. If this 
circuit is not broken by humanity ceasing to cooperate with their 
own enslavement then nothing can change. For that to happen 
people have to critically think and see through the lies and window 
dressing and then summon the backbone to act upon what they see. 
The Cult spends its days working to stop either happening and its 
methodology is systematic and highly detailed, but it can be 
overcome and that is what this book is all about. 


Figure 2: The simple sequence of imposition and compliance that allows a handful of people 
at the peak of the pyramid to dictate the lives of billions. 


The Life Program 

Okay, back to world number 1 or the world of the ‘masses’. Observe 
the process of what we call ‘life’ and it is a perceptual download 
from cradle to grave. The Cult has created a global structure in 
which perception can be programmed and the program continually 
topped-up with what appears to be constant confirmation that the 
program is indeed true reality. The important word here is ‘appears’. 


This is the structure, the fly-trap, the Postage Stamp Consensus or 
Perceptual Mainframe, which represents that incredibly narrow 
band of perceived possibility delivered by the ‘education’ system, 
mainstream media, science and medicine. From the earliest age the 
download begins with parents who have themselves succumbed to 
the very programming their children are about to go through. Most 
parents don’t do this out of malevolence and mostly it is quite the 
opposite. They do what they believe is best for their children and 
that is what the program has told them is best. Within three or four 
years comes the major transition from parental programming to full- 
blown state (Cult) programming in school, college and university 
where perceptually-programmed teachers and academics pass on 
their programming to the next generations. Teachers who resist are 
soon marginalised and their careers ended while children who resist 
are called a problem child for whom Ritalin may need to be 
prescribed. A few years after entering the ‘world’ children are under 
the control of authority figures representing the state telling them 
when they have to be there, when they can leave and when they can 
speak, eat, even go to the toilet. This is calculated preparation for a 
lifetime of obeying authority in all its forms. Reflex-action fear of 
authority is instilled by authority from the start. Children soon learn 
the carrot and stick consequences of obeying or defying authority 
which is underpinned daily for the rest of their life. Fortunately I 
daydreamed through this crap and never obeyed authority simply 
because it told me to. This approach to my alleged ‘betters’ continues 
to this day. There can be consequences of pursuing open-minded 
freedom in a world of closed-minded conformity. I spent a lot of time 
in school corridors after being ejected from the classroom for not 
taking some of it seriously and now I spend a lot of time being 
ejected from Facebook, YouTube and Twitter. But I can tell you that 
being true to yourself and not compromising your self-respect is far 
more exhilarating than bowing to authority for authority’s sake. You 
don’t have to be a sheep to the shepherd (authority) and the sheep 
dog (fear of not obeying authority). 


The perceptual download continues throughout the formative 
years in school, college and university while script-reading 
‘teachers’, ‘academics’ ‘scientists’, ‘doctors’ and ‘journalists’ insist 
that ongoing generations must be as programmed as they are. 
Accept the program or you will not pass your ‘exams’ which confirm 
your ‘degree’ of programming. It is tragic to think that many parents 
pressure their offspring to work hard at school to download the 
program and qualify for the next stage at college and university. The 
late, great, American comedian George Carlin said: ‘Here’s a bumper 
sticker I’d like to see: We are proud parents of a child who has 
resisted his teachers’ attempts to break his spirit and bend him to the 
will of his corporate masters.’ Well, the best of luck finding many of 
those, George. Then comes the moment to leave the formal 
programming years in academia and enter the ‘adult’ world of work. 
There you meet others in your chosen or prescribed arena who went 
through the same Postage Stamp Consensus program before you 
did. There is therefore overwhelming agreement between almost 
everyone on the basic foundations of Postage Stamp reality and the 
rejection, even contempt, of the few who have a mind of their own 
and are prepared to use it. This has two major effects. Firstly, the 
consensus confirms to the programmed that their download is really 
how things are. I mean, everyone knows that, right? Secondly, the 
arrogance and ignorance of Postage Stamp adherents ensure that 
anyone questioning the program will have unpleasant consequences 
for seeking their own truth and not picking their perceptions from 
the shelf marked: ‘Things you must believe without question and if 
you don’t you're a dangerous lunatic conspiracy theorist and a 
harebrained nutter’. 


Every government, agency and corporation is founded on the 
same Postage Stamp prison cell and you can see why so many 
people believe the same thing while calling it their own ‘opinion’. 
Fusion of governments and corporations in pursuit of the same 
agenda was the definition of fascism described by Italian dictator 
Benito Mussolini. The pressure to conform to perceptual norms 
downloaded for a lifetime is incessant and infiltrates society right 


down to family groups that become censors and condemners of their 
own ‘black sheep’ for not, ironically, being sheep. We have seen an 
explosion of that in the ‘Covid’ era. Cult-owned global media 
unleashes its propaganda all day every day in support of the Postage 
Stamp and targets with abuse and ridicule anyone in the public eye 
who won't bend their mind to the will of the tyranny. Any response 
to this is denied (certainly in my case). They don’t want to give a 
platform to expose official lies. Cult-owned-and-created Internet 
giants like Facebook, Google, YouTube and Twitter delete you for 
having an unapproved opinion. Facebook boasts that its AI censors 
delete 97-percent of ‘hate speech’ before anyone even reports it. 
Much of that ‘hate speech’ will simply be an opinion that Facebook 
and its masters don’t want people to see. Such perceptual oppression 
is widely known as fascism. Even Facebook executive Benny 
Thomas, a ‘CEO Global Planning Lead’, said in comments secretly 
recorded by investigative journalism operation Project Veritas that 
Facebook is ‘too powerful’ and should be broken up: 


| mean, no king in history has been the ruler of two billion people, but Mark Zuckerberg is ... 
And he’s 36. That’s too much for a 36-year-old ... You should not have power over two billion 
people. | just think that’s wrong. 


Thomas said Facebook-owned platforms like Instagram, Oculus, and 
WhatsApp needed to be separate companies. ‘It’s too much power 
when they’re all one together’. That’s the way the Cult likes it, 
however. We have an executive of a Cult organisation in Benny 
Thomas that doesn’t know there is a Cult such is the 
compartmentalisation. Thomas said that Facebook and Google ‘are 
no longer companies, they’re countries’. Actually they are more 
powerful than countries on the basis that if you control information 
you control perception and control human society. 


Another expression of this psychological trickery is for those who 
realise they are being pressured into compliance to eventually 


convince themselves to believe the official narratives to protect their 
self-respect from accepting the truth that they have succumbed to 
meek and subservient compliance. Such people become some of the 
most vehement defenders of the system. You can see them 
everywhere screaming abuse at those who prefer to think for 
themselves and by doing so reminding the compliers of their own 
capitulation to conformity. “You are talking dangerous nonsense you 
Covidiot!!’ Are you trying to convince me or yourself? It is a potent 
form of Stockholm syndrome which is defined as: ‘A psychological 
condition that occurs when a victim of abuse identifies and attaches, 
or bonds, positively with their abuser.’ An example is hostages 
bonding and even ‘falling in love’ with their kidnappers. The 
syndrome has been observed in domestic violence, abused children, 
concentration camp inmates, prisoners of war and many and various 
Satanic cults. These are some traits of Stockholm syndrome listed at 
goodtherapy.org: 


e Positive regard towards perpetrators of abuse or captor [see 
‘Covid’]. 

e Failure to cooperate with police and other government authorities 
when it comes to holding perpetrators of abuse or kidnapping 
accountable [or in the case of ‘Covid’ cooperating with the police 
to enforce and defend their captors’ demands]. 

e Little or no effort to escape [see ‘Covid’]. 


¢ Belief in the goodness of the perpetrators or kidnappers [see 
‘Covid’]. 

e Appeasement of captors. This is a manipulative strategy for 
maintaining one’s safety. As victims get rewarded — perhaps with 
less abuse or even with life itself — their appeasing behaviours are 
reinforced [see ‘Covid’]. 


e Learned helplessness. This can be akin to ‘if you can’t beat “em, 
join ‘em’. As the victims fail to escape the abuse or captivity, they 
may start giving up and soon realize it’s just easier for everyone if 
they acquiesce all their power to their captors [see ‘Covid’]. 


Feelings of pity toward the abusers, believing they are actually 

victims themselves. Because of this, victims may go on a crusade 

or mission to ‘save’ [protect] their abuser [see the venom 

unleashed on those challenging the official ‘Covid’ narrative]. 

¢ Unwillingness to learn to detach from their perpetrators and heal. 
In essence, victims may tend to be less loyal to themselves than to 
their abuser [ definitely see ‘Covid’]. 


Ponder on those traits and compare them with the behaviour of 
great swathes of the global population who have defended 
governments and authorities which have spent every minute 
destroying their lives and livelihoods and those of their children and 
grandchildren since early 2020 with fascistic lockdowns, house arrest 
and employment deletion to ‘protect’ them from a ‘deadly virus’ that 
their abusers’ perceptually created to bring about this very outcome. 
We are looking at mass Stockholm syndrome. All those that agree to 
concede their freedom will believe those perceptions are originating 
in their own independent ‘mind’ when in fact by conceding their 
reality to Stockholm syndrome they have by definition conceded any 
independence of mind. Listen to the ‘opinions’ of the acquiescing 
masses in this ‘Covid’ era and what gushes forth is the repetition of 
the official version of everything delivered unprocessed, unfiltered 
and unquestioned. The whole programming dynamic works this 
way. I must be free because I’m told that Iam and so I think that I 
am. 

You can see what I mean with the chapter theme of ‘I’m thinking — 
Oh, but are you?’ The great majority are not thinking, let alone for 
themselves. They are repeating what authority has told them to 
believe which allows them to be controlled. Weaving through this 
mentality is the fear that the ‘conspiracy theorists’ are right and this 
again explains the often hysterical abuse that ensues when you dare 
to contest the official narrative of anything. Denial is the mechanism 
of hiding from yourself what you don’t want to be true. Telling 
people what they want to hear is easy, but it’s an infinitely greater 
challenge to tell them what they would rather not be happening. 


One is akin to pushing against an open door while the other is met 
with vehement resistance no matter what the scale of evidence. I 
don’t want it to be true so I’ll convince myself that it’s not. Examples 
are everywhere from the denial that a partner is cheating despite all 
the signs to the reflex-action rejection of any idea that world events 
in which country after country act in exactly the same way are 
centrally coordinated. To accept the latter is to accept that a force of 
unspeakable evil is working to destroy your life and the lives of your 
children with nothing too horrific to achieve that end. Who the heck 
wants that to be true? But if we don’t face reality the end is duly 
achieved and the consequences are far worse and ongoing than 
breaking through the walls of denial today with the courage to make 
a stand against tyranny. 


A crucial aspect of perceptual programming is to portray a world in 
which everything is random and almost nothing is connected to 
anything else. Randomness cannot be coordinated by its very nature 
and once you perceive events as random the idea they could be 
connected is waved away as the rantings of the tinfoil-hat brigade. 
You can’t plan and coordinate random you idiot! No, you can’t, but 
you can hide the coldly-calculated and long-planned behind the 
illusion of randomness. A foundation manifestation of the Renegade 
Mind is to scan reality for patterns that connect the apparently 
random and turn pixels and dots into pictures. This is the way I 
work and have done so for more than 30 years. You look for 
similarities in people, modus operandi and desired outcomes and 
slowly, then ever quicker, the picture forms. For instance: There 
would seem to be no connection between the ‘Covid pandemic’ hoax 
and the human-caused global-warming hoax and yet they are masks 
(appropriately) on the same face seeking the same outcome. Those 
pushing the global warming myth through the Club of Rome and 
other Cult agencies are driving the lies about ‘Covid’ — Bill Gates is 
an obvious one, but they are endless. Why would the same people be 
involved in both when they are clearly not connected? Oh, but they 


are. Common themes with personnel are matched by common goals. 
The ‘solutions’ to both ‘problems’ are centralisation of global power 
to impose the will of the few on the many to ‘save’ humanity from 
‘Covid’ and save the planet from an ‘existential threat’ (we need 
‘zero Covid’ and ‘zero carbon emissions’). These, in turn, connect 
with the ‘dot’ of globalisation which was coined to describe the 
centralisation of global power in every area of life through incessant 
political and corporate expansion, trading blocks and superstates 
like the European Union. If you are the few and you want to control 
the many you have to centralise power and decision-making. The 
more you centralise power the more power the few at the centre will 
have over the many; and the more that power is centralised the more 
power those at the centre have to centralise even quicker. The 
momentum of centralisation gets faster and faster which is exactly 
the process we have witnessed. In this way the hoaxed ‘pandemic’ 
and the fakery of human-caused global warming serve the interests 
of globalisation and the seizure of global power in the hands of the 
Cult inner-circle which is behind ‘Covid’, ‘climate change’ and 
globalisation. At this point random ‘dots’ become a clear and 
obvious picture or pattern. 

Klaus Schwab, the classic Bond villain who founded the Cult’s 
Gates-funded World Economic Forum, published a book in 2020, The 
Great Reset, in which he used the ‘problem’ of ‘Covid’ to justify a 
total transformation of human society to ‘save’ humanity from 
‘climate change’. Schwab said: “The pandemic represents a rare but 
narrow window of opportunity to reflect, reimagine, and reset our 
world.’ What he didn’t mention is that the Cult he serves is behind 
both hoaxes as I show in my book The Answer. He and the Cult don’t 
have to reimagine the world. They know precisely what they want 
and that’s why they destroyed human society with ‘Covid’ to ‘build 
back better’ in their grand design. Their job is not to imagine, but to 
get humanity to imagine and agree with their plans while believing 
it’s all random. It must be pure coincidence that ‘The Great Reset’ 
has long been the Cult’s code name for the global imposition of 
fascism and replaced previous code-names of the ‘New World 


Order’ used by Cult frontmen like Father George Bush and the ‘New 
Order of the Ages’ which emerged from Freemasonry and much 
older secret societies. New Order of the Ages appears on the reverse 
of the Great Seal of the United States as ‘Novus ordo seclorum’ 
underneath the Cult symbol used since way back of the pyramid and 
all seeing-eye (Fig 3). The pyramid is the hierarchy of human control 
headed by the illuminated eye that symbolises the force behind the 
Cult which I will expose in later chapters. The term ‘Annuit Coeptis’ 
translates as ‘He favours our undertaking’. We are told the ‘He’ is 
the Christian god, but ‘He’ is not as I will be explaining. 


Figure 3: The all-seeing eye of the Cult ‘god’ on the Freemason-designed Great Seal of the 
United States and also on the dollar bill. 


Having you on 

Two major Cult techniques of perceptual manipulation that relate to 
all this are what I have called since the 1990s Problem-Reaction- 
Solution (PRS) and the Totalitarian Tiptoe (TT). They can be 
uncovered by the inquiring mind with a simple question: Who 
benefits? The answer usually identifies the perpetrators of a given 
action or happening through the concept of ‘he who most benefits 
from a crime is the one most likely to have committed it’. The Latin 
‘Cue bono?’ — Who benefits? — is widely attributed to the Roman 
orator and statesman Marcus Tullius Cicero. No wonder it goes back 
so far when the concept has been relevant to human behaviour since 


history was recorded. Problem-Reaction-Solution is the technique 
used to manipulate us every day by covertly creating a problem (or 
the illusion of one) and offering the solution to the problem (or the 
illusion of one). In the first phase you create the problem and blame 
someone or something else for why it has happened. This may relate 
to a financial collapse, terrorist attack, war, global warming or 
pandemic, anything in fact that will allow you to impose the 
‘solution’ to change society in the way you desire at that time. The 
‘problem’ doesn’t have to be real. PRS is manipulation of perception 
and all you need is the population to believe the problem is real. 
Human-caused global warming and the ‘Covid pandemic’ only have 
to be perceived to be real for the population to accept the ‘solutions’ of 
authority. I refer to this technique as NO-Problem-Reaction-Solution. 
Billions did not meekly accept house arrest from early 2020 because 
there was a real deadly ‘Covid pandemic’ but because they 
perceived — believed — that to be the case. The antidote to Problem- 
Reaction-Solution is to ask who benefits from the proposed solution. 
Invariably it will be anyone who wants to justify more control 
through deletion of freedom and centralisation of power and 
decision-making. 

The two world wars were Problem-Reaction-Solutions that 
transformed and realigned global society. Both were manipulated 
into being by the Cult as I have detailed in books since the mid- 
1990s. They dramatically centralised global power, especially World 
War Two, which led to the United Nations and other global bodies 
thanks to the overt and covert manipulations of the Rockefeller 
family and other Cult bloodlines like the Rothschilds. The UN is a 
stalking horse for full-blown world government that I will come to 
shortly. The land on which the UN building stands in New York was 
donated by the Rockefellers and the same Cult family was behind 
Big Pharma scalpel and drug ‘medicine’ and the creation of the 
World Health Organization as part of the UN. They have been 
stalwarts of the eugenics movement and funded Hitler’s race-purity 
expert’ Ernst Rudin. The human-caused global warming hoax has 
been orchestrated by the Club of Rome through the UN which is 


manufacturing both the ‘problem’ through its Intergovernmental 
Panel on Climate Change and imposing the ‘solution’ through its 
Agenda 21 and Agenda 2030 which demand the total centralisation 
of global power to ‘save the world’ from a climate hoax the United 
Nations is itself perpetrating. What a small world the Cult can be 
seen to be particularly among the inner circles. The bedfellow of 
Problem-Reaction-Solution is the Totalitarian Tiptoe which became 
the Totalitarian Sprint in 2020. The technique is fashioned to hide the 
carefully-coordinated behind the cover of apparently random events. 
You start the sequence at ‘A’ and you know you are heading for ‘Z’. 
You don’t want people to know that and each step on the journey is 
presented as a random happening while all the steps strung together 
lead in the same direction. The speed may have quickened 
dramatically in recent times, but you can still see the incremental 
approach of the Tiptoe in the case of ‘Covid’ as each new imposition 
takes us deeper into fascism. Tell people they have to do this or that 
to get back to ‘normal’, then this and this and this. With each new 
demand adding to the ones that went before the population’s 
freedom is deleted until it disappears. The spider wraps its web 
around the flies more comprehensively with each new diktat. I’ll 
highlight this in more detail when I get to the ‘Covid’ hoax and how 
it has been pulled off. Another prime example of the Totalitarian 
Tiptoe is how the Cult-created European Union went from a ‘free- 
trade zone’ to a centralised bureaucratic dictatorship through the 
Tiptoe of incremental centralisation of power until nations became 
mere administrative units for Cult-owned dark suits in Brussels. 


The antidote to ignorance is knowledge which the Cult seeks 
vehemently to deny us, but despite the systematic censorship to that 
end the Renegade Mind can overcome this by vociferously seeking 
out the facts no matter the impediments put in the way. There is also 
a method of thinking and perceiving — knowing — that doesn’t even 
need names, dates, place-type facts to identify the patterns that 
reveal the story. I’ll get to that in the final chapter. All you need to 
know about the manipulation of human society and to what end is 
still out there — at the time of writing — in the form of books, videos 


and websites for those that really want to breach the walls of 
programmed perception. To access this knowledge requires the 
abandonment of the mainstream media as a source of information in 
the awareness that this is owned and controlled by the Cult and 
therefore promotes mass perceptions that suit the Cult. Mainstream 
media lies all day, every day. That is its function and very reason for 
being. Where it does tell the truth, here and there, is only because the 
truth and the Cult agenda very occasionally coincide. If you look for 
fact and insight to the BBC, CNN and virtually all the rest of them 
you are asking to be conned and perceptually programmed. 


Events seem random when you have no idea where the world is 
being taken. Once you do the random becomes the carefully 
planned. Know the outcome and you'll see the journey is a phrase I 
have been using for a long time to give context to daily happenings 
that appear unconnected. Does a problem, or illusion of a problem, 
trigger a proposed ‘solution’ that further drives society in the 
direction of the outcome? Invariably the answer will be yes and the 
random — abracadabra — becomes the clearly coordinated. So what is 
this outcome that unlocks the door to a massively expanded 
understanding of daily events? I will summarise its major aspects — 
the fine detail is in my other books — and those new to this 
information will see that the world they thought they were living in 
is a very different place. The foundation of the Cult agenda is the 
incessant centralisation of power and all such centralisation is 
ultimately in pursuit of Cult control on a global level. I have 
described for a long time the planned world structure of top-down 
dictatorship as the Hunger Games Society. The term obviously 
comes from the movie series which portrayed a world in which a 
few living in military-protected hi-tech luxury were the overlords of 
a population condemned to abject poverty in isolated ‘sectors’ that 
were not allowed to interact. ‘Covid’ lockdowns and travel bans 
anyone? The ‘Hunger Games’ pyramid of structural control has the 
inner circle of the Cult at the top with pretty much the entire 


population at the bottom under their control through dependency 
for survival on the Cult. The whole structure is planned to be 
protected and enforced by a military-police state (Fig 4). 


Here you have the reason for the global lockdowns of the fake 
pandemic to coldly destroy independent incomes and livelihoods 
and make everyone dependent on the ‘state’ (the Cult that controls 
the ‘states’). I have warned in my books for many years about the 
plan to introduce a ‘guaranteed income’ — a barely survivable 
pittance — designed to impose dependency when employment was 
destroyed by AI technology and now even more comprehensively at 
great speed by the ‘Covid’ scam. Once the pandemic was played and 
lockdown consequences began to delete independent income the 
authorities began to talk right on cue about the need for a 
guaranteed income and a ‘Great Reset’. Guaranteed income will be 
presented as benevolent governments seeking to help a desperate 
people — desperate as a direct result of actions of the same 
governments. The truth is that such payments are a trap. You will 
only get them if you do exactly what the authorities demand 
including mass vaccination (genetic manipulation). We have seen 
this theme already in Australia where those dependent on 
government benefits have them reduced if parents don’t agree to 
have their children vaccinated according to an insane health- 
destroying government-dictated schedule. Calculated economic 
collapse applies to governments as well as people. The Cult wants 
rid of countries through the creation of a world state with countries 
broken up into regions ruled by a world government and super 
states like the European Union. Countries must be bankrupted, too, 
to this end and it’s being achieved by the trillions in ‘rescue 
packages’ and furlough payments, trillions in lost taxation, and 
money-no-object spending on ‘Covid’ including constant all- 
medium advertising (programming) which has made the media 
dependent on government for much of its income. The day of 
reckoning is coming — as planned — for government spending and 
given that it has been made possible by printing money and not by 
production/taxation there is inflation on the way that has the 


potential to wipe out monetary value. In that case there will be no 
need for the Cult to steal your money. It just won't be worth 
anything (see the German Weimar Republic before the Nazis took 
over). Many have been okay with lockdowns while getting a 
percentage of their income from so-called furlough payments 
without having to work. Those payments are dependent, however, 
on people having at least a theoretical job with a business considered 
non-essential and ordered to close. As these business go under 
because they are closed by lockdown after lockdown the furlough 
stops and it will for everyone eventually. Then what? The ‘then 
what?’ is precisely the idea. 
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Figure 4: The Hunger Games Society structure | have long warned was planned and now the 
‘Covid’ hoax has made it possible. This is the real reason for lockdowns. 


Between the Hunger Games Cult elite and the dependent population 
is planned to be a vicious military-police state (a fusion of the two 
into one force). This has been in the making for a long time with 
police looking ever more like the military and carrying weapons to 
match. The pandemic scam has seen this process accelerate so fast as 


lockdown house arrest is brutally enforced by carefully recruited 
fascist minds and gormless system-servers. The police and military 
are planned to merge into a centrally-directed world army ina 
global structure headed by a world government which wouldn't be 
elected even by the election fixes now in place. The world army is 
not planned even to be human and instead wars would be fought, 
primarily against the population, using robot technology controlled 
by artificial intelligence. I have been warning about this for decades 
and now militaries around the world are being transformed by this 
very AI technology. The global regime that I describe is a particular 
form of fascism known as a technocracy in which decisions are not 
made by clueless and co-opted politicians but by unelected 
technocrats — scientists, engineers, technologists and bureaucrats. 
Cult-owned-and-controlled Silicon Valley giants are examples of 
technocracy and they already have far more power to direct world 
events than governments. They are with their censorship selecting 
governments. I know that some are calling the ‘Great Reset’ a 
Marxist communist takeover, but fascism and Marxism are different 
labels for the same tyranny. Tell those who lived in fascist Germany 
and Stalinist Russia that there was a difference in the way their 
freedom was deleted and their lives controlled. I could call it a fascist 
technocracy or a Marxist technocracy and they would be equally 
accurate. The Hunger Games society with its world government 
structure would oversee a world army, world central bank and single 
world cashless currency imposing its will on a microchipped 
population (Fig 5). Scan its different elements and see how the 
illusory pandemic is forcing society in this very direction at great 
speed. Leaders of 23 countries and the World Health Organization 
(WHO) backed the idea in March, 2021, of a global treaty for 
‘international cooperation’ in ‘health emergencies’ and nations 
should ‘come together as a global community for peaceful 
cooperation that extends beyond this crisis’. Cut the Orwellian 
bullshit and this means another step towards global government. 
The plan includes a cashless digital money system that I first warned 
about in 1993. Right at the start of “Covid’ the deeply corrupt Tedros 


Adhanom Ghebreyesus, the crooked and merely gofer ‘head’ of the 
World Health Organization, said it was possible to catch the ‘virus’ 
by touching cash and it was better to use cashless means. The claim 
was ridiculous nonsense and like the whole ‘Covid’ mind-trick it 
was nothing to do with ‘health’ and everything to do with pushing 
every aspect of the Cult agenda. As a result of the Tedros lie the use 
of cash has plummeted. The Cult script involves a single world 
digital currency that would eventually be technologically embedded 
in the body. China is a massive global centre for the Cult and if you 
watch what is happening there you will know what is planned for 
everywhere. The Chinese government is developing a digital 
currency which would allow fines to be deducted immediately via 
Al for anyone caught on camera breaking its fantastic list of laws 
and the money is going to be programmable with an expiry date to 
ensure that no one can accrue wealth except the Cult and its 
operatives. 
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Figure 5: The structure of global control the Cult has been working towards for so long and 
this has been enormously advanced by the ‘Covid’ illusion. 


Seridom is so smart 

The Cult plan is far wider, extreme, and more comprehensive than 
even most conspiracy researchers appreciate and I will come to the 
true depths of deceit and control in the chapters ‘Who controls the 


Cult?’ and ‘Escaping Wetiko’. Even the world that we know is crazy 
enough. We are being deluged with ever more sophisticated and 
controlling technology under the heading of ‘smart’. We have smart 
televisions, smart meters, smart cards, smart cars, smart driving, 
smart roads, smart pills, smart patches, smart watches, smart skin, 
smart borders, smart pavements, smart streets, smart cities, smart 
communities, smart environments, smart growth, smart planet ... 
smart everything around us. Smart technologies and methods of 
operation are designed to interlock to create a global Smart Grid 
connecting the entirety of human society including human minds to 
create a centrally-dictated ‘hive’ mind. ‘Smart cities’ is code for 
densely-occupied megacities of total surveillance and control 
through AI. Ever more destructive frequency communication 
systems like 5G have been rolled out without any official testing for 
health and psychological effects (colossal). 5G/6G/7G systems are 
needed to run the Smart Grid and each one becomes more 
destructive of body and mind. Deleting independent income is 
crucial to forcing people into these Al-policed prisons by ending 
private property ownership (except for the Cult elite). The Cult’s 
Great Reset now openly foresees a global society in which no one 
will own any possessions and everything will be rented while the 
Cult would own literally everything under the guise of government 
and corporations. The aim has been to use the lockdowns to destroy 
sources of income on a mass scale and when the people are destitute 
and in unrepayable amounts of debt (problem) Cult assets come 
forward with the pledge to write-off debt in return for handing over 
all property and possessions (solution). Everything — literally 
everything including people — would be connected to the Internet 
via AI. I was warning years ago about the coming Internet of Things 
(loT) in which all devices and technology from your car to your 
fridge would be plugged into the Internet and controlled by AI. 
Now we are already there with much more to come. The next stage 
is the Internet of Everything (IoE) which is planned to include the 
connection of AI to the human brain and body to replace the human 
mind with a centrally-controlled AI mind. Instead of perceptions 


being manipulated through control of information and censorship 
those perceptions would come direct from the Cult through AI. 
What do you think? You think whatever AI decides that you think. 
In human terms there would be no individual ‘think’ any longer. Too 
incredible? The ravings of a lunatic? Not at all. Cult-owned crazies 
in Silicon Valley have been telling us the plan for years without 
explaining the real motivation and calculated implications. These 
include Google executive and ‘futurist’ Ray Kurzweil who highlights 
the year 2030 for when this would be underway. He said: 


Our thinking ... will be a hybrid of biological and non-biological thinking ... humans will be 
able to extend their limitations and ‘think in the cloud’ ... We’re going to put gateways to the 
cloud in our brains ... We're going to gradually merge and enhance ourselves ... In my view, 
that’s the nature of being human — we transcend our limitations. 


As the technology becomes vastly superior to what we are then the small proportion that is 
still human gets smaller and smaller and smaller until it’s just utterly negligible. 


The sales-pitch of Kurzweil and Cult-owned Silicon Valley is that 
this would make us ‘super-human’ when the real aim is to make us 
post-human and no longer ‘human’ in the sense that we have come 
to know. The entire global population would be connected to AI and 
become the centrally-controlled ‘hive-mind’ of externally-delivered 
perceptions. The Smart Grid being installed to impose the Cult’s will 
on the world is being constructed to allow particular locations — even 
one location — to control the whole global system. From these prime 
control centres, which absolutely include China and Israel, anything 
connected to the Internet would be switched on or off and 
manipulated at will. Energy systems could be cut, communication 
via the Internet taken down, computer-controlled driverless 
autonomous vehicles driven off the road, medical devices switched 
off, the potential is limitless given how much AI and Internet 
connections now run human society. We have seen nothing yet if we 
allow this to continue. Autonomous vehicle makers are working 
with law enforcement to produce cars designed to automatically pull 
over if they detect a police or emergency vehicle flashing from up to 
100 feet away. At a police stop the car would be unlocked and the 


window rolled down automatically. Vehicles would only take you 
where the computer (the state) allowed. The end of petrol vehicles 
and speed limiters on all new cars in the UK and EU from 2022 are 
steps leading to electric computerised transport over which 
ultimately you have no control. The picture is far bigger even than 
the Cult global network or web and that will become clear when I 
get to the nature of the ‘spider’. There is a connection between all 
these happenings and the instigation of DNA-manipulating 
‘vaccines’ (which aren’t ‘vaccines’) justified by the ‘Covid’ hoax. That 
connection is the unfolding plan to transform the human body from 
a biological to a synthetic biological state and this is why synthetic 
biology is such a fast-emerging discipline of mainstream science. 
‘Covid vaccines’ are infusing self-replicating synthetic genetic 
material into the cells to cumulatively take us on the Totalitarian 
Tiptoe from Human 1.0 to the synthetic biological Human 2.0 which 
will be physically and perceptually attached to the Smart Grid to one 
hundred percent control every thought, perception and deed. 
Humanity needs to wake up and fast. 


This is the barest explanation of where the ‘outcome’ is planned to 
go but it’s enough to see the journey happening all around us. Those 
new to this information will already see ‘Covid’ in a whole new 
context. I will add much more detail as we go along, but for the 
minutiae evidence see my mega-works, The Answer, The Trigger and 
Everything You Need to Know But Have Never Been Told. 

Now — how does a Renegade Mind see the ‘world’? 


CHAPTER TWO 
Renegade Perception 


It is one thing to be clever and another to be wise 
George R.R. Martin 


simple definition of the difference between a programmed 

mind and a Renegade Mind would be that one sees only dots 
while the other connects them to see the picture. Reading reality 
with accuracy requires the observer to (a) know the planned 
outcome and (b) realise that everything, but everything, is connected. 


The entirety of infinite reality is connected — that’s its very nature — 
and with human society an expression of infinite reality the same 
must apply. Simple cause and effect is a connection. The effect is 
triggered by the cause and the effect then becomes the cause of 
another effect. Nothing happens in isolation because it can’t. Life in 
whatever reality is simple choice and consequence. We make choices 
and these lead to consequences. If we don’t like the consequences we 
can make different choices and get different consequences which 
lead to other choices and consequences. The choice and the 
consequence are not only connected they are indivisible. You can’t 
have one without the other as an old song goes. A few cannot 
control the world unless those being controlled allow that to happen 
— cause and effect, choice and consequence. Control — who has it and 
who doesn’t — is a two-way process, a symbiotic relationship, 
involving the controller and controlled. “They took my freedom 
away!!’ Well, yes, but you also gave it to them. Humanity is 


subjected to mass control because humanity has acquiesced to that 
control. This is all cause and effect and literally a case of give and 
take. In the same way world events of every kind are connected and 
the Cult works incessantly to sell the illusion of the random and 
coincidental to maintain the essential (to them) perception of dots 
that hide the picture. Renegade Minds know this and constantly 
scan the world for patterns of connection. This is absolutely pivotal 
in understanding the happenings in the world and without that 
perspective clarity is impossible. First you know the planned 
outcome and then you identify the steps on the journey — the day-by- 
day apparently random which, when connected in relation to the 
outcome, no longer appear as individual events, but as the 
proverbial chain of events leading in the same direction. I’ll give you 
some examples: 


Political puppet show 

We are told to believe that politics is ‘adversarial’ in that different 
parties with different beliefs engage in an endless tussle for power. 
There may have been some truth in that up to a point — and only a 
point — but today divisions between ‘different’ parties are rhetorical 
not ideological. Even the rhetorical is fusing into one-speak as the 
parties eject any remaining free thinkers while others succumb to the 
ever-gathering intimidation of anyone with the ‘wrong’ opinion. The 
Cult is not anew phenomenon and can be traced back thousands of 
years as my books have documented. Its intergenerational initiates 
have been manipulating events with increasing effect the more that 
global power has been centralised. In ancient times the Cult secured 
control through the system of monarchy in which ‘special’ 
bloodlines (of which more later) demanded the right to rule as kings 
and queens simply by birthright and by vanquishing others who 
claimed the same birthright. There came a time, however, when 
people had matured enough to see the unfairness of such tyranny 
and demanded a say in who governed them. Note the word — 
governed them. Not served them — governed them, hence government 
defined as ‘the political direction and control exercised over the 


actions of the members, citizens, or inhabitants of communities, 
societies, and states; direction of the affairs of a state, community, 
etc.’ Governments exercise control over rather than serve just like the 
monarchies before them. Bizarrely there are still countries like the 
United Kingdom which are ruled by a monarch and a government 
that officially answers to the monarch. The UK head of state and that 
of Commonwealth countries such as Canada, Australia and New 
Zealand is ‘selected’ by who in a single family had unprotected sex 
with whom and in what order. Pinch me it can’t be true. Ouch! Shit, 
it is. The demise of monarchies in most countries offered a potential 
vacuum in which some form of free and fair society could arise and 
the Cult had that base covered. Monarchies had served its interests 
but they couldn’t continue in the face of such widespread opposition 
and, anyway, replacing a ‘royal’ dictatorship that people could see 
with a dictatorship ‘of the people’ hiding behind the concept of 
‘democracy’ presented far greater manipulative possibilities and 
ways of hiding coordinated tyranny behind the illusion of ‘freedom’. 


Democracy is quite wrongly defined as government selected by 
the population. This is not the case at all. It is government selected 
by some of the population (and then only in theory). This ‘some’ 
doesn’t even have to be the majority as we have seen so often in first- 
past-the-post elections in which the so-called majority party wins 
fewer votes than the ‘losing’ parties combined. Democracy can give 
total power to a party in government from a minority of the votes 
cast. It’s a sleight of hand to sell tyranny as freedom. Seventy-four 
million Trump-supporting Americans didn’t vote for the 
‘Democratic’ Party of Joe Biden in the distinctly dodgy election in 
2020 and yet far from acknowledging the wishes and feelings of that 
great percentage of American society the Cult-owned Biden 
government set out from day one to destroy them and their right to a 
voice and opinion. Empty shell Biden and his Cult handlers said 
they were doing this to ‘protect democracy’. Such is the level of 
lunacy and sickness to which politics has descended. Connect the 
dots and relate them to the desired outcome — a world government 
run by self-appointed technocrats and no longer even elected 


politicians. While operating through its political agents in 
government the Cult is at the same time encouraging public distain 
for politicians by putting idiots and incompetents in theoretical 
power on the road to deleting them. The idea is to instil a public 
reaction that says of the technocrats: ‘Well, they couldn't do any 
worse than the pathetic politicians.’ It’s all about controlling 
perception and Renegade Minds can see through that while 
programmed minds cannot when they are ignorant of both the 
planned outcome and the manipulation techniques employed to 
secure that end. This knowledge can be learned, however, and fast if 
people choose to get informed. 


Politics may at first sight appear very difficult to control from a 
central point. I mean look at the ‘different’ parties and how would 
you be able to oversee them all and their constituent parts? In truth, 
it’s very straightforward because of their structure. We are back to 
the pyramid of imposition and acquiescence. Organisations are 
structured in the same way as the system as a whole. Political parties 
are not open forums of free expression. They are hierarchies. I was a 
national spokesman for the British Green Party which claimed to be 
a different kind of politics in which influence and power was 
devolved; but I can tell you from direct experience — and it’s far 
worse now -— that Green parties are run as hierarchies like all the 
others however much they may try to hide that fact or kid 
themselves that it’s not true. A very few at the top of all political 
parties are directing policy and personnel. They decide if you are 
elevated in the party or serve as a government minister and to do 
that you have to be a yes man or woman. Look at all the maverick 
political thinkers who never ascended the greasy pole. If you want to 
progress within the party or reach ‘high-office’ you need to fall into 
line and conform. Exceptions to this are rare indeed. Should you 
want to run for parliament or Congress you have to persuade the 
local or state level of the party to select you and for that you need to 
play the game as dictated by the hierarchy. If you secure election and 
wish to progress within the greater structure you need to go on 
conforming to what is acceptable to those running the hierarchy 


from the peak of the pyramid. Political parties are perceptual gulags 
and the very fact that there are party ‘Whips’ appointed to ‘whip’ 
politicians into voting the way the hierarchy demands exposes the 
ridiculous idea that politicians are elected to serve the people they 
are supposed to represent. Cult operatives and manipulation has 
long seized control of major parties that have any chance of forming 
a government and at least most of those that haven’t. A new party 
forms and the Cult goes to work to infiltrate and direct. This has 
reached such a level today that you see video compilations of 
‘leaders’ of all parties whether Democrats, Republicans, 
Conservative, Labour and Green parroting the same Cult mantra of 
‘Build Back Better’ and the ‘Great Reset’ which are straight off the 
Cult song-sheet to describe the transformation of global society in 
response to the Cult-instigated hoaxes of the ‘Covid pandemic’ and 
human-caused ‘climate change’. To see Caroline Lucas, the Green 
Party MP that I knew when I was in the party in the 1980s, speaking 
in support of plans proposed by Cult operative Klaus Schwab 
representing the billionaire global elite is a real head-shaker. 


Many parties — one master 

The party system is another mind-trick and was instigated to change 
the nature of the dictatorship by swapping ‘royalty’ for dark suits 
that people believed — though now ever less so — represented their 
interests. Understanding this trick is to realise that a single force (the 
Cult) controls all parties either directly in terms of the major ones or 
through manipulation of perception and ideology with others. You 
don’t need to manipulate Green parties to demand your 
transformation of society in the name of ‘climate change’ when they 
are obsessed with the lie that this is essential to ‘save the planet’. You 
just give them a platform and away they go serving your interests 
while believing they are being environmentally virtuous. America’s 
political structure is a perfect blueprint for how the two or multi- 
party system is really a one-party state. The Republican Party is 
controlled from one step back in the shadows by a group made up of 
billionaires and their gofers known as neoconservatives or Neocons. 


I have exposed them in fine detail in my books and they were the 
driving force behind the policies of the imbecilic presidency of Boy 
George Bush which included 9/11 (see The Trigger for a 
comprehensive demolition of the official story), the subsequent ‘war 
on terror’ (war of terror) and the invasions of Afghanistan and Iraq. 
The latter was a No-Problem-Reaction-Solution based on claims by 
Cult operatives, including Bush and British Prime Minister Tony 
Blair, about Saddam Hussein’s ‘weapons of mass destruction’ which 
did not exist as war criminals Bush and Blair well knew. 


Figure 6: Different front people, different parties — same control system. 


The Democratic Party has its own ‘Neocon’ group controlling 
from the background which I call the ‘Democons’ and here’s the 
penny-drop — the Neocons and Democons answer to the same 
masters one step further back into the shadows (Fig 6). At that level 
of the Cult the Republican and Democrat parties are controlled by 
the same people and no matter which is in power the Cult is in 
power. This is how it works in almost every country and certainly in 
Britain with Conservative, Labour, Liberal Democrat and Green 
parties now all on the same page whatever the rhetoric may be in 
their feeble attempts to appear different. Neocons operated at the 
time of Bush through a think tank called The Project for the New 
American Century which in September, 2000, published a document 
entitled Rebuilding America’s Defenses: Strategies, Forces, and Resources 


For a New Century demanding that America fight ‘multiple, 
simultaneous major theatre wars’ as a ‘core mission’ to force regime- 
change in countries including Iraq, Libya and Syria. Neocons 
arranged for Bush (‘Republican’) and Blair (‘Labour Party’) to front- 
up the invasion of Iraq and when they departed the Democons 
orchestrated the targeting of Libya and Syria through Barack Obama 
(‘Democrat’) and British Prime Minister David Cameron 
(‘Conservative Party’). We have ‘different’ parties and ‘different’ 
people, but the same unfolding script. The more the Cult has seized 
the reigns of parties and personnel the more their policies have 
transparently pursued the same agenda to the point where the 
fascist ‘Covid’ impositions of the Conservative junta of Jackboot 
Johnson in Britain were opposed by the Labour Party because they 
were not fascist enough. The Labour Party is likened to the US 
Democrats while the Conservative Party is akin to a British version 
of the Republicans and on both sides of the Atlantic they all speak 
the same language and support the direction demanded by the Cult 
although some more enthusiastically than others. It’s a similar story 
in country after country because it’s all centrally controlled. Oh, but 
what about Trump? I’ll come to him shortly. Political ‘choice’ in the 
‘party’ system goes like this: You vote for Party A and they get into 
government. You don’t like what they do so next time you vote for 
Party B and they get into government. You don’t like what they do 
when it’s pretty much the same as Party A and why wouldn't that be 
with both controlled by the same force? Given that only two, 
sometimes three, parties have any chance of forming a government 
to get rid of Party B that you don’t like you have to vote again for 
Party A which ... you don’t like. This, ladies and gentlemen, is what 
they call ‘democracy’ which we are told — wrongly — is a term 
interchangeable with ‘freedom’. 


The cult of cults 

At this point I need to introduce a major expression of the Global 
Cult known as Sabbatian-Frankism. Sabbatian is also spelt as 
Sabbatean. I will summarise here. I have published major exposés 


and detailed background in other works. Sabbatian-Frankism 
combines the names of two frauds posing as ‘Jewish’ men, Sabbatai 
Zevi (1626-1676), a rabbi, black magician and occultist who 
proclaimed he was the Jewish messiah; and Jacob Frank (1726-1791), 
the Polish ‘Jew’, black magician and occultist who said he was the 
reincarnation of ‘messiah’ Zevi and biblical patriarch Jacob. They 
worked across two centuries to establish the Sabbatian-Frankist cult 
that plays a major, indeed central, role in the manipulation of human 
society by the Global Cult which has its origins much further back in 
history than Sabbatai Zevi. I should emphasise two points here in 
response to the shrill voices that will scream ‘anti-Semitism’: (1) 
Sabbatian-Frankists are NOT Jewish and only pose as such to hide 
their cult behind a Jewish facade; and (2) my information about this 
cult has come from Jewish sources who have long realised that their 
society and community has been infiltrated and taken over by 
interloper Sabbatian-Frankists. Infiltration has been the foundation 
technique of Sabbatian-Frankism from its official origin in the 17th 
century. Zevi’s Sabbatian sect attracted a massive following 
described as the biggest messianic movement in Jewish history, 
spreading as far as Africa and Asia, and he promised a return for the 
Jews to the ‘Promised Land’ of Israel. Sabbatianism was not Judaism 
but an inversion of everything that mainstream Judaism stood for. So 
much so that this sinister cult would have a feast day when Judaism 
had a fast day and whatever was forbidden in Judaism the 
Sabbatians were encouraged and even commanded to do. This 
included incest and what would be today called Satanism. Members 
were forbidden to marry outside the sect and there was a system of 
keeping their children ignorant of what they were part of until they 
were old enough to be trusted not to unknowingly reveal anything 
to outsiders. The same system is employed to this day by the Global 
Cult in general which Sabbatian-Frankism has enormously 
influenced and now largely controls. 

Zevi and his Sabbatians suffered a setback with the intervention 
by the Sultan of the Islamic Ottoman Empire in the Middle East and 
what is now the Republic of Turkey where Zevi was located. The 


Sultan gave him the choice of proving his ‘divinity’, converting to 
Islam or facing torture and death. Funnily enough Zevi chose to 
convert or at least appear to. Some of his supporters were 
disillusioned and drifted away, but many did not with 300 families 
also converting — only in theory — to Islam. They continued behind 
this Islamic smokescreen to follow the goals, rules and rituals of 
Sabbatianism and became known as ‘crypto-Jews’ or the ‘Donmeh’ 
which means ‘to turn’. This is rather ironic because they didn’t ‘turn’ 
and instead hid behind a fake Islamic persona. The process of 
appearing to be one thing while being very much another would 
become the calling card of Sabbatianism especially after Zevi’s death 
and the arrival of the Satanist Jacob Frank in the 18th century when 
the cult became Sabbatian-Frankism and plumbed still new depths 
of depravity and infiltration which included -— still includes — human 
sacrifice and sex with children. Wherever Sabbatians go paedophilia 
and Satanism follow and is it really a surprise that Hollywood is so 
infested with child abuse and Satanism when it was established by 
Sabbatian-Frankists and is still controlled by them? Hollywood has 
been one of the prime vehicles for global perceptual programming 
and manipulation. How many believe the version of ‘history’ 
portrayed in movies when it is a travesty and inversion (again) of the 
truth? Rabbi Marvin Antelman describes Frankism in his book, To 
Eliminate the Opiate, as ‘a movement of complete evil’ while Jewish 
professor Gershom Scholem said of Frank in The Messianic Idea in 
Judaism: ‘Tn all his actions [he was] a truly corrupt and degenerate 
individual ... one of the most frightening phenomena in the whole of 
Jewish history.’ Frank was excommunicated by traditional rabbis, as 
was Zevi, but Frank was undeterred and enjoyed vital support from 
the House of Rothschild, the infamous banking dynasty whose 
inner-core are Sabbatian-Frankists and not Jews. Infiltration of the 
Roman Church and Vatican was instigated by Frank with many 
Donmeh ‘turning’ again to convert to Roman Catholicism with a 
view to hijacking the reins of power. This was the ever-repeating 
modus operandi and continues to be so. Pose as an advocate of the 
religion, culture or country that you want to control and then 


manipulate your people into the positions of authority and influence 
largely as advisers, administrators and Svengalis for those that 
appear to be in power. They did this with Judaism, Christianity 
(Christian Zionism is part of this), Islam and other religions and 
nations until Sabbatian-Frankism spanned the world as it does 
today. 


Sabbatian Saudis and the terror network 

One expression of the Sabbatian-Frankist Donmeh within Islam is 
the ruling family of Saudi Arabia, the House of Saud, through which 
came the vile distortion of Islam known as Wahhabism. This is the 
violent creed followed by terrorist groups like Al-Qaeda and ISIS or 
Islamic State. Wahhabism is the hand-chopping, head-chopping 
‘religion’ of Saudi Arabia which is used to keep the people in a 
constant state of fear so the interloper House of Saud can continue to 
rule. Al-Qaeda and Islamic State were lavishly funded by the House 
of Saud while being created and directed by the Sabbatian-Frankist 
network in the United States that operates through the Pentagon, 
CIA and the government in general of whichever ‘party’. The front 
man for the establishment of Wahhabism in the middle of the 18th 
century was a Sabbatian-Frankist ‘crypto-Jew’ posing as Islamic 
called Muhammad ibn Abd al-Wahhab. His daughter would marry 
the son of Muhammad bin Saud who established the first Saudi state 
before his death in 1765 with support from the British Empire. Bin 
Saud’s successors would establish modern Saudi Arabia in league 
with the British and Americans in 1932 which allowed them to seize 
control of Islam’s major shrines in Mecca and Medina. They have 
dictated the direction of Sunni Islam ever since while Iran is the 
major centre of the Shiite version and here we have the source of at 
least the public conflict between them. The Sabbatian network has 
used its Wahhabi extremists to carry out Problem-Reaction-Solution 
terrorist attacks in the name of ‘Al-Qaeda’ and ‘Islamic State’ to 
justify a devastating ‘war on terror’, ever-increasing surveillance of 
the population and to terrify people into compliance. Another 
insight of the Renegade Mind is the streetwise understanding that 


just because a country, location or people are attacked doesn’t mean 
that those apparently representing that country, location or people 
are not behind the attackers. Often they are orchestrating the attacks 
because of the societal changes that can be then justified in the name 
of ‘saving the population from terrorists’. 


I show in great detail in The Trigger how Sabbatian-Frankists were 
the real perpetrators of 9/11 and not ‘19 Arab hijackers’ who were 
blamed for what happened. Observe what was justified in the name 
of 9/11 alone in terms of Middle East invasions, mass surveillance 
and control that fulfilled the demands of the Project for the New 
American Century document published by the Sabbatian Neocons. 
What appear to be enemies are on the deep inside players on the 
same Sabbatian team. Israel and Arab ‘royal’ dictatorships are all 
ruled by Sabbatians and the recent peace agreements between Israel 
and Saudi Arabia, the United Arab Emirates (UAE) and others are 
only making formal what has always been the case behind the 
scenes. Palestinians who have been subjected to grotesque tyranny 
since Israel was bombed and terrorised into existence in 1948 have 
never stood a chance. Sabbatian-Frankists have controlled Israel (so 
the constant theme of violence and war which Sabbatians love) and 
they have controlled the Arab countries that Palestinians have 
looked to for real support that never comes. ‘Royal families’ of the 
Arab world in Saudi Arabia, Bahrain, UAE, etc., are all Sabbatians 
with allegiance to the aims of the cult and not what is best for their 
Arabic populations. They have stolen the oil and financial resources 
from their people by false claims to be ‘royal dynasties’ with a 
genetic right to rule and by employing vicious militaries to impose 
their will. 


Satanic ‘illumination’ 

The Satanist Jacob Frank formed an alliance in 1773 with two other 
Sabbatians, Mayer Amschel Rothschild (1744-1812), founder of the 
Rothschild banking dynasty, and Jesuit-educated fraudulent Jew, 
Adam Weishaupt, and this led to the formation of the Bavarian 
Illuminati, firstly under another name, in 1776. The Illuminati would 


be the manipulating force behind the French Revolution (1789-1799) 
and was also involved in the American Revolution (1775-1783) 
before and after the Illuminati’s official creation. Weishaupt would 
later become (in public) a Protestant Christian in archetypal 
Sabbatian style. I read that his name can be decoded as Adam-Weis- 
haupt or ‘the first man to lead those who know’. He wasn’t a leader 
in the sense that he was a subordinate, but he did lead those below 
him in a crusade of transforming human society that still continues 
today. The theme was confirmed as early as 1785 when a horseman 
courier called Lanz was reported to be struck by lighting and 
extensive Illuminati documents were found in his saddlebags. They 
made the link to Weishaupt and detailed the plan for world takeover. 
Current events with ‘Covid’ fascism have been in the making for a 
very long time. Jacob Frank was jailed for 13 years by the Catholic 
Inquisition after his arrest in 1760 and on his release he headed for 
Frankfurt, Germany, home city and headquarters of the House of 
Rothschild where the alliance was struck with Mayer Amschel 
Rothschild and Weishaupt. Rothschild arranged for Frank to be 
given the title of Baron and he became a wealthy nobleman with a 
big following of Jews in Germany, the Austro-Hungarian Empire 
and other European countries. Most of them would have believed he 
was on their side. 

The name ‘Illuminati’ came from the Zohar which is a body of 
works in the Jewish mystical ‘bible’ called the Kabbalah. ‘Zohar’ is 
the foundation of Sabbatian-Frankist belief and in Hebrew ‘Zohar’ 
means ‘splendour’, ‘radiance’, ‘illuminated’, and so we have 
‘Tlluminati’. They claim to be the ‘Illuminated Ones’ from their 
knowledge systematically hidden from the human population and 
passed on through generations of carefully-chosen initiates in the 
global secret society network or Cult. Hidden knowledge includes 
an awareness of the Cult agenda for the world and the nature of our 
collective reality that I will explore later. Cult ‘illumination’ is 
symbolised by the torch held by the Statue of Liberty which was 
gifted to New York by French Freemasons in Paris who knew exactly 
what it represents. ‘Liberty’ symbolises the goddess worshipped in 


Babylon as Queen Semiramis or Ishtar. The significance of this will 
become clear. Notice again the ubiquitous theme of inversion with 
the Statue of ‘Liberty’ really symbolising mass control (Fig 7). A 
mirror-image statute stands on an island in the River Seine in Paris 
from where New York Liberty originated (Fig 8). A large replica of 
the Liberty flame stands on top of the Pont de l’Alma tunnel in Paris 
where Princess Diana died in a Cult ritual described in The Biggest 
Secret. Lucifer ‘the light bringer’ is related to all this (and much more 
as we'll see) and ‘Lucifer’ is a central figure in Sabbatian-Frankism 
and its associated Satanism. Sabbatians reject the Jewish Torah, or 
Pentateuch, the “five books of Moses’ in the Old Testament known as 
Genesis, Exodus, Leviticus, Numbers, and Deuteronomy which are 
claimed by Judaism and Christianity to have been dictated by ‘God’ 
to Moses on Mount Sinai. Sabbatians say these do not apply to them 
and they seek to replace them with the Zohar to absorb Judaism and 
its followers into their inversion which is an expression of a much 
greater global inversion. They want to delete all religions and force 
humanity to worship a one-world religion — Sabbatian Satanism that 
also includes worship of the Earth goddess. Satanic themes are being 
more and more introduced into mainstream society and while 
Christianity is currently the foremost target for destruction the 
others are planned to follow. 


Figure 7: The Cult goddess of Babylon disguised as the Statue of Liberty holding the flame of 
Lucifer the ‘light bringer’. 
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Figure 8: Liberty’s mirror image in Paris where the New York version originated. 


Marx brothers 

Rabbi Marvin Antelman connects the Illuminati to the Jacobins in To 
Eliminate the Opiate and Jacobins were the force behind the French 
Revolution. He links both to the Bund der Gerechten, or League of 
the Just, which was the network that inflicted communism/Marxism 
on the world. Antelman wrote: 


The original inner circle of the Bund der Gerechten consisted of born Catholics, Protestants 
and Jews [Sabbatian-Frankist infiltrators], and those representatives of respective subdivisions 
formulated schemes for the ultimate destruction of their faiths. The heretical Catholics laid 
plans which they felt would take a century or more for the ultimate destruction of the church; 
the apostate Jews for the ultimate destruction of the Jewish religion. 


Sabbatian-created communism connects into this anti-religion 
agenda in that communism does not allow for the free practice of 
religion. The Sabbatian ‘Bund’ became the International Communist 
Party and Communist League and in 1848 ‘Marxism’ was born with 
the Communist Manifesto of Sabbatian assets Karl Marx and 
Friedrich Engels. It is absolutely no coincidence that Marxism, just a 
different name for fascist and other centrally-controlled tyrannies, is 
being imposed worldwide as a result of the ‘Covid’ hoax and nor 
that Marxist/fascist China was the place where the hoax originated. 
The reason for this will become very clear in the chapter “Covid: The 
calculated catastrophe’. The so-called ‘Woke’ mentality has hijacked 


traditional beliefs of the political left and replaced them with far- 
right make-believe ‘social justice’ better known as Marxism. Woke 
will, however, be swallowed by its own perceived ‘revolution’ which 
is really the work of billionaires and billionaire corporations feigning 
being ‘Woke’. Marxism is being touted by Wokers as a replacement 
for ‘capitalism’ when we don’t have ‘capitalism’. We have cartelism 
in which the market is stitched up by the very Cult billionaires and 
corporations bankrolling Woke. Billionaires love Marxism which 
keeps the people in servitude while they control from the top. 
Terminally naive Wokers think they are ‘changing the world’ when 
it’s the Cult that is doing the changing and when they have played 
their vital part and become surplus to requirements they, too, will be 
targeted. The Illuminati-Jacobins were behind the period known as 
‘The Terror’ in the French Revolution in 1793 and 1794 when Jacobin 
Maximillian de Robespierre and his Orwellian ‘Committee of Public 
Safety’ killed 17,000 ‘enemies of the Revolution’ who had once been 
‘friends of the Revolution’. Karl Marx (1818-1883), whose Sabbatian 
creed of Marxism has cost the lives of at least 100 million people, is a 
hero once again to Wokers who have been systematically kept 
ignorant of real history by their ‘education’ programming. As a 
result they now promote a Sabbatian ‘Marxist’ abomination destined 
at some point to consume them. Rabbi Antelman, who spent decades 
researching the Sabbatian plot, said of the League of the Just and 
Karl Marx: 


Contrary to popular opinion Karl Marx did not originate the Communist Manifesto. He was 
paid for his services by the League of the Just, which was known in its country of origin, 
Germany, as the Bund der Geaechteten. 


Antelman said the text attributed to Marx was the work of other 
people and Marx ‘was only repeating what others already said’. 
Marx was ‘a hired hack — lackey of the wealthy Illuminists’. Marx 
famously said that religion was the ‘opium of the people’ (part of the 
Sabbatian plan to demonise religion) and Antelman called his books, 
To Eliminate the Opiate. Marx was born Jewish, but his family 
converted to Christianity (Sabbatian modus operandi) and he 


attacked Jews, not least in his book, A World Without Jews. In doing 
so he supported the Sabbatian plan to destroy traditional Jewishness 
and Judaism which we are clearly seeing today with the vindictive 
targeting of orthodox Jews by the Sabbatian government of Israel 
over ‘Covid’ laws. I don’t follow any religion and it has done much 
damage to the world over centuries and acted as a perceptual 
straightjacket. Renegade Minds, however, are always asking why 
something is being done. It doesn’t matter if they agree or disagree 
with what is happening — why is it happening is the question. The 
‘why?’ can be answered with regard to religion in that religions 
create interacting communities of believers when the Cult wants to 
dismantle all discourse, unity and interaction (see ‘Covid’ 
lockdowns) and the ultimate goal is to delete all religions for a one- 
world religion of Cult Satanism worshipping their ‘god’ of which 
more later. We see the same ‘why?’ with gun control in America. I 
don’t have guns and don’t want them, but why is the Cult seeking to 
disarm the population at the same time that law enforcement 
agencies are armed to their molars and why has every tyrant in 
history sought to disarm people before launching the final takeover? 
They include Hitler, Stalin, Pol Pot and Mao who followed 
confiscation with violent seizing of power. You know it’s a Cult 
agenda by the people who immediately race to the microphones to 
exploit dead people in multiple shootings. Ultra-Zionist Cult lackey 
Senator Chuck Schumer was straight on the case after ten people 
were killed in Boulder, Colorado in March, 2121. Simple rule ... if 
Schumer wants it the Cult wants it and the same with his ultra- 
Zionist mate the wild-eyed Senator Adam Schiff. At the same time 
they were calling for the disarmament of Americans, many of whom 
live a long way from a police response, Schumer, Schiff and the rest 
of these pampered clowns were sitting on Capitol Hill behind a 
razor-wired security fence protected by thousands of armed troops 
in addition to their own armed bodyguards. Mom and pop in an 
isolated home? They’re just potential mass shooters. 


Sabbatian-Frankists and most importantly the Rothschilds were 
behind the creation of ‘Zionism’, a political movement that 
demanded a Jewish homeland in Israel as promised by Sabbatai 
Zevi. The very symbol of Israel comes from the German meaning of 
the name Rothschild. Dynasty founder Mayer Amschel Rothschild 
changed the family name from Bauer to Rothschild, or “Red-Shield’ 
in German, in deference to the six-pointed ‘Star of David’ hexagram 
displayed on the family’s home in Frankfurt. The symbol later 
appeared on the flag of Israel after the Rothschilds were centrally 
involved in its creation. Hexagrams are not a uniquely Jewish 
symbol and are widely used in occult (‘hidden’) networks often as a 
symbol for Saturn (see my other books for why). Neither are 
Zionism and Jewishness interchangeable. Zionism is a political 
movement and philosophy and not a ‘race’ or a people. Many Jews 
oppose Zionism and many non-Jews, including US President Joe 
Biden, call themselves Zionists as does Israel-centric Donald Trump. 
America’s support for the Israel government is pretty much a gimme 
with ultra-Zionist billionaires and corporations providing fantastic 
and dominant funding for both political parties. Former 
Congresswoman Cynthia McKinney has told how she was 
approached immediately she ran for office to ‘sign the pledge’ to 
Israel and confirm that she would always vote in that country’s best 
interests. All American politicians are approached in this way. 
Anyone who refuses will get no support or funding from the 
enormous and all-powerful Zionist lobby that includes organisations 
like mega-lobby group AIPAC, the American Israel Public Affairs 
Committee. Trump’s biggest funder was ultra-Zionist casino and 
media billionaire Sheldon Adelson while major funders of the 
Democratic Party include ultra-Zionist George Soros and ultra- 
Zionist financial and media mogul, Haim Saban. Some may reel back 
at the suggestion that Soros is an Israel-firster (Sabbatian-controlled 
Israel-firster), but Renegade Minds watch the actions not the words 
and everywhere Soros donates his billions the Sabbatian agenda 
benefits. In the spirit of Sabbatian inversion Soros pledged $1 billion 
for anew university network to promote ‘liberal values and tackle 
intolerance’. He made the announcement during his annual speech 


at the Cult-owned World Economic Forum in Davos, Switzerland, in 
January, 2020, after his ‘harsh criticism’ of ‘authoritarian rulers’ 
around the world. You can only laugh at such brazen mendacity. 
How he doesn’t laugh is the mystery. Translated from the Orwellian 
‘liberal values and tackle intolerance’ means teaching non-white 
people to hate white people and for white people to loathe 
themselves for being born white. The reason for that will become 
clear. 


The ‘Anti-Semitism fraud 

Zionists support the Jewish homeland in the land of Palestine which 
has been the Sabbatian-Rothschild goal for so long, but not for the 
benefit of Jews. Sabbatians and their global Anti-Semitism Industry 
have skewed public and political opinion to equate opposing the 
violent extremes of Zionism to be a blanket attack and condemnation 
of all Jewish people. Sabbatians and their global Anti-Semitism 
Industry have skewed public and political opinion to equate 
opposing the violent extremes of Zionism to be a blanket attack and 
condemnation of all Jewish people. This is nothing more than a 
Sabbatian protection racket to stop legitimate investigation and 
exposure of their agendas and activities. The official definition of 
‘anti-Semitism’ has more recently been expanded to include criticism 
of Zionism — a political movement — and this was done to further stop 
exposure of Sabbatian infiltrators who created Zionism as we know 
it today in the 19th century. Renegade Minds will talk about these 
subjects when they know the shit that will come their way. People 
must decide if they want to know the truth or just cower in the 
corner in fear of what others will say. Sabbatians have been trying to 
label me as ‘anti-Semitic’ since the 1990s as I have uncovered more 
and more about their background and agendas. Useless, gutless, 
fraudulent ‘journalists’ then just repeat the smears without question 
and on the day I was writing this section a pair of unquestioning 
repeaters called Ben Quinn and Archie Bland (how appropriate) 
outright called me an ‘anti-Semite’ in the establishment propaganda 
sheet, the London Guardian, with no supporting evidence. The 


Sabbatian Anti-Semitism Industry said so and who are they to 
question that? They wouldn’t dare. Ironically ‘Semitic’ refers to a 
group of languages in the Middle East that are almost entirely 
Arabic. ‘Anti-Semitism’ becomes ‘anti-Arab’ which if the 
consequences of this misunderstanding were not so grave would be 
hilarious. Don’t bother telling Quinn and Bland. I don’t want to 
confuse them, bless ‘em. One reason Iam dubbed ‘anti-Semitic’ is 
that I wrote in the 1990s that Jewish operatives (Sabbatians) were 
heavily involved in the Russian Revolution when Sabbatians 
overthrew the Romanov dynasty. This apparently made me ‘anti- 
Semitic’. Oh, really? Here is a section from The Trigger: 


British journalist Robert Wilton confirmed these themes in his 1920 book The Last Days of the 
Romanovs when he studied official documents from the Russian government to identify the 
members of the Bolshevik ruling elite between 1917 and 1919. The Central Committee 
included 41 Jews among 62 members; the Council of the People’s Commissars had 17 Jews 
out of 22 members; and 458 of the 556 most important Bolshevik positions between 1918 and 
1919 were occupied by Jewish people. Only 17 were Russian. Then there were the 23 Jews 
among the 36 members of the vicious Cheka Soviet secret police established in 1917 who 
would soon appear all across the country. 


Professor Robert Service of Oxford University, an expert on 20th century Russian history, 
found evidence that [‘Jewish’] Leon Trotsky had sought to make sure that Jews were enrolled 
in the Red Army and were disproportionately represented in the Soviet civil bureaucracy that 
included the Cheka which performed mass arrests, imprisonment and executions of ‘enemies 
of the people’. A US State Department Decimal File (861.00/5339) dated November 13th, 
1918, names [Rothschild banking agent in America] Jacob Schiff and a list of ultra-Zionists as 
funders of the Russian Revolution leading to claims of a ‘Jewish plot’, but the key point missed 
by all is they were not ‘Jews’ — they were Sabbatian-Frankists. 


Britain’s Winston Churchill made the same error by mistake or 
otherwise. He wrote in a 1920 edition of the Illustrated Sunday Herald 
that those behind the Russian revolution were part of a “worldwide 
conspiracy for the overthrow of civilisation and for the 
reconstitution of society on the basis of arrested development, of 
envious malevolence, and impossible equality’ (see ‘Woke’ today 
because that has been created by the same network). Churchill said 
there was no need to exaggerate the part played in the creation of 
Bolshevism and in the actual bringing about of the Russian 


Revolution ‘by these international and for the most part atheistical 
Jews’ [‘atheistical Jews’ = Sabbatians]. Churchill said it is certainly a 
very great one and probably outweighs all others: ‘With the notable 
exception of Lenin, the majority of the leading figures are Jews.’ He 
went on to describe, knowingly or not, the Sabbatian modus 
operandi of placing puppet leaders nominally in power while they 
control from the background: 


Moreover, the principal inspiration and driving power comes from the Jewish leaders. Thus 
Tchitcherin, a pure Russian, is eclipsed by his nominal subordinate, Litvinoff, and the 
influence of Russians like Bukharin or Lunacharski cannot be compared with the power of 
Trotsky, or of Zinovieff, the Dictator of the Red Citadel (Petrograd), or of Krassin or Radek — all 
Jews. In the Soviet institutions the predominance of Jews is even more astonishing. And the 
prominent, if not indeed the principal, part in the system of terrorism applied by the 
Extraordinary Commissions for Combatting Counter-Revolution has been taken by Jews, and 
in some notable cases by Jewesses. 


What I said about seriously disproportionate involvement in the 
Russian Revolution by Jewish ‘revolutionaries’ (Sabbatians) is 
provable fact, but truth is no defence against the Sabbatian Anti- 
Semitism Industry, its repeater parrots like Quinn and Bland, and 
the now breathtaking network of so-called ‘Woke’ ‘anti-hate’ groups 
with interlocking leaderships and funding which have the role of 
discrediting and silencing anyone who gets too close to exposing the 
Sabbatians. We have seen ‘truth is no defence’ confirmed in legal 
judgements with the Saskatchewan Human Rights Commission in 
Canada decreeing this: ‘Truthful statements can be presented in a 
manner that would meet the definition of hate speech, and not all 
truthful statements must be free from restriction.’ Most ‘anti-hate’ 
activists, who are themselves consumed by hatred, are too stupid 
and ignorant of the world to know how they are being used. They 
are far too far up their own virtue-signalling arses and it’s far too 
dark for them to see anything. 


The ‘revolution’ game 


The background and methods of the ‘Russian’ Revolution are 
straight from the Sabbatian playbook seen in the French Revolution 


and endless others around the world that appear to start as a 
revolution of the people against tyrannical rule and end up with a 
regime change to more tyrannical rule overtly or covertly. Wars, 
terror attacks and regime overthrows follow the Sabbatian cult 
through history with its agents creating them as Problem-Reaction- 
Solutions to remove opposition on the road to world domination. 
Sabbatian dots connect the Rothschilds with the Illuminati, Jacobins 
of the French Revolution, the ‘Bund’ or League of the Just, the 
International Communist Party, Communist League and the 
Communist Manifesto of Karl Marx and Friedrich Engels that would 
lead to the Rothschild-funded Russian Revolution. The sequence 
comes under the heading of ‘creative destruction’ when you advance 
to your global goal by continually destroying the status quo to install 
a new status quo which you then also destroy. The two world wars 
come to mind. With each new status quo you move closer to your 
planned outcome. Wars and mass murder are to Sabbatians a 
collective blood sacrifice ritual. They are obsessed with death for 
many reasons and one is that death is an inversion of life. Satanists 
and Sabbatians are obsessed with death and often target churches 
and churchyards for their rituals. Inversion-obsessed Sabbatians 
explain the use of inverted symbolism including the inverted 
pentagram and inverted cross. The inversion of the cross has been 
related to targeting Christianity, but the cross was a religious symbol 
long before Christianity and its inversion is a statement about the 
Sabbatian mentality and goals more than any single religion. 


Sabbatians operating in Germany were behind the rise of the 
occult-obsessed Nazis and the subsequent Jewish exodus from 
Germany and Europe to Palestine and the United States after World 
War Two. The Rothschild dynasty was at the forefront of this both as 
political manipulators and by funding the operation. Why would 
Sabbatians help to orchestrate the horrors inflicted on Jews by the 
Nazis and by Stalin after they organised the Russian Revolution? 
Sabbatians hate Jews and their religion, that’s why. They pose as 
Jews and secure positions of control within Jewish society and play 
the ‘anti-Semitism’ card to protect themselves from exposure 


through a global network of organisations answering to the 
Sabbatian-created-and-controlled globe-spanning intelligence 
network that involves a stunning web of military-intelligence 
operatives and operations for a tiny country of just nine million. 
Among them are Jewish assets who are not Sabbatians but have been 
convinced by them that what they are doing is for the good of Israel 
and the Jewish community to protect them from what they have 
been programmed since childhood to believe is a Jew-hating hostile 
world. The Jewish community is just a highly convenient cover to 
hide the true nature of Sabbatians. Anyone getting close to exposing 
their game is accused by Sabbatian place-people and gofers of ‘anti- 
Semitism’ and claiming that all Jews are part of a plot to take over 
the world. I am not saying that. I am saying that Sabbatians — the real 
Jew-haters — have infiltrated the Jewish community to use them both 
as a cover and an ‘anti-Semitic’ defence against exposure. Thus we 
have the Anti-Semitism Industry targeted researchers in this way 
and most Jewish people think this is justified and genuine. They 
don’t know that their ‘Jewish’ leaders and institutions of state, 
intelligence and military are not controlled by Jews at all, but cultists 
and stooges of Sabbatian-Frankism. I once added my name to a pro- 
Jewish freedom petition online and the next time I looked my name 
was gone and text had been added to the petition blurb to attack me 
as an ‘anti-Semite’ such is the scale of perceptual programming. 


I tell the story in The Trigger and a chapter called ‘Atlantic Crossing’ 
how particularly after Israel was established the Sabbatians moved 
in on the United States and eventually grasped control of 
government administration, the political system via both Democrats 
and Republicans, the intelligence community like the CIA and 
National Security Agency (NSA), the Pentagon and mass media. 
Through this seriously compartmentalised network Sabbatians and 
their operatives in Mossad, Israeli Defense Forces (IDF) and US 
agencies pulled off 9/11 and blamed it on 19 ‘Al-Qaeda hijackers’ 
dominated by men from, or connected to, Sabbatian-ruled Saudi 


Arabia. The ‘19’ were not even on the planes let alone flew those big 
passenger jets into buildings while being largely incompetent at 
piloting one-engine light aircraft. ‘Hijacker’ Hani Hanjour who is 
said to have flown American Airlines Flight 77 into the Pentagon 
with a turn and manoeuvre most professional pilots said they would 
have struggled to do was banned from renting a small plane by 
instructors at the Freeway Airport in Bowie, Maryland, just six weeks 
earlier on the grounds that he was an incompetent pilot. The Jewish 
population of the world is just 0.2 percent with even that almost 
entirely concentrated in Israel (75 percent Jewish) and the United 
States (around two percent). This two percent and globally 0.2 
percent refers to Jewish people and not Sabbatian interlopers who are 
a fraction of that fraction. What a sobering thought when you think 
of the fantastic influence on world affairs of tiny Israel and that the 
Project for the New America Century (PNAC) which laid out the 
blueprint in September, 2000, for America’s war on terror and regime 
change wars in Iraq, Libya and Syria was founded and dominated by 
Sabbatians known as ‘Neocons’. The document conceded that this 
plan would not be supported politically or publicly without a major 
attack on American soil and a Problem-Reaction-Solution excuse to 
send troops to war across the Middle East. Sabbatian Neocons said: 


... [The] process of transformation ... [war and regime change] ... is likely to be a long one, 
absent some catastrophic and catalysing event — like a new Pearl Harbor. 


Four months later many of those who produced that document 
came to power with their inane puppet George Bush from the long- 
time Sabbatian Bush family. They included Sabbatian Dick Cheney 
who was Officially vice-president, but really de-facto president for 
the entirety of the ‘Bush’ government. Nine months after the ‘Bush’ 
inauguration came what Bush called at the time ‘the Pearl Harbor of 
the 21st century’ and with typical Sabbatian timing and symbolism 
2001 was the 60th anniversary of the attack in 1941 by the Japanese 
Air Force on Pearl Harbor, Hawaii, which allowed President 
Franklin Delano Roosevelt to take the United States into a Sabbatian- 


instigated Second World War that he said in his election campaign 
that he never would. The evidence is overwhelming that Roosevelt 
and his military and intelligence networks knew the attack was 
coming and did nothing to stop it, but they did make sure that 
America’s most essential naval ships were not in Hawaii at the time. 
Three thousand Americans died in the Pearl Harbor attacks as they 
did on September 11th. By the 9/11 year of 2001 Sabbatians had 
widely infiltrated the US government, military and intelligence 
operations and used their compartmentalised assets to pull off the 
‘Al-Qaeda’ attacks. If you read The Trigger it will blow your mind to 
see the utterly staggering concentration of ‘Jewish’ operatives 
(Sabbatian infiltrators) in essential positions of political, security, 
legal, law enforcement, financial and business power before, during, 
and after the attacks to make them happen, carry them out, and then 
cover their tracks — and I do mean staggering when you think of that 
0.2 percent of the world population and two percent of Americans 
which are Jewish while Sabbatian infiltrators are a fraction of that. A 
central foundation of the 9/11 conspiracy was the hijacking of 
government, military, Air Force and intelligence computer systems 
in real time through “back-door’ access made possible by Israeli 
(Sabbatian) ‘cyber security’ software. Sabbatian-controlled Israel is 
on the way to rivalling Silicon Valley for domination of cyberspace 
and is becoming the dominant force in cyber-security which gives 
them access to entire computer systems and their passcodes across 
the world. Then add to this that Zionists head (officially) Silicon 
Valley giants like Google (Larry Page and Sergey Brin), Google- 
owned YouTube (Susan Wojcicki), Facebook (Mark Zuckerberg and 
Sheryl Sandberg), and Apple (Chairman Arthur D. Levinson), and 
that ultra-Zionist hedge fund billionaire Paul Singer has a $1 billion 
stake in Twitter which is only nominally headed by ‘CEO’ pothead 
Jack Dorsey. As cable news host Tucker Carlson said of Dorsey: 
‘There used to be debate in the medical community whether 
dropping a ton of acid had permanent effects and I think that debate 
has now ended.’ Carlson made the comment after Dorsey told a 
hearing on Capitol Hill (if you cut through his bullshit) that he 


believed in free speech so long as he got to decide what you can hear 
and see. These ‘big names’ of Silicon Valley are only front men and 
women for the Global Cult, not least the Sabbatians, who are the true 
controllers of these corporations. Does anyone still wonder why 
these same people and companies have been ferociously censoring 
and banning people (like me) for exposing any aspect of the Cult 
agenda and especially the truth about the ‘Covid’ hoax which 
Sabbatians have orchestrated? 

The Jeffrey Epstein paedophile ring was a Sabbatian operation. He 
was Officially ‘Jewish’ but he was a Sabbatian and women abused by 
the ring have told me about the high number of ‘Jewish’ people 
involved. The Epstein horror has Sabbatian written all over it and 
matches perfectly their modus operandi and obsession with sex and 
ritual. Epstein was running a Sabbatian blackmail ring in which 
famous people with political and other influence were provided 
with young girls for sex while everything was being filmed and 
recorded on hidden cameras and microphones at his New York 
house, Caribbean island and other properties. Epstein survivors 
have described this surveillance system to me and some have gone 
public. Once the famous politician or other figure knew he or she 
was on video they tended to do whatever they were told. Here we go 
again ...when you've got them by the balls their hearts and minds 
will follow. Sabbatians use this blackmail technique on a wide scale 
across the world to entrap politicians and others they need to act as 
demanded. Epstein’s private plane, the infamous ‘Lolita Express’, 
had many well-known passengers including Bill Clinton while Bill 
Gates has flown on an Epstein plane and met with him four years 
after Epstein had been jailed for paedophilia. They subsequently met 
many times at Epstein’s home in New York according to a witness 
who was there. Epstein’s infamous side-kick was Ghislaine Maxwell, 
daughter of Mossad agent and ultra-Zionist mega-crooked British 
businessman, Bob Maxwell, who at one time owned the Daily Mirror 
newspaper. Maxwell was murdered at sea on his boat in 1991 by 
Sabbatian-controlled Mossad when he became a liability with his 


business empire collapsing as a former Mossad operative has 
confirmed (see The Trigger). 


Money, money, money, funny money... 
Before I come to the Sabbatian connection with the last three US 
presidents I will lay out the crucial importance to Sabbatians of 
controlling banking and finance. Sabbatian Mayer Amschel 
Rothschild set out to dominate this arena in his family’s quest for 
total global control. What is freedom? It is, in effect, choice. The 
more choices you have the freer you are and the fewer your choices 
the more you are enslaved. In the global structure created over 
centuries by Sabbatians the biggest decider and restrictor of choice is 
... money. Across the world if you ask people what they would like 
to do with their lives and why they are not doing that they will reply 
‘I don’t have the money’. This is the idea. A global elite of multi- 
billionaires are described as ‘greedy’ and that is true on one level; 
but control of money — who has it and who doesn’t — is not primarily 
about greed. It’s about control. Sabbatians have seized ever more 
control of finance and sucked the wealth of the world out of the 
hands of the population. We talk now, after all, about the ‘One- 
percent’ and even then the wealthiest are a lot fewer even than that. 
This has been made possible by a money scam so outrageous and so 
vast it could rightly be called the scam of scams founded on creating 
‘money’ out of nothing and ‘loaning’ that with interest to the 
population. Money out of nothing is called ‘credit’. Sabbatians have 
asserted control over governments and banking ever more 
completely through the centuries and secured financial laws that 
allow banks to lend hugely more than they have on deposit in a 
confidence trick known as fractional reserve lending. Imagine if you 
could lend money that doesn’t exist and charge the recipient interest 
for doing so. You would end up in jail. Bankers by contrast end up in 
mansions, private jets, Malibu and Monaco. 

Banks are only required to keep a fraction of their deposits and 
wealth in their vaults and they are allowed to lend ‘money’ they 
don’t have called ‘credit. Go into a bank for a loan and if you succeed 


the banker will not move any real wealth into your account. They 
will type into your account the amount of the agreed ‘loan’ — say 
£100,000. This is not wealth that really exists; it is non-existent, fresh- 
air, created-out-of-nothing ‘credit’ which has never, does not, and 
will never exist except in theory. Credit is backed by nothing except 
wind and only has buying power because people think that it has 
buying power and accept it in return for property, goods and 
services. I have described this situation as like those cartoon 
characters you see chasing each other and when they run over the 
edge of a cliff they keep running forward on fresh air until one of 
them looks down, realises what’s happened, and they all crash into 
the ravine. The whole foundation of the Sabbatian financial system is 
to stop people looking down except for periodic moments when they 
want to crash the system (as in 2008 and 2020 ongoing) and reap the 
rewards from all the property, businesses and wealth their borrowers 
had signed over as ‘collateral’ in return for a ‘loan’ of fresh air. Most 
people think that money is somehow created by governments when 
it comes into existence from the start as a debt through banks 
‘lending’ illusory money called credit. Yes, the very currency of 
exchange is a debt from day one issued as an interest-bearing loan. 
Why don’t governments create money interest-free and lend it to 
their people interest-free? Governments are controlled by Sabbatians 
and the financial system is controlled by Sabbatians for whom 
interest-free money would be a nightmare come true. Sabbatians 
underpin their financial domination through their global network of 
central banks, including the privately-owned US Federal Reserve 
and Britain’s Bank of England, and this is orchestrated by a 
privately-owned central bank coordination body called the Bank for 
International Settlements in Basle, Switzerland, created by the usual 
suspects including the Rockefellers and Rothschilds. Central bank 
chiefs don’t answer to governments or the people. They answer to 
the Bank for International Settlements or, in other words, the Global 
Cult which is dominated today by Sabbatians. 


There are so many constituent scams within the overall banking 
scam. When you take out a loan of thin-air credit only the amount of 
that loan is theoretically brought into circulation to add to the 
amount in circulation; but you are paying back the principle plus 
interest. The additional interest is not created and this means that 
with every ‘loan’ there is a shortfall in the money in circulation 
between what is borrowed and what has to be paid back. There is 
never even close to enough money in circulation to repay all 
outstanding public and private debt including interest. Coldly 
weaved in the very fabric of the system is the certainty that some 
will lose their homes, businesses and possessions to the banking 
‘lender’. This is less obvious in times of ‘boom’ when the amount of 
money in circulation (and the debt) is expanding through more 
people wanting and getting loans. When a downturn comes and the 
money supply contracts it becomes painfully obvious that there is 
not enough money to service all debt and interest. This is less 
obvious in times of ‘boom’ when the amount of money in circulation 
(and the debt) is expanding through more people wanting and 
getting loans. When a downturn comes and the money supply 
contracts and it becomes painfully obvious — as in 2008 and currently 
— that there is not enough money to service all debt and interest. 
Sabbatian banksters have been leading the human population 
through a calculated series of booms (more debt incurred) and busts 
(when the debt can’t be repaid and the banks get the debtor’s 
tangible wealth in exchange for non-existent ‘credit’). With each 
‘bust’ Sabbatian bankers have absorbed more of the world’s tangible 
wealth and we end up with the One-percent. Governments are in 
bankruptcy levels of debt to the same system and are therefore 
owned by a system they do not control. The Federal Reserve, 
‘America’s central bank’, is privately-owned and American 
presidents only nominally appoint its chairman or woman to 
maintain the illusion that it’s an arm of government. It’s not. The 
‘Fed’ is a cartel of private banks which handed billions to its 
associates and friends after the crash of 2008 and has been Sabbatian- 
controlled since it was manipulated into being in 1913 through the 
covert trickery of Rothschild banking agents Jacob Schiff and Paul 


Warburg, and the Sabbatian Rockefeller family. Somehow from a 
Jewish population of two-percent and globally 0.2 percent (Sabbatian 
interlopers remember are far smaller) ultra-Zionists headed the 
Federal Reserve for 31 years between 1987 and 2018 in the form of 
Alan Greenspan, Bernard Bernanke and Janet Yellen (now Biden’s 
Treasury Secretary) with Yellen’s deputy chairman a Israeli- 
American duel citizen and ultra-Zionist Stanley Fischer, a former 
governor of the Bank of Israel. Ultra-Zionist Fed chiefs spanned the 
presidencies of Ronald Reagan (‘Republican’), Father George Bush 
(‘Republican’), Bill Clinton (‘Democrat’), Boy George Bush 
(‘Republican’) and Barack Obama (‘Democrat’). We should really 
add the pre-Greenspan chairman, Paul Adolph Volcker, ‘appointed’ 
by Jimmy Carter (‘Democrat’) who ran the Fed between 1979 and 
1987 during the Carter and Reagan administrations before 
Greenspan took over. Volcker was a long-time associate and business 
partner of the Rothschilds. No matter what the ‘party’ officially in 
power the United States economy was directed by the same force. 
Here are members of the Obama, Trump and Biden administrations 
and see if you can make out a common theme. 


Barack Obama (Democrat) 

Ultra-Zionists Robert Rubin, Larry Summers, and Timothy Geithner 
ran the US Treasury in the Clinton administration and two of them 
reappeared with Obama. Ultra-Zionist Fed chairman Alan 
Greenspan had manipulated the crash of 2008 through deregulation 
and jumped ship just before the disaster to make way for ultra- 
Zionist Bernard Bernanke to hand out trillions to Sabbatian ‘too big 
to fail’ banks and businesses, including the ubiquitous ultra-Zionist 
Goldman Sachs which has an ongoing staff revolving door operation 
between itself and major financial positions in government 
worldwide. Obama inherited the fallout of the crash when he took 
office in January, 2009, and fortunately he had the support of his 
ultra-Zionist White House Chief of Staff Rahm Emmanuel, son of a 
terrorist who helped to bomb Israel into being in 1948, and his ultra- 
Zionist senior adviser David Axelrod, chief strategist in Obama’s two 


successful presidential campaigns. Emmanuel, later mayor of 
Chicago and former senior fundraiser and strategist for Bill Clinton, 
is an example of the Sabbatian policy after Israel was established of 
migrating insider families to America so their children would be 
born American citizens. ‘Obama’ chose this financial team 
throughout his administration to respond to the Sabbatian-instigated 
crisis: 

Timothy Geithner (ultra-Zionist) Treasury Secretary; Jacob J. Lew, 
Treasury Secretary; Larry Summers (ultra-Zionist), director of the 
White House National Economic Council; Paul Adolph Volcker 
(Rothschild business partner), chairman of the Economic Recovery 
Advisory Board; Peter Orszag (ultra-Zionist), director of the Office of 
Management and Budget overseeing all government spending; 
Penny Pritzker (ultra-Zionist), Commerce Secretary; Jared Bernstein 
(ultra-Zionist), chief economist and economic policy adviser to Vice 
President Joe Biden; Mary Schapiro (ultra-Zionist), chair of the 
Securities and Exchange Commission (SEC); Gary Gensler (ultra- 
Zionist), chairman of the Commodity Futures Trading Commission 
(CFTC); Sheila Bair (ultra-Zionist), chair of the Federal Deposit 
Insurance Corporation (FDIC); Karen Mills (ultra-Zionist), head of 
the Small Business Administration (SBA); Kenneth Feinberg (ultra- 
Zionist), Special Master for Executive [bail-out] Compensation. 
Feinberg would be appointed to oversee compensation (with strings) 
to 9/11 victims and families in a campaign to stop them having their 
day in court to question the official story. At the same time ultra- 
Zionist Bernard Bernanke was chairman of the Federal Reserve and 
these are only some of the ultra-Zionists with allegiance to 
Sabbatian-controlled Israel in the Obama government. Obama’s 
biggest corporate donor was ultra-Zionist Goldman Sachs which had 
employed many in his administration. 


Donald Trump (Republican) 

Trump claimed to be an outsider (he wasn’t) who had come to ‘drain 
the swamp’. He embarked on this goal by immediately appointing 
ultra-Zionist Steve Mnuchin, a Goldman Sachs employee for 17 


years, as his Treasury Secretary. Others included Gary Cohn (ultra- 
Zionist), chief operating officer of Goldman Sachs, his first Director 
of the National Economic Council and chief economic adviser, who 
was later replaced by Larry Kudlow (ultra-Zionist). Trump’s senior 
adviser throughout his four years in the White House was his 
sinister son-in-law Jared Kushner, a life-long friend of Israel Prime 
Minister Benjamin Netanyahu. Kushner is the son of a convicted 
crook who was pardoned by Trump in his last days in office. Other 
ultra-Zionists in the Trump administration included: Stephen Miller, 
Senior Policy Adviser; Avrahm Berkowitz, Deputy Adviser to Trump 
and his Senior Adviser Jared Kushner; Ivanka Trump, Adviser to the 
President, who converted to Judaism when she married Jared 
Kushner; David Friedman, Trump lawyer and Ambassador to Israel; 
Jason Greenblatt, Trump Organization executive vice president and 
chief legal officer, who was made Special Representative for 
International Negotiations and the Israeli-Palestinian Conflict; Rod 
Rosenstein, Deputy Attorney General; Elliot Abrams, Special 
Representative for Venezuela, then Iran; John Eisenberg, National 
Security Council Legal Adviser and Deputy Council to the President 
for National Security Affairs; Anne Neuberger, Deputy National 
Manager, National Security Agency; Ezra Cohen-Watnick, Acting 
Under Secretary of Defense for Intelligence; Elan Carr, Special Envoy 
to monitor and combat anti-Semitism; Len Khodorkovsky, Deputy 
Special Envoy to monitor and combat anti-Semitism; Reed Cordish, 
Assistant to the President, Intragovernmental and Technology 
Initiatives. Trump Vice President Mike Pence and Secretary of State 
Mike Pompeo, both Christian Zionists, were also vehement 
supporters of Israel and its goals and ambitions. 

Donald ‘free-speech believer’ Trump pardoned a number of 
financial and violent criminals while ignoring calls to pardon Julian 
Assange and Edward Snowden whose crimes are revealing highly 
relevant information about government manipulation and 
corruption and the widespread illegal surveillance of the American 
people by US ‘security’ agencies. It’s so good to know that Trump is 
on the side of freedom and justice and not mega-criminals with 


allegiance to Sabbatian-controlled Israel. These included a pardon 
for Israeli spy Jonathan Pollard who was jailed for life in 1987 under 
the Espionage Act. Aviem Sella, the Mossad agent who recruited 
Pollard, was also pardoned by Trump while Assange sat in jail and 
Snowden remained in exile in Russia. Sella had ‘fled’ (was helped to 
escape) to Israel in 1987 and was never extradited despite being 
charged under the Espionage Act. A Trump White House statement 
said that Sella’s clemency had been ‘supported by Benjamin 
Netanyahu, Ron Dermer, Israel’s US Ambassador, David Friedman, 
US Ambassador to Israel and Miriam Adelson, wife of leading 
Trump donor Sheldon Adelson who died shortly before. Other 
friends of Jared Kushner were pardoned along with Sholom Weiss 
who was believed to be serving the longest-ever white-collar prison 
sentence of more than 800 years in 2000. The sentence was 
commuted of Ponzi-schemer Eliyahu Weinstein who defrauded Jews 
and others out of $200 million. I did mention that Assange and 
Snowden were ignored, right? Trump gave Sabbatians almost 
everything they asked for in military and political support, moving 
the US Embassy from Tel Aviv to Jerusalem with its critical symbolic 
and literal implications for Palestinian statehood, and the ‘deal of the 
Century’ designed by Jared Kushner and David Friedman which 
gave the Sabbatian Israeli government the green light to 
substantially expand its already widespread program of building 
illegal Jewish-only settlements in the occupied land of the West 
Bank. This made a two-state ‘solution’ impossible by seizing all the 
land of a potential Palestinian homeland and that had been the plan 
since 1948 and then 1967 when the Arab-controlled Gaza Strip, West 
Bank, Sinai Peninsula and Syrian Golan Heights were occupied by 
Israel. All the talks about talks and road maps and delays have been 
buying time until the West Bank was physically occupied by Israeli 
real estate. Trump would have to be a monumentally ill-informed 
idiot not to see that this was the plan he was helping to complete. 
The Trump administration was in so many ways the Kushner 
administration which means the Netanyahu administration which 
means the Sabbatian administration. I understand why many 
opposing Cult fascism in all its forms gravitated to Trump, but he 


was a crucial part of the Sabbatian plan and I will deal with this in 
the next chapter. 


Joe Bitien (Democrat) 

A barely cognitive Joe Biden took over the presidency in January, 
2021, along with his fellow empty shell, Vice-President Kamala 
Harris, as the latest Sabbatian gofers to enter the White House. 
Names on the door may have changed and the ‘party’ — the force 
behind them remained the same as Zionists were appointed to a 
stream of pivotal areas relating to Sabbatian plans and policy. They 
included: Janet Yellen, Treasury Secretary, former head of the Federal 
Reserve, and still another ultra-Zionist running the US Treasury after 
Mnuchin (Trump), Lew and Geithner (Obama), and Summers and 
Rubin (Clinton); Anthony Blinken, Secretary of State; Wendy 
Sherman, Deputy Secretary of State (so that’s ‘Biden’s’ Sabbatian 
foreign policy sorted); Jeff Zients, White House coronavirus 
coordinator; Rochelle Walensky, head of the Centers for Disease 
Control; Rachel Levine, transgender deputy health secretary (that’s 
‘Covid’ hoax policy under control); Merrick Garland, Attorney 
General; Alejandro Mayorkas, Secretary of Homeland Security; Cass 
Sunstein, Homeland Security with responsibility for new 
immigration laws; Avril Haines, Director of National Intelligence; 
Anne Neuberger, National Security Agency cybersecurity director 
(note, cybersecurity); David Cohen, CIA Deputy Director; Ronald 
Klain, Biden’s Chief of Staff (see Rahm Emanuel); Eric Lander, a 
‘leading geneticist’, Office of Science and Technology Policy director 
(see Smart Grid, synthetic biology agenda); Jessica Rosenworcel, 
acting head of the Federal Communications Commission (FCC) 
which controls Smart Grid technology policy and electromagnetic 
communication systems including 5G. How can it be that so many 
pivotal positions are held by two-percent of the American 
population and 0.2 percent of the world population administration 
after administration no matter who is the president and what is the 
party? It’s a coincidence? Of course it’s not and this is why 
Sabbatians have built their colossal global web of interlocking ‘anti- 


hate’ hate groups to condemn anyone who asks these glaring 
questions as an ‘anti-Semite’. The way that Jewish people horrifically 
abused in Sabbatian-backed Nazi Germany are exploited to this end 
is stomach-turning and disgusting beyond words. 


Political fusion 

Sabbatian manipulation has reversed the roles of Republicans and 
Democrats and the same has happened in Britain with the 
Conservative and Labour Parties. Republicans and Conservatives 
were always labelled the ‘right’ and Democrats and Labour the ‘left’, 
but look at the policy positions now and the Democrat-Labour ‘left’ 
has moved further to the ‘right’ than Republicans and Conservatives 
under the banner of ‘Woke’, the Cult-created far-right tyranny. 
Where once the Democrat-Labour ‘left’ defended free speech and 
human rights they now seek to delete them and as I said earlier 
despite the ‘Covid’ fascism of the Jackboot Johnson Conservative 
government in the UK the Labour Party of leader Keir Starmer 
demanded even more extreme measures. The Labour Party has been 
very publicly absorbed by Sabbatians after a political and media 
onslaught against the previous leader, the weak and inept Jeremy 
Corbyn, over made-up allegations of ‘anti-Semitism’ both by him 
and his party. The plan was clear with this ‘anti-Semite’ propaganda 
and what was required in response was a swift and decisive ‘fuck 
off’ from Corbyn and a statement to expose the Anti-Semitism 
Industry (Sabbatian) attempt to silence Labour criticism of the Israeli 
government (Sabbatians) and purge the party of all dissent against 
the extremes of ultra-Zionism (Sabbatians). Instead Corbyn and his 
party fell to their knees and appeased the abusers which, by 
definition, is impossible. Appeasing one demand leads only to anew 
demand to be appeased until takeover is complete. Like I say — ‘fuck 
off’ would have been a much more effective policy and I have used it 
myself with great effect over the years when Sabbatians are on my 
case which is most of the time. I consider that fact a great 
compliment, by the way. The outcome of the Labour Party 
capitulation is that we now have a Sabbatian-controlled 


Conservative Party ‘opposed’ by a Sabbatian-controlled Labour 
Party in a one-party Sabbatian state that hurtles towards the 
extremes of tyranny (the Sabbatian cult agenda). In America the 
situation is the same. Labour’s Keir Starmer spends his days on his 
knees with his tongue out pointing to Tel Aviv, or I guess now 
Jerusalem, while Boris Johnson has an ‘anti-Semitism czar’ in the 
form of former Labour MP John Mann who keeps Starmer company 
on his prayer mat. 

Sabbatian influence can be seen in Jewish members of the Labour 
Party who have been ejected for criticism of Israel including those 
from families that suffered in Nazi Germany. Sabbatians despise real 
Jewish people and target them even more harshly because it is so 
much more difficult to dub them ‘anti-Semitic’ although in their 
desperation they do try. 


CHAPTER THREE 
The Pushbacker sting 


Until you realize how easy it is for your mind to be manipulated, you 
remain the puppet of someone else’s game 
Evita Ochel 


will use the presidencies of Trump and Biden to show how the 

manipulation of the one-party state plays out behind the illusion 
of political choice across the world. No two presidencies could — on 
the face of it — be more different and apparently at odds in terms of 
direction and policy. 

A Renegade Mind sees beyond the obvious and focuses on 
outcomes and consequences and not image, words and waffle. The 
Cult embarked on a campaign to divide America between those who 
blindly support its agenda (the mentality known as ‘Woke’) and 
those who are pushing back on where the Cult and its Sabbatians 
want to go. This presents infinite possibilities for dividing and ruling 
the population by setting them at war with each other and allows a 
perceptual ring fence of demonisation to encircle the Pushbackers in 
a modern version of the Little Big Horn in 1876 when American 
cavalry led by Lieutenant Colonel George Custer were drawn into a 
trap, surrounded and killed by Native American tribes defending 
their land of thousands of years from being seized by the 
government. In this modern version the roles are reversed and it’s 
those defending themselves from the Sabbatian government who are 
surrounded and the government that’s seeking to destroy them. This 
trap was set years ago and to explain how we must return to 2016 


and the emergence of Donald Trump as a candidate to be President 
of the United States. He set out to overcome the best part of 20 other 
candidates in the Republican Party before and during the primaries 
and was not considered by many in those early stages to have a 
prayer of living in the White House. The Republican Party was said 
to have great reservations about Trump and yet somehow he won 
the nomination. When you know how American politics works — 
politics in general — there is no way that Trump could have become 
the party’s candidate unless the Sabbatian-controlled ‘Neocons’ that 
run the Republican Party wanted that to happen. We saw the proof 
in emails and documents made public by WikiLeaks that the 
Democratic Party hierarchy, or Democons, systematically 
undermined the campaign of Bernie Sanders to make sure that 
Sabbatian gofer Hillary Clinton won the nomination to be their 
presidential candidate. If the Democons could do that then the 
Neocons in the Republican Party could have derailed Trump in the 
same way. But they didn’t and at that stage I began to conclude that 
Trump could well be the one chosen to be president. If that was the 
case the ‘why’ was pretty clear to see — the goal of dividing America 
between Cult agenda-supporting Wokers and Pushbackers who 
gravitated to Trump because he was telling them what they wanted 
to hear. His constituency of support had been increasingly ignored 
and voiceless for decades and profoundly through the eight years of 
Sabbatian puppet Barack Obama. Now here was someone speaking 
their language of pulling back from the incessant globalisation of 
political and economic power, the exporting of American jobs to 
China and elsewhere by ‘American’ (Sabbatian) corporations, the 
deletion of free speech, and the mass immigration policies that had 
further devastated job opportunities for the urban working class of 
all races and the once American heartlands of the Midwest. 


Beware the forked tongue 

Those people collectively sighed with relief that at last a political 
leader was apparently on their side, but another trait of the 
Renegade Mind is that you look even harder at people telling you 


what you want to hear than those who are telling you otherwise. 
Obviously as I said earlier people wish what they want to hear to be 
true and genuine and they are much more likely to believe that than 
someone saying what they don’t want to here and don’t want to be 
true. Sales people are taught to be skilled in eliciting by calculated 
questioning what their customers want to hear and repeating that 
back to them as their own opinion to get their targets to like and 
trust them. Assets of the Cult are also sales people in the sense of 
selling perception. To read Cult manipulation you have to play the 
long and expanded game and not fall for the Vaudeville show of 
party politics. Both American parties are vehicles for the Cult and 
they exploit them in different ways depending on what the agenda 
requires at that moment. Trump and the Republicans were used to 
be the focus of dividing America and isolating Pushbackers to open 
the way for a Biden presidency to become the most extreme in 
American history by advancing the full-blown Woke (Cult) agenda 
with the aim of destroying and silencing Pushbackers now labelled 
Nazi Trump supporters and white supremacists. 

Sabbatians wanted Trump in office for the reasons described by 
ultra-Zionist Saul Alinsky (1909-1972) who was promoting the Woke 
philosophy through ‘community organising’ long before anyone had 
heard of it. In those days it still went by its traditional name of 
Marxism. The reason for the manipulated Trump phenomenon was 
laid out in Alinsky’s 1971 book, Rules for Radicals, which was his 
blueprint for overthrowing democratic and other regimes and 
replacing them with Sabbatian Marxism. Not surprisingly his to-do 
list was evident in the Sabbatian French and Russian ‘Revolutions’ 
and that in China which will become very relevant in the next 
chapter about the ‘Covid’ hoax. Among Alinsky’s followers have 
been the deeply corrupt Barack Obama, House Speaker Nancy Pelosi 
and Hillary Clinton who described him as a ‘hero’. All three are 
Sabbatian stooges with Pelosi personifying the arrogant corrupt 
idiocy that so widely fronts up for the Cult inner core. Predictably as 
a Sabbatian advocate of the ‘light-bringer’ Alinsky features Lucifer 
on the dedication page of his book as the original radical who gained 


his own kingdom (‘Earth’ as we shall see). One of Alinsky’s golden 
radical rules was to pick an individual and focus all attention, hatred 
and blame on them and not to target faceless bureaucracies and 
corporations. Rules for Radicals is really a Sabbatian handbook with 
its contents repeatedly employed all over the world for centuries and 
why wouldn’t Sabbatians bring to power their designer-villain to be 
used as the individual on which all attention, hatred and blame was 
bestowed? This is what they did and the only question for me is how 
much Trump knew that and how much he was manipulated. A bit of 
both, I suspect. This was Alinsky’s Trump technique from a man 
who died in 1972. The technique has spanned history: 


Pick the target, freeze it, personalize it, polarize it. Don’t try to attack abstract corporations or 
bureaucracies. Identify a responsible individual. Ignore attempts to shift or spread the blame. 


From the moment Trump came to illusory power everything was 
about him. It wasn’t about Republican policy or opinion, but all 
about Trump. Everything he did was presented in negative, 
derogatory and abusive terms by the Sabbatian-dominated media 
led by Cult operations such as CNN, MSNBC, The New York Times 
and the Jeff Bezos-owned Washington Post — ‘Pick the target, freeze it, 
personalize it, polarize it.’ Trump was turned into a demon to be 
vilified by those who hated him and a demi-god loved by those who 
worshipped him. This, in turn, had his supporters, too, presented as 
equally demonic in preparation for the punchline later down the line 
when Biden was about to take office. It was here’s a Trump, there’s a 
Trump, everywhere a Trump, Trump. Virtually every news story or 
happening was filtered through the lens of ‘The Donald’. You loved 
him or hated him and which one you chose was said to define you as 
Satan’s spawn or a paragon of virtue. Even supporting some Trump 
policies or statements and not others was enough for an assault on 
your character. No shades of grey were or are allowed. Everything is 
black and white (literally and figuratively). A Californian I knew had 
her head utterly scrambled by her hatred for Trump while telling 
people they should love each other. She was so totally consumed by 


Trump Derangement Syndrome as it became to be known that this 
glaring contradiction would never have occurred to her. By 
definition anyone who criticised Trump or praised his opponents 
was a hero and this lady described Joe Biden as ‘a kind, honest 
gentleman’ when he’s a provable liar, mega-crook and vicious piece 
of work to boot. Sabbatians had indeed divided America using 
Trump as the fall-guy and all along the clock was ticking on the 
consequences for his supporters. 


In hock to his masters 

Trump gave Sabbatians via Israel almost everything they wanted in 
his four years. Ask and you shall receive was the dynamic between 
himself and Benjamin Netanyahu orchestrated by Trump’s ultra- 
Zionist son-in-law Jared Kushner, his ultra-Zionist Ambassador to 
Israel, David Friedman, and ultra-Zionist ‘Israel adviser’, Jason 
Greenblatt. The last two were central to the running and protecting 
from collapse of his business empire, the Trump Organisation, and 
colossal business failures made him forever beholding to Sabbatian 
networks that bailed him out. By the start of the 1990s Trump owed 
$4 billion to banks that he couldn’t pay and almost $1billion of that 
was down to him personally and not his companies. This mega- 
disaster was the result of building two new casinos in Atlantic City 
and buying the enormous Taj Mahal operation which led to 
crippling debt payments. He had borrowed fantastic sums from 72 
banks with major Sabbatian connections and although the scale of 
debt should have had him living in a tent alongside the highway 
they never foreclosed. A plan was devised to lift Trump from the 
mire by BT Securities Corporation and Rothschild Inc. and the case 
was handled by Wilber Ross who had worked for the Rothschilds for 
27 years. Ross would be named US Commerce Secretary after 
Trump’s election. Another crucial figure in saving Trump was ultra- 
Zionist ‘investor’ Carl Icahn who bought the Taj Mahal casino. Icahn 
was made special economic adviser on financial regulation in the 
Trump administration. He didn’t stay long but still managed to find 
time to make a tidy sum of a reported $31.3 million when he sold his 


holdings affected by the price of steel three days before Trump 
imposed a 235 percent tariff on steel imports. What amazing bits of 
luck these people have. Trump and Sabbatian operatives have long 
had a close association and his mentor and legal adviser from the 
early 1970s until 1986 was the dark and genetically corrupt ultra- 
Zionist Roy Cohn who was chief counsel to Senator Joseph 
McCarthy’s ‘communist’ witch-hunt in the 1950s. Esquire magazine 
published an article about Cohn with the headline ‘Don’t mess with 
Roy Cohn’. He was described as the most feared lawyer in New York 
and ‘a ruthless master of dirty tricks ... [with] ... more than one Mafia 
Don on speed dial’. Cohn’s influence, contacts, support and 
protection made Trump a front man for Sabbatians in New York 
with their connections to one of Cohn’s many criminal employers, 
the ‘Russian’ Sabbatian Mafia. Israel-centric media mogul Rupert 
Murdoch was introduced to Trump by Cohn and they started a long 
friendship. Cohn died in 1986 weeks after being disbarred for 
unethical conduct by the Appellate Division of the New York State 
Supreme Court. The wheels of justice do indeed run slow given the 
length of Cohn’s crooked career. 


QAnon-sense 

We are asked to believe that Donald Trump with his fundamental 
connections to Sabbatian networks and operatives has been leading 
the fight to stop the Sabbatian agenda for the fascistic control of 
America and the world. Sure he has. A man entrapped during his 
years in the White House by Sabbatian operatives and whose biggest 
financial donor was casino billionaire Sheldon Adelson who was 
Sabbatian to his DNA?? Oh, do come on. Trump has been used to 
divide America and isolate Pushbackers on the Cult agenda under 
the heading of ‘Trump supporters’, ‘insurrectionists’ and ‘white 
supremacists’. The US Intelligence/Mossad Psyop or psychological 
operation known as QAnon emerged during the Trump years as a 
central pillar in the Sabbatian campaign to lead Pushbackers into the 
trap set by those that wished to destroy them. I knew from the start 
that QAnon was a scam because I had seen the same scenario many 


times before over 30 years under different names and I had written 
about one in particular in the books. “Not again’ was my reaction 
when QAnon came to the fore. The same script is pulled out every 
few years and a new name added to the letterhead. The story always 
takes the same form: ‘Insiders’ or ‘the good guys’ in the government- 
intelligence-military ‘Deep State’ apparatus were going to instigate 
mass arrests of the ‘bad guys’ which would include the Rockefellers, 
Rothschilds, Barack Obama, Hillary Clinton, George Soros, etc., etc. 
Dates are given for when the ‘good guys’ are going to move in, but 
the dates pass without incident and new dates are given which pass 
without incident. The central message to Pushbackers in each case is 
that they don’t have to do anything because there is ‘a plan’ and it is 
all going to be sorted by the ‘good guys’ on the inside. ‘Trust the 
plan’ was a QAnon mantra when the only plan was to misdirect 
Pushbackers into putting their trust in a Psyop they believed to be 
real. Beware, beware, those who tell you what you want to hear and 
always check it out. Right up to Biden’s inauguration QAnon was 
still claiming that ‘the Storm’ was coming and Trump would stay on 
as president when Biden and his cronies were arrested and jailed. It 
was never going to happen and of course it didn’t, but what did 
happen as a result provided that punchline to the Sabbatian 
Trump/QAnon Psyop. 

On January 6th, 2021, a very big crowd of Trump supporters 
gathered in the National Mall in Washington DC down from the 
Capitol Building to protest at what they believed to be widespread 
corruption and vote fraud that stopped Trump being re-elected for a 
second term as president in November, 2020. I say as someone that 
does not support Trump or Biden that the evidence is clear that 
major vote-fixing went on to favour Biden, a man with cognitive 
problems so advanced he can often hardly string a sentence together 
without reading the words written for him on the Teleprompter. 
Glaring ballot discrepancies included serious questions about 
electronic voting machines that make vote rigging a comparative 
cinch and hundreds of thousands of paper votes that suddenly 
appeared during already advanced vote counts and virtually all of 


them for Biden. Early Trump leads in crucial swing states suddenly 
began to close and disappear. The pandemic hoax was used as the 
excuse to issue almost limitless numbers of mail-in ballots with no 
checks to establish that the recipients were still alive or lived at that 
address. They were sent to streams of people who had not even 
asked for them. Private organisations were employed to gather these 
ballots and who knows what they did with them before they turned 
up at the counts. The American election system has been 
manipulated over decades to become a sick joke with more holes 
than a Swiss cheese for the express purpose of dictating the results. 
Then there was the criminal manipulation of information by 
Sabbatian tech giants like Facebook, Twitter and Google-owned 
YouTube which deleted pro-Irump, anti-Biden accounts and posts 
while everything in support of Biden was left alone. Sabbatians 
wanted Biden to win because after the dividing of America it was 
time for full-on Woke and every aspect of the Cult agenda to be 
unleashed. 


Hunter gatherer 

Extreme Silicon Valley bias included blocking information by the 
New York Post exposing a Biden scandal that should have ended his 
bid for president in the final weeks of the campaign. Hunter Biden, 
his monumentally corrupt son, is reported to have sent a laptop to 
be repaired at a local store and failed to return for it. Time passed 
until the laptop became the property of the store for non-payment of 
the bill. When the owner saw what was on the hard drive he gave a 
copy to the FBI who did nothing even though it confirmed 
widespread corruption in which the Joe Biden family were using his 
political position, especially when he was vice president to Obama, 
to make multiple millions in countries around the world and most 
notably Ukraine and China. Hunter Biden’s one-time business 
partner Tony Bobulinski went public when the story broke in the 
New York Post to confirm the corruption he saw and that Joe Biden 
not only knew what was going on he also profited from the spoils. 
Millions were handed over by a Chinese company with close 


connections — like all major businesses in China — to the Chinese 
communist party of President Xi Jinping. Joe Biden even boasted at a 
meeting of the Cult’s World Economic Forum that as vice president 
he had ordered the government of Ukraine to fire a prosecutor. What 
he didn’t mention was that the same man just happened to be 
investigating an energy company which was part of Hunter Biden’s 
corrupt portfolio. The company was paying him big bucks for no 
other reason than the influence his father had. Overnight Biden’s 
presidential campaign should have been over given that he had lied 
publicly about not knowing what his son was doing. Instead almost 
the entire Sabbatian-owned mainstream media and Sabbatian- 
owned Silicon Valley suppressed circulation of the story. This alone 
went a mighty way to rigging the election of 2020. Cult assets like 
Mark Zuckerberg at Facebook also spent hundreds of millions to be 
used in support of Biden and vote ‘administration’. 


The Cult had used Trump as the focus to divide America and was 
now desperate to bring in moronic, pliable, corrupt Biden to 
complete the double-whammy. No way were they going to let little 
things like the will of the people thwart their plan. Silicon Valley 
widely censored claims that the election was rigged because it was 
rigged. For the same reason anyone claiming it was rigged was 
denounced as a ‘white supremacist’ including the pathetically few 
Republican politicians willing to say so. Right across the media 
where the claim was mentioned it was described as a ‘false claim’ 
even though these excuses for ‘journalists’ would have done no 
research into the subject whatsoever. Trump won seven million more 
votes than any sitting president had ever achieved while somehow a 
cognitively-challenged soon to be 78-year-old who was hidden away 
from the public for most of the campaign managed to win more 
votes than any presidential candidate in history. It makes no sense. 
You only had to see election rallies for both candidates to witness the 
enthusiasm for Trump and the apathy for Biden. Tens of thousands 
would attend Trump events while Biden was speaking in empty car 
parks with often only television crews attending and framing their 
shots to hide the fact that no one was there. It was pathetic to see 


footage come to light of Biden standing at a podium making 
speeches only to TV crews and party fixers while reading the words 
written for him on massive Teleprompter screens. So, yes, those 
protestors on January 6th had a point about election rigging, but 
some were about to walk into a trap laid for them in Washington by 
the Cult Deep State and its QAnon Psyop. This was the Capitol Hill 
riot ludicrously dubbed an ‘insurrection’. 


The spider and the fly 

Renegade Minds know there are not two ‘sides’ in politics, only one 
side, the Cult, working through all ‘sides’. It’s a stage show, a puppet 
show, to direct the perceptions of the population into focusing on 
diversions like parties and candidates while missing the puppeteers 
with their hands holding all the strings. The Capitol Hill 
‘insurrection’ brings us back to the Little Big Horn. Having created 
two distinct opposing groupings — Woke and Pushbackers — the trap 
was about to be sprung. Pushbackers were to be encircled and 
isolated by associating them all in the public mind with Trump and 
then labelling Trump as some sort of Confederate leader. I knew 
immediately that the Capitol riot was a set-up because of two things. 
One was how easy the rioters got into the building with virtually no 
credible resistance and secondly I could see — as with the ‘Covid’ 
hoax in the West at the start of 2020 — how the Cult could exploit the 
situation to move its agenda forward with great speed. My 
experience of Cult techniques and activities over more than 30 years 
has showed me that while they do exploit situations they haven't 
themselves created this never happens with events of fundamental 
agenda significance. Every time major events giving cultists the 
excuse to rapidly advance their plan you find they are manipulated 
into being for the specific reason of providing that excuse — Problem- 
Reaction-Solution. Only a tiny minority of the huge crowd of 
Washington protestors sought to gain entry to the Capitol by 
smashing windows and breaching doors. That didn’t matter. The 
whole crowd and all Pushbackers, even if they did not support 
Trump, were going to be lumped together as dangerous 


insurrectionists and conspiracy theorists. The latter term came into 
widespread use through a CIA memo in the 1960s aimed at 
discrediting those questioning the nonsensical official story of the 
Kennedy assassination and it subsequently became widely 
employed by the media. It’s still being used by inept ‘journalists’ 
with no idea of its origin to discredit anyone questioning anything 
that authority claims to be true. When you are perpetrating a 
conspiracy you need to discredit the very word itself even though 
the dictionary definition of conspiracy is merely ‘the activity of 
secretly planning with other people to do something bad or illegal’ 
and ‘a general agreement to keep silent about a subject for the 
purpose of keeping it secret’. On that basis there are conspiracies 
almost wherever you look. For obvious reasons the Cult and its 
lapdog media have to claim there are no conspiracies even though 
the word appears in state laws as with conspiracy to defraud, to 
murder, and to corrupt public morals. 


Agent provocateurs are widely used by the Cult Deep State to 
manipulate genuine people into acting in ways that suit the desired 
outcome. By genuine in this case I mean protestors genuinely 
supporting Trump and claims that the election was stolen. In among 
them, however, were agents of the state wearing the garb of Trump 
supporters and QAnon to pump-prime the Capital riot which some 
genuine Trump supporters naively fell for. I described the situation 
as ‘Come into my parlour said the spider to the fly’. Leaflets 
appeared through the Woke paramilitary arm Antifa, the anti-fascist 
fascists, calling on supporters to turn up in Washington looking like 
Trump supporters even though they hated him. Some of those 
arrested for breaching the Capitol Building were sourced to Antifa 
and its stable mate Black Lives Matter. Both organisations are funded 
by Cult billionaires and corporations. One man charged for the riot 
was according to his lawyer a former FBI agent who had held top 
secret security clearance for 40 years. Attorney Thomas Plofchan said 
of his client, 66-year-old Thomas Edward Caldwell: 


He has held a Top Secret Security Clearance since 1979 and has undergone multiple Special 
Background Investigations in support of his clearances. After retiring from the Navy, he 


worked as a section chief for the Federal Bureau of Investigation from 2009-2010 as a GS-12 
[mid-level employee]. 


He also formed and operated a consulting firm performing work, often classified, for U.S 
government customers including the US. Drug Enforcement Agency, Department of Housing 
and Urban Development, the US Coast Guard, and the US Army Personnel Command. 


A judge later released Caldwell pending trial in the absence of 
evidence about a conspiracy or that he tried to force his way into the 
building. The New York Post reported a ‘law enforcement source’ as 
saying that ‘at least two known Antifa members were spotted’ on 
camera among Trump supporters during the riot while one of the 
rioters arrested was John Earle Sullivan, a seriously extreme Black 
Lives Matter Trump-hater from Utah who was previously arrested 
and charged in July, 2020, over a BLM-Antifa riot in which drivers 
were threatened and one was shot. Sullivan is the founder of Utah- 
based Insurgence USA which is an affiliate of the Cult-created-and- 
funded Black Lives Matter movement. Footage appeared and was 
then deleted by Twitter of Trump supporters calling out Antifa 
infiltrators and a group was filmed changing into pro-Trump 
clothing before the riot. Security at the building was pathetic — as 
planned. Colonel Leroy Fletcher Prouty, a man with long experience 
in covert operations working with the US security apparatus, once 
described the tell-tale sign to identify who is involved in an 
assassination. He said: 


No one has to direct an assassination — it happens. The active role is played secretly by 
permitting it to happen. This is the greatest single clue. Who has the power to call off or 
reduce the usual security precautions? 


This principle applies to many other situations and certainly to the 
Capitol riot of January 6th, 2021. 


The sting 

With such a big and potentially angry crowd known to be gathering 
near the Capitol the security apparatus would have had a major 
police detail to defend the building with National Guard troops on 


standby given the strength of feeling among people arriving from all 
over America encouraged by the QAnon Psyop and statements by 
Donald Trump. Instead Capitol Police ‘security’ was flimsy, weak, 
and easily breached. The same number of officers was deployed as 
on a regular day and that is a blatant red flag. They were not staffed 
or equipped for a possible riot that had been an obvious possibility 
in the circumstances. No protective and effective fencing worth the 
name was put in place and there were no contingency plans. The 
whole thing was basically a case of standing aside and waving 
people in. Once inside police mostly backed off apart from one 
Capitol police officer who ridiculously shot dead unarmed Air Force 
veteran protestor Ashli Babbitt without a warning as she climbed 
through a broken window. The ‘investigation’ refused to name or 
charge the officer after what must surely be considered a murder in 
the circumstances. They just lifted a carpet and swept. The story was 
endlessly repeated about five people dying in the ‘armed 
insurrection’ when there was no report of rioters using weapons. 
Apart from Babbitt the other four died from a heart attack, strokes 
and apparently a drug overdose. Capitol police officer Brian Sicknick 
was reported to have died after being bludgeoned with a fire 
extinguisher when he was alive after the riot was over and died later 
of what the Washington Medical Examiner’s Office said was a stroke. 
Sicknick had no external injuries. The lies were delivered like rapid 
fire. There was a narrative to build with incessant repetition of the lie 
until the lie became the accepted ‘everybody knows that’ truth. The 
‘Big Lie’ technique of Nazi Propaganda Minister Joseph Goebbels is 
constantly used by the Cult which was behind the Nazis and is 
today behind the ‘Covid’ and ‘climate change’ hoaxes. Goebbels 
said: 


If you tell a lie big enough and keep repeating it, people will eventually come to believe it. 
The lie can be maintained only for such time as the State can shield the people from the 
political, economic and/or military consequences of the lie. It thus becomes vitally important 
for the State to use all of its powers to repress dissent, for the truth is the mortal enemy of the 
lie, and thus by extension, the truth is the greatest enemy of the State. 


Most protestors had a free run of the Capitol Building. This 
allowed pictures to be taken of rioters in iconic parts of the building 
including the Senate chamber which could be used as propaganda 
images against all Pushbackers. One Congresswoman described the 
scene as ‘the worst kind of non-security anybody could ever 
imagine’. Well, the first part was true, but someone obviously did 
imagine it and made sure it happened. Some photographs most 
widely circulated featured people wearing QAnon symbols and now 
the Psyop would be used to dub all QAnon followers with the 
ubiquitous fit-all label of “white supremacist’ and ‘insurrectionists’. 
When a Muslim extremist called Noah Green drove his car at two 
police officers at the Capitol Building killing one in April, 2021, there 
was no such political and media hysteria. They were just 
disappointed he wasn’t white. 


The witch-hunt 


Government prosecutor Michael Sherwin, an aggressive, dark-eyed, 
professional Rottweiler led the ‘investigation’ and to call it over the 
top would be to understate reality a thousand fold. Hundreds were 
tracked down and arrested for the crime of having the wrong 
political views and people were jailed who had done nothing more 
than walk in the building, committed no violence or damage to 
property, took a few pictures and left. They were labelled a ‘threat to 
the Republic’ while Biden sat in the White House signing executive 
orders written for him that were dismantling ‘the Republic’. Even 
when judges ruled that a mother and son should not be in jail the 
government kept them there. Some of those arrested have been 
badly beaten by prison guards in Washington and lawyers for one 
man said he suffered a fractured skull and was made blind in one 
eye. Meanwhile a woman is shot dead for no reason by a Capitol 
Police officer and we are not allowed to know who he is never mind 
what has happened to him although that will be nothing. The Cult’s 
QAnon/Trump sting to identify and isolate Pushbackers and then 
target them on the road to crushing and deleting them was a 
resounding success. You would have thought the Russians had 


invaded the building at gunpoint and lined up senators for a firing 
squad to see the political and media reaction. Congresswoman 
Alexandria Ocasio-Cortez is a child in a woman’s body, a terrible- 
twos, me, me, me, Woker narcissist of such proportions that words 
have no meaning. She said she thought she was going to die when 
‘insurrectionists’ banged on her office door. It turned out she wasn’t 
even in the Capitol Building when the riot was happening and the 
‘banging’ was a Capitol Police officer. She referred to herself as a 
‘survivor’ which is an insult to all those true survivors of violent and 
sexual abuse while she lives her pampered and privileged life 
talking drivel for a living. Her Woke colleague and fellow mega- 
narcissist Rashida Tlaib broke down describing the devastating 
effect on her, too, of not being in the building when the rioters were 
there. Ocasio-Cortez and Tlaib are members of a fully-Woke group 
of Congresswomen known as ‘The Squad’ along with Ilhan Omar 
and Ayanna Pressley. The Squad from what I can see can be 
identified by its vehement anti-white racism, anti-white men agenda, 
and, as always in these cases, the absence of brain cells on active 
duty. 

The usual suspects were on the riot case immediately in the form 
of Democrat ultra-Zionist senators and operatives Chuck Schumer 
and Adam Schiff demanding that Trump be impeached for ‘his part 
in the insurrection’. The same pair of prats had led the failed 
impeachment of Trump over the invented ‘Russia collusion’ 
nonsense which claimed Russia had helped Trump win the 2016 
election. I didn’t realise that Tel Aviv had been relocated just outside 
Moscow. I must find an up-to-date map. The Russia hoax was a 
Sabbatian operation to keep Trump occupied and impotent and to 
stop any rapport with Russia which the Cult wants to retain as a 
perceptual enemy to be pulled out at will. Puppet Biden began 
attacking Russia when he came to office as the Cult seeks more 
upheaval, division and war across the world. A two-year stage show 
‘Russia collusion inquiry’ headed by the not-very-bright former 9/11 
FBI chief Robert Mueller, with support from 19 lawyers, 40 FBI 
agents plus intelligence analysts, forensic accountants and other 


staff, devoured tens of millions of dollars and found no evidence of 
Russia collusion which a ten-year-old could have told them on day 
one. Now the same moronic Schumer and Schiff wanted a second 
impeachment of Trump over the Capitol ‘insurrection’ (riot) which 
the arrested development of Schumer called another ‘Pearl Harbor’ 
while others compared it with 9/11 in which 3,000 died and, in the 
case of CNN, with the Rwandan genocide in the 1990s in which an 
estimated 500,000 to 600,000 were murdered, between 250, 000 and 
500,000 women were raped, and populations of whole towns were 
hacked to death with machetes. To make those comparisons purely 
for Cult political reasons is beyond insulting to those that suffered 
and lost their lives and confirms yet again the callous inhumanity 
that we are dealing with. Schumer is a monumental idiot and so is 
Schiff, but they serve the Cult agenda and do whatever they’re told 
so they get looked after. Talking of idiots — another inane man who 
spanned the Russia and Capitol impeachment attempts was Senator 
Eric Swalwell who had the nerve to accuse Trump of collusion with 
the Russians while sleeping with a Chinese spy called Christine Fang 
or ‘Fang Fang’ which is straight out of a Bond film no doubt starring 
Klaus Schwab as the bloke living on a secret island and controlling 
laser weapons positioned in space and pointing at world capitals. 
Fang Fang plays the part of Bond’s infiltrator girlfriend which I’m 
sure she would enjoy rather more than sharing a bed with the 
brainless Swalwell, lying back and thinking of China. The FBI 
eventually warned Swalwell about Fang Fang which gave her time 
to escape back to the Chinese dictatorship. How very thoughtful of 
them. The second Trump impeachment also failed and hardly 
surprising when an impeachment is supposed to remove a sitting 
president and by the time it happened Trump was no longer 
president. These people are running your country America, well, 
officially anyway. Terrifying isn’t it? 


Outcomes tell the story - always 
The outcome of all this — and it’s the outcome on which Renegade 
Minds focus, not the words — was that a vicious, hysterical and 


obviously pre-planned assault was launched on Pushbackers to 
censor, silence and discredit them and even targeted their right to 
earn a living. They have since been condemned as ‘domestic 
terrorists’ that need to be treated like Al-Qaeda and Islamic State. 
‘Domestic terrorists’ is a label the Cult has been trying to make stick 
since the period of the Oklahoma bombing in 1995 which was 
blamed on ‘far-right domestic terrorists’. If you read The Trigger you 
will see that the bombing was clearly a Problem-Reaction-Solution 
carried out by the Deep State during a Bill Clinton administration so 
corrupt that no dictionary definition of the term would even nearly 
suffice. Nearly 30, 000 troops were deployed from all over America 
to the empty streets of Washington for Biden’s inauguration. Ten 
thousand of them stayed on with the pretext of protecting the capital 
from insurrectionists when it was more psychological programming 
to normalise the use of the military in domestic law enforcement in 
support of the Cult plan for a police-military state. Biden’s fascist 
administration began a purge of ‘wrong-thinkers’ in the military 
which means anyone that is not on board with Woke. The Capitol 
Building was surrounded by a fence with razor wire and the Land of 
the Free was further symbolically and literally dismantled. The circle 
was completed with the installation of Biden and the exploitation of 
the QAnon Psyop. 

America had never been so divided since the civil war of the 19th 
century, Pushbackers were isolated and dubbed terrorists and now, 
as was always going to happen, the Cult immediately set about 
deleting what little was left of freedom and transforming American 
society through a swish of the hand of the most controlled 
‘president’ in American history leading (officially at least) the most 
extreme regime since the country was declared an independent state 
on July 4th, 1776. Biden issued undebated, dictatorial executive 
orders almost by the hour in his opening days in office across the 
whole spectrum of the Cult wish-list including diluting controls on 
the border with Mexico allowing thousands of migrants to illegally 
enter the United States to transform the demographics of America 
and import an election-changing number of perceived Democrat 


voters. Then there were Biden deportation amnesties for the already 
illegally resident (estimated to be as high as 20 or even 30 million). A 
bill before Congress awarded American citizenship to anyone who 
could prove they had worked in agriculture for just 180 days in the 
previous two years as ‘Big Ag’ secured its slave labour long-term. 
There were the plans to add new states to the union such as Puerto 
Rico and making Washington DC a state. They are all parts of a plan 
to ensure that the Cult-owned Woke Democrats would be 
permanently in power. 


Border — what border? 

I have exposed in detail in other books how mass immigration into 
the United States and Europe is the work of Cult networks fuelled by 
the tens of billions spent to this and other ends by George Soros and 
his global Open Society (open borders) Foundations. The impact can 
be seen in America alone where the population has increased by 100 
million in little more than 30 years mostly through immigration. I 
wrote in The Answer that the plan was to have so many people 
crossing the southern border that the numbers become unstoppable 
and we are now there under Cult-owned Biden. El Salvador in 
Central America puts the scale of what is happening into context. A 
third of the population now lives in the United States, much of it 
illegally, and many more are on the way. The methodology is to 
crush Central and South American countries economically and 
spread violence through machete-wielding psychopathic gangs like 
MS-13 based in El Salvador and now operating in many American 
cities. Biden-imposed lax security at the southern border means that 
it is all but open. He said before his ‘election’ that he wanted to see a 
surge towards the border if he became president and that was the 
green light for people to do just that after election day to create the 
human disaster that followed for both America and the migrants. 
When that surge came the imbecilic Alexandria Ocasio-Cortez said it 
wasn’t a ‘surge’ because they are ‘children, not insurgents’ and the 
term ‘surge’ (used by Biden) was a claim of ‘white supremacists’. 


This disingenuous lady may one day enter the realm of the most 
basic intelligence, but it won’t be any time soon. 


Sabbatians and the Cult are in the process of destroying America 
by importing violent people and gangs in among the genuine to 
terrorise American cities and by overwhelming services that cannot 
cope with the sheer volume of new arrivals. Something similar is 
happening in Europe as Western society in general is targeted for 
demographic and cultural transformation and upheaval. The plan 
demands violence and crime to create an environment of 
intimidation, fear and division and Soros has been funding the 
election of district attorneys across America who then stop 
prosecuting many crimes, reduce sentences for violent crimes and 
free as many violent criminals as they can. Sabbatians are creating 
the chaos from which order — their order — can respond in a classic 
Problem-Reaction-Solution. A Freemasonic moto says ‘Ordo Ab 
Chao’ (Order out of Chaos) and this is why the Cult is constantly 
creating chaos to impose a new ‘order’. Here you have the reason 
the Cult is constantly creating chaos. The ‘Covid’ hoax can be seen 
with those entering the United States by plane being forced to take a 
‘Covid’ test while migrants flooding through southern border 
processing facilities do not. Nothing is put in the way of mass 
migration and if that means ignoring the government’s own ‘Covid’ 
rules then so be it. They know it’s all bullshit anyway. Any pushback 
on this is denounced as ‘racist’ by Wokers and Sabbatian fronts like 
the ultra-Zionist Anti-Defamation League headed by the appalling 
Jonathan Greenblatt which at the same time argues that Israel should 
not give citizenship and voting rights to more Palestinian Arabs or 
the ‘Jewish population’ (in truth the Sabbatian network) will lose 
control of the country. 


Society-changing numbers 

Biden’s masters have declared that countries like El Salvador are so 
dangerous that their people must be allowed into the United States 
for humanitarian reasons when there are fewer murders in large 
parts of many Central American countries than in US cities like 


Baltimore. That is not to say Central America cannot be a dangerous 
place and Cult-controlled American governments have been making 
it so since way back, along with the dismantling of economies, in a 
long-term plan to drive people north into the United States. Parts of 
Central America are very dangerous, but in other areas the story is 
being greatly exaggerated to justify relaxing immigration criteria. 
Migrants are being offered free healthcare and education in the 
United States as another incentive to head for the border and there is 
no requirement to be financially independent before you can enter to 
prevent the resources of America being drained. You can’t blame 
migrants for seeking what they believe will be a better life, but they 
are being played by the Cult for dark and nefarious ends. The 
numbers since Biden took office are huge. In February, 2021, more 
than 100,000 people were known to have tried to enter the US 
illegally through the southern border (it was 34,000 in the same 
month in 2020) and in March it was 170,000 — a 418 percent increase 
on March, 2020. These numbers are only known people, not the ones 
who get in unseen. The true figure for migrants illegally crossing the 
border in a single month was estimated by one congressman at 
250,000 and that number will only rise under Biden’s current policy. 
Gangs of murdering drug-running thugs that control the Mexican 
side of the border demand money — thousands of dollars — to let 
migrants cross the Rio Grande into America. At the same time gun 
battles are breaking out on the border several times a week between 
rival Mexican drug gangs (which now operate globally) who are 
equipped with sophisticated military-grade weapons, grenades and 
armoured vehicles. While the Capitol Building was being ‘protected’ 
from a non-existent ‘threat’ by thousands of troops, and others were 
still deployed at the time in the Cult Neocon war in Afghanistan, the 
southern border of America was left to its fate. This is not 
incompetence, it is cold calculation. 

By March, 2021, there were 17,000 unaccompanied children held at 
border facilities and many of them are ensnared by people traffickers 
for paedophile rings and raped on their journey north to America. 
This is not conjecture — this is fact. Many of those designated 


children are in reality teenage boys or older. Meanwhile Wokers 
posture their self-purity for encouraging poor and tragic people to 
come to America and face this nightmare both on the journey and at 
the border with the disgusting figure of House Speaker Nancy Pelosi 
giving disingenuous speeches about caring for migrants. The 
womans evil. Wokers condemned Trump for having children in 
cages at the border (so did Obama, Shhhh), but now they are sleeping 
on the floor without access to a shower with one border facility 729 
percent over capacity. The Biden insanity even proposed flying 
migrants from the southern border to the northern border with 
Canada for ‘processing’. The whole shambles is being overseen by 
ultra-Zionist Secretary of Homeland Security, the moronic liar 
Alejandro Mayorkas, who banned news cameras at border facilities 
to stop Americans seeing what was happening. Mayorkas said there 
was not a ban on news crews; it was just that they were not allowed 
to film. Alongside him at Homeland Security is another ultra-Zionist 
Cass Sunstein appointed by Biden to oversee new immigration laws. 
Sunstein despises conspiracy researchers to the point where he 
suggests they should be banned or taxed for having such views. The 
man is not bonkers or anything. He’s perfectly well-adjusted, but 
adjusted to what is the question. Criticise what is happening and 
you are a ‘white supremacist’ when earlier non-white immigrants 
also oppose the numbers which effect their lives and opportunities. 
Black people in poor areas are particularly damaged by uncontrolled 
immigration and the increased competition for work opportunities 
with those who will work for less. They are also losing voting power 
as Hispanics become more dominant in former black areas. It’s a 
downward spiral for them while the billionaires behind the policy 
drone on about how much they care about black people and 
‘racism’. None of this is about compassion for migrants or black 
people — that’s just wind and air. Migrants are instead being 
mercilessly exploited to transform America while the countries they 
leave are losing their future and the same is true in Europe. Mass 
immigration may now be the work of Woke Democrats, but it can be 
traced back to the 1986 Immigration Reform and Control Act (it 


wasn’t) signed into law by Republican hero President Ronald 
Reagan which gave amnesty to millions living in the United States 
illegally and other incentives for people to head for the southern 
border. Here we have the one-party state at work again. 


Almost every aspect of what I have been exposing as the Cult 
agenda was on display in even the first days of ‘Biden’ with silencing 
of Pushbackers at the forefront of everything. A Renegade Mind will 
view the Trump years and QAnon in a very different light to their 
supporters and advocates as the dots are connected. The 
QAnon/Trump Psyop has given the Cult all it was looking for. We 
may not know how much, or little, that Trump realised he was being 
used, but that’s a side issue. This pincer movement produced the 
desired outcome of dividing America and having Pushbackers 
isolated. To turn this around we have to look at new routes to 
empowerment which do not include handing our power to other 
people and groups through what I will call the ‘Save Me Syndrome’ 
—‘I want someone else to do it so that I don’t have to’. We have seen 
this at work throughout human history and the QAnon/Trump 
Psyop is only the latest incarnation alongside all the others. Religion 
is an obvious expression of this when people look to a ‘god’ or priest 
to save them or tell them how to be saved and then there are ‘save 
me’ politicians like Trump. Politics is a diversion and not a ‘saviour’. 
It is a means to block positive change, not make it possible. 


Save Me Syndrome always comes with the same repeating theme 
of handing your power to whom or what you believe will save you 
while your real ‘saviour’ stares back from the mirror every morning. 
Renegade Minds are constantly vigilant in this regard and always 
asking the question ‘What can I do?’ rather than ‘What can someone 
else do for me?’ Gandhi was right when he said: “You must be the 
change you want to see in the world.’ We are indeed the people we 
have been waiting for. We are presented with a constant raft of 
reasons to concede that power to others and forget where the real 
power is. Humanity has the numbers and the Cult does not. It has to 


use diversion and division to target the unstoppable power that 
comes from unity. Religions, governments, politicians, corporations, 
media, QAnon, are all different manifestations of this power- 
diversion and dilution. Refusing to give your power to governments 
and instead handing it to Trump and QAnon is not to take a new 
direction, but merely to recycle the old one with new names on the 
posters. I will explore this phenomenon as we proceed and how to 
break the cycles and recycles that got us here through the mists of 
repeating perception and so repeating history. 

For now we shall turn to the most potent example in the entire 
human story of the consequences that follow when you give your 
power away. I am talking, of course, of the ‘Covid’ hoax. 


CHAPTER FOUR 
‘Covid': Calculated catastrophe 


Facts are threatening to those invested in fraud 
DaShanne Stokes 


e can easily unravel the real reason for the ‘Covid pandemic’ 

hoax by employing the Renegade Mind methodology that I 
have outlined this far. We’ll start by comparing the long-planned 
Cult outcome with the ‘Covid pandemic’ outcome. Know the 
outcome and you'll see the journey. 

I have highlighted the plan for the Hunger Games Society which 
has been in my books for so many years with the very few 
controlling the very many through ongoing dependency. To create 
this dependency it is essential to destroy independent livelihoods, 
businesses and employment to make the population reliant on the 
state (the Cult) for even the basics of life through a guaranteed 
pittance income. While independence of income remained these Cult 
ambitions would be thwarted. With this knowledge it was easy to 
see where the ‘pandemic’ hoax was going once talk of ‘lockdowns’ 
began and the closing of all but perceived ‘essential’ businesses to 
‘save’ us from an alleged ‘deadly virus’. Cult corporations like 
Amazon and Walmart were naturally considered ‘essential’ while 
mom and pop shops and stores had their doors closed by fascist 
decree. As a result with every new lockdown and new regulation 
more small and medium, even large businesses not owned by the 
Cult, went to the wall while Cult giants and their frontmen and 
women grew financially fatter by the second. Mom and pop were 


denied an income and the right to earn a living and the wealth of 
people like Jeff Bezos (Amazon), Mark Zuckerberg (Facebook) and 
Sergei Brin and Larry Page (Google/Alphabet) have reached record 
levels. The Cult was increasing its own power through further 
dramatic concentrations of wealth while the competition was being 
destroyed and brought into a state of dependency. Lockdowns have 
been instigated to secure that very end and were never anything to 
do with health. My brother Paul spent 45 years building up a bus 
repair business, but lockdowns meant buses were running at a 
fraction of normal levels for months on end. Similar stories can told 
in their hundreds of millions worldwide. Efforts of a lifetime coldly 
destroyed by Cult multi-billionaires and their lackeys in government 
and law enforcement who continued to earn their living from the 
taxation of the people while denying the right of the same people to 
earn theirs. How different it would have been if those making and 
enforcing these decisions had to face the same financial hardships of 
those they affected, but they never do. 


Behind it all in the full knowledge of what he is doing and why is 
the psychopathic figure of Cult operative Bill Gates. His puppet 
Tedros at the World Health Organization declared ‘Covid’ a 
pandemic in March, 2020. The WHO had changed the definition of a 
‘pandemic’ in 2009 just a month before declaring the ‘swine flu 
pandemic’ which would not have been so under the previous 
definition. The same applies to ‘Covid’. The definition had 
included... ‘an infection by an infectious agent, occurring 
simultaneously in different countries, with a significant mortality 
rate relative to the proportion of the population infected’. The new 
definition removed the need for ‘significant mortality’. The 
‘pandemic’ has been fraudulent even down to the definition, but 
Gates demanded economy-destroying lockdowns, school closures, 
social distancing, mandatory masks, a ‘vaccination’ for every man, 
woman and child on the planet and severe consequences and 
restrictions for those that refused. Who gave him this power? The 


Cult did which he serves like a little boy in short trousers doing 
what his daddy tells him. He and his psychopathic missus even 
smiled when they said that much worse was to come (what they 
knew was planned to come). Gates responded in the matter-of-fact 
way of all psychopaths to a question about the effect on the world 
economy of what he was doing: 


Well, it won’t go to zero but it will shrink. Global GDP is probably going to take the biggest 
hit ever [Gates was smiling as he said this] ... in my lifetime this will be the greatest economic 
hit. But you don’t have a choice. People act as if you have a choice. People don’t feel like 
going to the stadium when they might get infected ... People are deeply affected by seeing 
these stats, by knowing they could be part of the transmission chain, old people, their parents 
and grandparents, could be affected by this, and so you don’t get to say ignore what is going 
on here. 


There will be the ability to open up, particularly in rich countries, if things are done well over 
the next few months, but for the world at large normalcy only returns when we have largely 
vaccinated the entire population. 


The man has no compassion or empathy. How could he when he’s 
a psychopath like all Cult players? My own view is that even beyond 
that he is very seriously mentally ill. Look in his eyes and you can 
see this along with his crazy flailing arms. You don’t do what he has 
done to the world population since the start of 2020 unless you are 
mentally ill and at the most extreme end of psychopathic. You 
especially don’t do it when to you know, as we shall see, that cases 
and deaths from ‘Covid’ are fakery and a product of monumental 
figure massaging. ‘These stats’ that Gates referred to are based on a 
‘test’ that’s not testing for the ‘virus’ as he has known all along. He 
made his fortune with big Cult support as an infamously ruthless 
software salesman and now buys global control of ‘health’ (death) 
policy without the population he affects having any say. It’s a 
breathtaking outrage. Gates talked about people being deeply 
affected by fear of ‘Covid’ when that was because of him and his 
global network lying to them minute-by-minute supported by a 
lying media that he seriously influences and funds to the tune of 
hundreds of millions. He’s handed big sums to media operations 
including the BBC, NBC, Al Jazeera, Univision, PBS NewsHour, 


ProPublica, National Journal, The Guardian, The Financial Times, The 
Atlantic, Texas Tribune, USA Today publisher Gannett, Washington 
Monthly, Le Monde, Center for Investigative Reporting, Pulitzer 
Center on Crisis Reporting, National Press Foundation, International 
Center for Journalists, Solutions Journalism Network, the Poynter 
Institute for Media Studies, and many more. Gates is everywhere in 
the ‘Covid’ hoax and the man must go to prison — or a mental facility 
— for the rest of his life and his money distributed to those he has 
taken such enormous psychopathic pleasure in crushing. 


The Muscle 

The Hunger Games global structure demands a police-military state 
— a fusion of the two into one force — which viciously imposes the 
will of the Cult on the population and protects the Cult from public 
rebellion. In that regard, too, the ‘Covid’ hoax just keeps on giving. 
Often unlawful, ridiculous and contradictory ‘Covid’ rules and 
regulations have been policed across the world by moronic 
automatons and psychopaths made faceless by face-nappy masks 
and acting like the Nazi SS and fascist blackshirts and brownshirts of 
Hitler and Mussolini. The smallest departure from the rules decreed 
by the psychos in government and their clueless gofers were jumped 
upon by the face-nappy fascists. Brutality against public protestors 
soon became commonplace even on girls, women and old people as 
the brave men with the batons — the Face-Nappies as I call them — 
broke up peaceful protests and handed out fines like confetti to 
people who couldn’t earn a living let alone pay hundreds of pounds 
for what was once an accepted human right. Robot Face-Nappies of 
Nottingham police in the English East Midlands fined one group 
£11,000 for attending a child’s birthday party. For decades I charted 
the transformation of law enforcement as genuine, decent officers 
were replaced with psychopaths and the brain dead who would 
happily and brutally do whatever their masters told them. Now they 
were let loose on the public and I would emphasise the point that 
none of this just happened. The step-by-step change in the dynamic 
between police and public was orchestrated from the shadows by 


those who knew where this was all going and the same with the 
perceptual reframing of those in all levels of authority and official 
administration through ‘training courses’ by organisations such as 
Common Purpose which was created in the late 1980s and given a 
massive boost in Blair era Britain until it became a global 
phenomenon. Supposed public ‘servants’ began to view the 
population as the enemy and the same was true of the police. This 
was the start of the explosion of behaviour manipulation 
organisations and networks preparing for the all-war on the human 
psyche unleashed with the dawn of 2020. I will go into more detail 
about this later in the book because it is a core part of what is 
happening. 

Police desecrated beauty spots to deter people gathering and 
arrested women for walking in the countryside alone ‘too far’ from 
their homes. We had arrogant, clueless sergeants in the Isle of Wight 
police where I live posting on Facebook what they insisted the 
population must do or else. A schoolmaster sergeant called Radford 
looked young enough for me to ask if his mother knew he was out, 
but he was posting what he expected people to do while a Sergeant 
Wilkinson boasted about fining lads for meeting in a McDonald’s car 
park where they went to get a lockdown takeaway. Wilkinson added 
that he had even cancelled their order. What a pair of prats these 
people are and yet they have increasingly become the norm among 
Jackboot Johnson’s Yellowshirts once known as the British police. 
This was the theme all over the world with police savagery common 
during lockdown protests in the United States, the Netherlands, and 
the fascist state of Victoria in Australia under its tyrannical and 
again moronic premier Daniel Andrews. Amazing how tyrannical 
and moronic tend to work as a team and the same combination 
could be seen across America as arrogant, narcissistic Woke 
governors and mayors such as Gavin Newsom (California), Andrew 
Cuomo (New York), Gretchen Whitmer (Michigan), Lori Lightfoot 
(Chicago) and Eric Garcetti (Los Angeles) did their Nazi and Stalin 
impressions with the full support of the compliant brutality of their 
enforcers in uniform as they arrested small business owners defying 


fascist shutdown orders and took them to jail in ankle shackles and 
handcuffs. This happened to bistro owner Marlena Pavlos-Hackney 
in Gretchen Whitmer’s fascist state of Michigan when police arrived 
to enforce an order by a state-owned judge for ‘putting the 
community at risk’ at a time when other states like Texas were 
dropping restrictions and migrants were pouring across the 
southern border without any ‘Covid’ questions at all. I’m sure there 
are many officers appalled by what they are ordered to do, but not 
nearly enough of them. If they were truly appalled they would not 
do it. As the months passed every opportunity was taken to have the 
military involved to make their presence on the streets ever more 
familiar and ‘normal’ for the longer-term goal of police-military 
fusion. 

Another crucial element to the Hunger Games enforcement 
network has been encouraging the public to report neighbours and 
others for ‘breaking the lockdown rules’. The group faced with 
£11,000 in fines at the child’s birthday party would have been 
dobbed-in by a neighbour with a brain the size of a pea. The 
technique was most famously employed by the Stasi secret police in 
communist East Germany who had public informants placed 
throughout the population. A police chief in the UK says his force 
doesn’t need to carry out ‘Covid’ patrols when they are flooded with 
so many calls from the public reporting other people for visiting the 
beach. Dorset police chief James Vaughan said people were so 
enthusiastic about snitching on their fellow humans they were now 
operating as an auxiliary arm of the police: ‘We are still getting 
around 400 reports a week from the public, so we will respond to 
reports ...We won't need to be doing hotspot patrols because people 
are very quick to pick the phone up and tell us.’ Vaughan didn’t say 
that this is a pillar of all tyrannies of whatever complexion and the 
means to hugely extend the reach of enforcement while spreading 
distrust among the people and making them wary of doing anything 
that might get them reported. Those narcissistic Isle of Wight 
sergeants Radford and Wilkinson never fail to add a link to their 
Facebook posts where the public can inform on their fellow slaves. 


Neither would be self-aware enough to realise they were imitating 
the Stasi which they might well never have heard of. Government 
psychologists that I will expose later laid out a policy to turn 
communities against each other in the same way. 


A coincidence? Yep, and | can knit fog 

I knew from the start of the alleged pandemic that this was a Cult 
operation. It presented limitless potential to rapidly advance the Cult 
agenda and exploit manipulated fear to demand that every man, 
woman and child on the planet was ‘vaccinated’ in a process never 
used on humans before which infuses self-replicating synthetic 
material into human cells. Remember the plan to transform the 
human body from a biological to a synthetic biological state. I’ll deal 
with the ‘vaccine’ (that’s not actually a vaccine) when I focus on the 
genetic agenda. Enough to say here that mass global ‘vaccination’ 
justified by this ‘new virus’ set alarms ringing after 30 years of 
tracking these people and their methods. The ‘Covid’ hoax officially 
beginning in China was also a big red flag for reasons I will be 
explaining. The agenda potential was so enormous that I could 
dismiss any idea that the ‘virus’ appeared naturally. Major 
happenings with major agenda implications never occur without 
Cult involvement in making them happen. My questions were 
twofold in early 2020 as the media began its campaign to induce 
global fear and hysteria: Was this alleged infectious agent released 
on purpose by the Cult or did it even exist at all? I then did what I 
always do in these situations. I sat, observed and waited to see 
where the evidence and information would take me. By March and 
early April synchronicity was strongly — and ever more so since then 
— pointing me in the direction of there is no ‘virus’. 1 went public on 
that with derision even from swathes of the alternative media that 
voiced a scenario that the Chinese government released the ‘virus’ in 
league with Deep State elements in the United States from a top- 
level bio-lab in Wuhan where the ‘virus’ is said to have first 
appeared. I looked at that possibility, but I didn’t buy it for several 
reasons. Deaths from the ‘virus’ did not in any way match what they 


would have been with a ‘deadly bioweapon’ and it is much more 
effective if you sell the illusion of an infectious agent rather than 
having a real one unless you can control through injection who has it 
and who doesn’t. Otherwise you lose control of events. A made-up 
‘virus’ gives you a blank sheet of paper on which you can make it do 
whatever you like and have any symptoms or mutant ‘variants’ you 
choose to add while a real infectious agent would limit you to what 
it actually does. A phantom disease allows you to have endless 
ludicrous ‘studies’ on the ‘Covid’ dollar to widen the perceived 
impact by inventing ever more ‘at risk’ groups including one study 
which said those who walk slowly may be almost four times more 
likely to die from the ‘virus’. People are in psychiatric wards for less. 


A real ‘deadly bioweapon’ can take out people in the hierarchy 
that are not part of the Cult, but essential to its operation. Obviously 
they don’t want that. Releasing a real disease means you 
immediately lose control of it. Releasing an illusory one means you 
don’t. Again it’s vital that people are extra careful when dealing with 
what they want to hear. A bioweapon unleashed from a Chinese 
laboratory in collusion with the American Deep State may fit a 
conspiracy narrative, but is it true? Would it not be far more effective 
to use the excuse of a ‘virus’ to justify the real bioweapon — the 
‘vaccine’? That way your disease agent does not have to be 
transmitted and arrives directly through a syringe. I saw a French 
virologist Luc Montagnier quoted in the alternative media as saying 
he had discovered that the alleged ‘new’ severe acute respiratory 
syndrome coronavirus , or SARS-CoV-2, was made artificially and 
included elements of the human immunodeficiency ‘virus’ (HIV) 
and a parasite that causes malaria. SARS-CoV-2 is alleged to trigger 
an alleged illness called Covid-19. I remembered Montagnier’s name 
from my research years before into claims that an HIV ‘retrovirus’ 
causes AIDs — claims that were demolished by Berkeley virologist 
Peter Duesberg who showed that no one had ever proved that HIV 
causes acquired immunodeficiency syndrome or AIDS. Claims that 
become accepted as fact, publicly and medically, with no proof 
whatsoever are an ever-recurring story that profoundly applies to 


‘Covid’. Nevertheless, despite the lack of proof, Montagnier’s team 
at the Pasteur Institute in Paris had a long dispute with American 
researcher Robert Gallo over which of them discovered and isolated 
the HIV ‘virus’ and with no evidence found it to cause AIDS. You will 
see later that there is also no evidence that any ‘virus’ causes any 
disease or that there is even such a thing as a ‘virus’ in the way it is 
said to exist. The claim to have ‘isolated’ the HIV ‘virus’ will be 
presented in its real context as we come to the shocking story — and 
it is a story — of SARS-CoV-2 and so will Montagnier’s assertion that 
he identified the full SARS-CoV-2 genome. 


Hoax in the making 

We can pick up the ‘Covid’ story in 2010 and the publication by the 
Rockefeller Foundation of a document called ‘Scenarios for the 
Future of Technology and International Development’. The inner 
circle of the Rockefeller family has been serving the Cult since John 
D. Rockefeller (1839-1937) made his fortune with Standard Oil. It is 
less well known that the same Rockefeller — the Bill Gates of his day 
— was responsible for establishing what is now referred to as ‘Big 
Pharma’, the global network of pharmaceutical companies that make 
outrageous profits dispensing scalpel and drug ‘medicine’ and are 
obsessed with pumping vaccines in ever-increasing number into as 
many human arms and backsides as possible. John D. Rockefeller 
was the driving force behind the creation of the ‘education’ system 
in the United States and elsewhere specifically designed to program 
the perceptions of generations thereafter. The Rockefeller family 
donated exceptionally valuable land in New York for the United 
Nations building and were central in establishing the World Health 
Organization in 1948 as an agency of the UN which was created 
from the start as a Trojan horse and stalking horse for world 
government. Now enter Bill Gates. His family and the Rockefellers 
have long been extremely close and I have seen genealogy which 
claims that if you go back far enough the two families fuse into the 
same bloodline. Gates has said that the Bill and Melinda Gates 
Foundation was inspired by the Rockefeller Foundation and why not 


when both are serving the same Cult? Major tax-exempt foundations 
are overwhelmingly criminal enterprises in which Cult assets fund 
the Cult agenda in the guise of ‘philanthropy’ while avoiding tax in 
the process. Cult operatives can become mega-rich in their role of 
front men and women for the psychopaths at the inner core and 
they, too, have to be psychopaths to knowingly serve such evil. Part 
of the deal is that a big percentage of the wealth gleaned from 
representing the Cult has to be spent advancing the ambitions of the 
Cult and hence you have the Rockefeller Foundation, Bill and 
Melinda Gates Foundation (and so many more) and people like 
George Soros with his global Open Society Foundations spending 
their billions in pursuit of global Cult control. Gates is a global 
public face of the Cult with his interventions in world affairs 
including Big Tech influence; a central role in the ‘Covid’ and 
‘vaccine’ scam; promotion of the climate change shakedown; 
manipulation of education; geoengineering of the skies; and his 
food-control agenda as the biggest owner of farmland in America, 
his GMO promotion and through other means. As one writer said: 
‘Gates monopolizes or wields disproportionate influence over the 
tech industry, global health and vaccines, agriculture and food policy 
(including biopiracy and fake food), weather modification and other 
climate technologies, surveillance, education and media.’ The almost 
limitless wealth secured through Microsoft and other not-allowed- 
to-fail ventures (including vaccines) has been ploughed into a long, 
long list of Cult projects designed to enslave the entire human race. 
Gates and the Rockefellers have been working as one unit with the 
Rockefeller-established World Health Organization leading global 
‘Covid’ policy controlled by Gates through his mouth-piece Tedros. 
Gates became the WHO’s biggest funder when Trump announced 
that the American government would cease its donations, but Biden 
immediately said he would restore the money when he took office in 
January, 2021. The Gates Foundation (the Cult) owns through 
limitless funding the world health system and the major players 
across the globe in the ‘Covid’ hoax. 


Okay, with that background we return to that Rockefeller 
Foundation document of 2010 headed ‘Scenarios for the Future of 
Technology and International Development’ and its ‘imaginary’ 
epidemic of a virulent and deadly influenza strain which infected 20 
percent of the global population and killed eight million in seven 
months. The Rockefeller scenario was that the epidemic destroyed 
economies, closed shops, offices and other businesses and led to 
governments imposing fierce rules and restrictions that included 
mandatory wearing of face masks and body-temperature checks to 
enter communal spaces like railway stations and supermarkets. The 
document predicted that even after the height of the Rockefeller- 
envisaged epidemic the authoritarian rule would continue to deal 
with further pandemics, transnational terrorism, environmental 
crises and rising poverty. Now you may think that the Rockefellers 
are our modern-day seers or alternatively, and rather more likely, 
that they well knew what was planned a few years further on. 
Fascism had to be imposed, you see, to ‘protect citizens from risk 
and exposure’. The Rockefeller scenario document said: 


During the pandemic, national leaders around the world flexed their authority and imposed 
airtight rules and restrictions, from the mandatory wearing of face masks to body-temperature 
checks at the entries to communal spaces like train stations and supermarkets. Even after the 
pandemic faded, this more authoritarian control and oversight of citizens and their activities 
stuck and even intensified. In order to protect themselves from the spread of increasingly 
global problems — from pandemics and transnational terrorism to environmental crises and 
rising poverty — leaders around the world took a firmer grip on power. 


At first, the notion of a more controlled world gained wide acceptance and approval. Citizens 
willingly gave up some of their sovereignty — and their privacy — to more paternalistic states in 
exchange for greater safety and stability. Citizens were more tolerant, and even eager, for top- 
down direction and oversight, and national leaders had more latitude to impose order in the 
ways they saw fit. 


In developed countries, this heightened oversight took many forms: biometric IDs for all 
citizens, for example, and tighter regulation of key industries whose stability was deemed vital 
to national interests. In many developed countries, enforced cooperation with a suite of new 
regulations and agreements slowly but steadily restored both order and, importantly, 
economic growth. 


There we have the prophetic Rockefellers in 2010 and three years 
later came their paper for the Global Health Summit in Beijing, 
China, when government representatives, the private sector, 
international organisations and groups met to discuss the next 100 
years of ‘global health’. The Rockefeller Foundation-funded paper 
was called ‘Dreaming the Future of Health for the Next 100 Years 
and more prophecy ensued as it described a dystopian future: ‘The 
abundance of data, digitally tracking and linking people may mean 
the ‘death of privacy’ and may replace physical interaction with 
transient, virtual connection, generating isolation and raising 
questions of how values are shaped in virtual networks.’ Next in the 
‘Covid’ hoax preparation sequence came a ‘table top’ simulation in 
2018 for another ‘imaginary’ pandemic of a disease called Clade X 
which was said to kill 900 million people. The exercise was 
organised by the Gates-funded Johns Hopkins University’s Center 
for Health Security in the United States and this is the very same 
university that has been compiling the disgustingly and 
systematically erroneous global figures for ‘Covid’ cases and deaths. 
Similar Johns Hopkins health crisis scenarios have included the Dark 
Winter exercise in 2001 and Atlantic Storm in 2005. 


Nostradamus 201 

For sheer predictive genius look no further prophecy-watchers than 
the Bill Gates-funded Event 201 held only six weeks before the 
‘coronavirus pandemic’ is supposed to have broken out in China 
and Event 201 was based on a scenario of a global ‘coronavirus 
pandemic’. Melinda Gates, the great man’s missus, told the BBC that 
he had ‘prepared for years’ for a coronavirus pandemic which told 
us what we already knew. Nostradamugates had predicted in a TED 
talk in 2015 that a pandemic was coming that would kill a lot of 
people and demolish the world economy. My god, the man is a 
machine — possibly even literally. Now here he was only weeks 
before the real thing funding just such a simulated scenario and 
involving his friends and associates at Johns Hopkins, the World 
Economic Forum Cult-front of Klaus Schwab, the United Nations, 


Johnson & Johnson, major banks, and officials from China and the 
Centers for Disease Control in the United States. What synchronicity 
— Johns Hopkins would go on to compile the fraudulent ‘Covid’ 
figures, the World Economic Forum and Schwab would push the 
‘Great Reset’ in response to ‘Covid’, the Centers for Disease Control 
would be at the forefront of “Covid’ policy in the United States, 
Johnson & Johnson would produce a ‘Covid vaccine’, and 
everything would officially start just weeks later in China. Spooky, 
eh? They were even accurate in creating a simulation of a ‘virus’ 
pandemic because the ‘real thing’ would also be a simulation. Event 
201 was not an exercise preparing for something that might happen; 
it was a rehearsal for what those in control knew was going to 
happen and very shortly. Hours of this simulation were posted on 
the Internet and the various themes and responses mirrored what 
would soon be imposed to transform human society. News stories 
were inserted and what they said would be commonplace a few 
weeks later with still more prophecy perfection. Much discussion 
focused on the need to deal with misinformation and the ‘anti-vax 
movement’ which is exactly what happened when the ‘virus’ arrived 
— was Said to have arrived — in the West. 

Cult-owned social media banned criticism and exposure of the 
official ‘virus’ narrative and when I said there was no ‘virus’ in early 
April, 2020, I was banned by one platform after another including 
YouTube, Facebook and later Twitter. The mainstream broadcast 
media in Britain was in effect banned from interviewing me by the 
Tony-Blair-created government broadcasting censor Ofcom headed 
by career government bureaucrat Melanie Dawes who was 
appointed just as the ‘virus’ hoax was about to play out in January, 
2020. At the same time the Ickonic media platform was using Vimeo, 
another ultra-Zionist-owned operation, while our own player was 
being created and they deleted in an instant hundreds of videos, 
documentaries, series and shows to confirm their unbelievable 
vindictiveness. We had copies, of course, and they had to be restored 
one by one when our player was ready. These people have no class. 
Sabbatian Facebook promised free advertisements for the Gates- 


controlled World Health Organization narrative while deleting ‘false 
claims and conspiracy theories’ to stop ‘misinformation’ about the 
alleged coronavirus. All these responses could be seen just a short 
while earlier in the scenarios of Event 201. Extreme censorship was 
absolutely crucial for the Cult because the official story was so 
ridiculous and unsupportable by the evidence that it could never 
survive open debate and the free-flow of information and opinion. If 
you can’t win a debate then don’t have one is the Cult’s approach 
throughout history. Facebook’s little boy front man — front boy — 
Mark Zuckerberg equated ‘credible and accurate information’ with 
official sources and exposing their lies with ‘misinformation’. 


Silencing those that can see 

The censorship dynamic of Event 201 is now the norm with an army 
of narrative-supporting ‘fact-checker’ organisations whose entire 
reason for being is to tell the public that official narratives are true 
and those exposing them are lying. One of the most appalling of 
these ‘fact-checkers’ is called NewsGuard founded by ultra-Zionist 
Americans Gordon Crovitz and Steven Brill. Crovitz is a former 
publisher of The Wall Street Journal, former Executive Vice President 
of Dow Jones, a member of the Council on Foreign Relations (CFR), 
and on the board of the American Association of Rhodes Scholars. 
The CFR and Rhodes Scholarships, named after Rothschild agent 
Cecil Rhodes who plundered the gold and diamonds of South Africa 
for his masters and the Cult, have featured widely in my books. 
NewsGuard don’t seem to like me for some reason — I really can’t 
think why — and they have done all they can to have me censored 
and discredited which is, to quote an old British politician, like being 
savaged by a dead sheep. They are, however, like all in the 
censorship network, very well connected and funded by 
organisations themselves funded by, or connected to, Bill Gates. As 
you would expect with anything associated with Gates NewsGuard 
has an offshoot called HealthGuard which ‘fights online health care 
hoaxes’. How very kind. Somehow the NewsGuard European 
Managing Director Anna-Sophie Harling, a remarkably young- 


looking woman with no broadcasting experience and little hands-on 
work in journalism, has somehow secured a position on the ‘Content 
Board’ of UK government broadcast censor Ofcom. An executive of 
an organisation seeking to discredit dissidents of the official 
narratives is making decisions for the government broadcast 
‘regulator’ about content?? Another appalling ‘fact-checker’ is Full 
Fact funded by George Soros and global censors Google and 
Facebook. 


It’s amazing how many activists in the ‘fact-checking’, ‘anti-hate’, 
arena turn up in government-related positions — people like UK 
Labour Party activist Imran Ahmed who heads the Center for 
Countering Digital Hate founded by people like Morgan 
McSweeney, now chief of staff to the Labour Party’s hapless and 
useless ‘leader’ Keir Starmer. Digital Hate — which is what it really is 
— uses the American spelling of Center to betray its connection to a 
transatlantic network of similar organisations which in 2020 
shapeshifted from attacking people for ‘hate’ to attacking them for 
questioning the ‘Covid’ hoax and the dangers of the ‘Covid vaccine’. 
It’s just a coincidence, you understand. This is one of Imran Ahmed’s 
hysterical statements: ‘I would go beyond calling anti-vaxxers 
conspiracy theorists to say they are an extremist group that pose a 
national security risk.’ No one could ever accuse this prat of 
understatement and he’s including in that those parents who are 
now against vaccines after their children were damaged for life or 
killed by them. He’s such a nice man. Ahmed does the rounds of the 
Woke media getting soft-ball questions from spineless ‘journalists’ 
who never ask what right he has to campaign to destroy the freedom 
of speech of others while he demands it for himself. There also 
seems to be an overrepresentation in Ofcom of people connected to 
the narrative-worshipping BBC. This incredible global network of 
narrative-support was super-vital when the ‘Covid’ hoax was played 
in the light of the mega-whopper lies that have to be defended from 
the spotlight cast by the most basic intelligence. 


The Cult plays the long game and proceeds step-by-step ensuring 
that everything is in place before major cards are played and they 
don’t come any bigger than the ‘Covid’ hoax. The psychopaths can’t 
handle events where the outcome isn’t certain and as little as 
possible — preferably nothing — is left to chance. Politicians, 
government and medical officials who would follow direction were 
brought to illusory power in advance by the Cult web whether on 
the national stage or others like state governors and mayors of 
America. For decades the dynamic between officialdom, law 
enforcement and the public was changed from one of service to one 
of control and dictatorship. Behaviour manipulation networks 
established within government were waiting to impose the coming 
‘Covid’ rules and regulations specifically designed to subdue and 
rewire the psyche of the people in the guise of protecting health. 
These included in the UK the Behavioural Insights Team part-owned 
by the British government Cabinet Office; the Scientific Pandemic 
Insights Group on Behaviours (SPI-B); and a whole web of 
intelligence and military groups seeking to direct the conversation 
on social media and control the narrative. Among them are the 
cyberwarfare (on the people) 77th Brigade of the British military 
which is also coordinated through the Cabinet Office as civilian and 
military leadership continues to combine in what they call the 
Fusion Doctrine. The 77th Brigade is a British equivalent of the 
infamous Israeli (Sabbatian) military cyberwarfare and Internet 
manipulation operation Unit 8200 which I expose at length in The 
Trigger. Also carefully in place were the medical and science advisers 
to government — many on the payroll past or present of Bill Gates — 
and a whole alternative structure of unelected government stood by 
to take control when elected parliaments were effectively closed 
down once the ‘Covid’ card was slammed on the table. The structure 
I have described here and so much more was installed in every 
major country through the Cult networks. The top-down control 
hierarchy looks like this: The Cult — Cult-owned Gates — the World 
Health Organization and Tedros — Gates-funded or controlled chief 
medical officers and science ‘advisers’ (dictators) in each country — 


political ‘leaders’— law enforcement — The People. Through this 
simple global communication and enforcement structure the policy 
of the Cult could be imposed on virtually the entire human 
population so long as they acquiesced to the fascism. With 
everything in place it was time for the button to be pressed in late 
2019/early 2020. 


These were the prime goals the Cult had to secure for its will to 
prevail: 


1) Locking down economies, closing all but designated ‘essential’ businesses (Cult-owned 
corporations were ‘essential’), and putting the population under house arrest was an 
imperative to destroy independent income and employment and ensure dependency on the 
Cult-controlled state in the Hunger Games Society. Lockdowns had to be established as the 
global blueprint from the start to respond to the ‘virus’ and followed by pretty much the 
entire world. 


2) The global population had to be terrified into believing in a deadly ‘virus’ that didn’t 
actually exist so they would unquestioningly obey authority in the belief that authority 
must know how best to protect them and their families. Software salesman Gates would 
suddenly morph into the world’s health expert and be promoted as such by the Cult-owned 
media. 


3) A method of testing that wasn’t testing for the ‘virus’, but was only claimed to be, had to 
be in place to provide the illusion of ‘cases’ and subsequent ‘deaths’ that had a very 
different cause to the ‘Covid-19’ that would be scribbled on the death certificate. 


4) Because there was no ‘virus’ and the great majority testing positive with a test not testing 
for the ‘virus’ would have no symptoms of anything the lie had to be sold that people 
without symptoms (without the ‘virus’) could still pass it on to others. This was crucial to 
justify for the first time quarantining — house arresting — healthy people. Without this the 
economy-destroying lockdown of everybody could not have been credibly sold. 


5) The ‘saviour’ had to be seen as a vaccine which beyond evil drug companies were 
working like angels of mercy to develop as quickly as possible, with all corners cut, to save 
the day. The public must absolutely not know that the ‘vaccine’ had nothing to do with a 
‘virus’ or that the contents were ready and waiting with a very different motive long before 
the ‘Covid’ card was even lifted from the pack. 


I said in March, 2020, that the ‘vaccine’ would have been created 
way ahead of the ‘Covid’ hoax which justified its use and the 
following December an article in the New York Intelligencer 
magazine said the Moderna ‘vaccine’ had been ‘designed’ by 


January, 2020. This was ‘before China had even acknowledged that 
the disease could be transmitted from human to human, more than a 
week before the first confirmed coronavirus case in the United 
States’. The article said that by the time the first American death was 
announced a month later ‘the vaccine had already been 
manufactured and shipped to the National Institutes of Health for 
the beginning of its Phase I clinical trial’. The ‘vaccine’ was actually 
‘designed’ long before that although even with this timescale you 
would expect the article to ask how on earth it could have been done 
that quickly. Instead it asked why the ‘vaccine’ had not been rolled 
out then and not months later. Journalism in the mainstream is truly 
dead. I am going to detail in the next chapter why the ‘virus’ has 
never existed and how a hoax on that scale was possible, but first the 
foundation on which the Big Lie of ‘Covid’ was built. 


The test that doesn't test 


Fraudulent ‘testing’ is the bottom line of the whole ‘Covid’ hoax and 
was the means by which a ‘virus’ that did not exist appeared to exist. 
They could only achieve this magic trick by using a test not testing 
for the ‘virus’. To use a test that was testing for the ‘virus’ would 
mean that every test would come back negative given there was no 
‘virus’. They chose to exploit something called the RT-PCR test 
invented by American biochemist Kary Mullis in the 1980s who said 
publicly that his PCR test ... cannot detect infectious disease. Yes, the 
‘test’ used worldwide to detect infectious ‘Covid’ to produce all the 
illusory ‘cases’ and ‘deaths’ compiled by Johns Hopkins and others 
cannot detect infectious disease. This fact came from the mouth of the 
man who invented PCR and was awarded the Nobel Prize in 
Chemistry in 1993 for doing so. Sadly, and incredibly conveniently 
for the Cult, Mullis died in August, 2019, at the age of 74 just before 
his test would be fraudulently used to unleash fascism on the world. 
He was said to have died from pneumonia which was an irony in 
itself. A few months later he would have had ‘Covid-19’ on his death 
certificate. I say the timing of his death was convenient because had 
he lived Mullis, a brilliant, honest and decent man, would have been 


vociferously speaking out against the use of his test to detect “Covid’ 
when it was never designed, or able, to do that. I know that to be 
true given that Mullis made the same point when his test was used 
to ‘detect’ — not detect — HIV. He had been seriously critical of the 
Gallo/Montagnier claim to have isolated the HIV ‘virus’ and shown 
it to cause AIDS for which Mullis said there was no evidence. AIDS 
is actually not a disease but a series of diseases from which people 
die all the time. When they die from those same diseases after a 
positive ‘test’ for HIV then AIDS goes on their death certificate. I 
think I’ve heard that before somewhere. Countries instigated a 
policy with ‘Covid’ that anyone who tested positive with a test not 
testing for the ‘virus’ and died of any other cause within 28 days and 
even longer ‘Covid-19 had to go on the death certificate. Cases have 
come from the test that can’t test for infectious disease and the 
deaths are those who have died of anything after testing positive 
with a test not testing for the ‘virus’. I’Il have much more later about 
the death certificate scandal. 


Mullis was deeply dismissive of the now US ‘Covid’ star Anthony 
Fauci who he said was a liar who didn’t know anything about 
anything — ‘and I would say that to his face — nothing.’ He said of 
Fauci: ‘The man thinks he can take a blood sample, put it in an 
electron microscope and if it’s got a virus in there you'll know it — he 
doesn’t understand electron microscopy and he doesn’t understand 
medicine and shouldn’t be in a position like he’s in.’ That position, 
terrifyingly, has made him the decider of “Covid’ fascism policy on 
behalf of the Cult in his role as director since 1984 of the National 
Institute of Allergy and Infectious Diseases (NIAID) while his record 
of being wrong is laughable; but being wrong, so long as it’s the right 
kind of wrong, is why the Cult loves him. He’ll say anything the Cult 
tells him to say. Fauci was made Chief Medical Adviser to the 
President immediately Biden took office. Biden was installed in the 
White House by Cult manipulation and one of his first decisions was 
to elevate Fauci to a position of even more control. This is a 
coincidence? Yes, and I identify as a flamenco dancer called Lola. 
How does such an incompetent criminal like Fauci remain in that 


pivotal position in American health since the 1980s? When you serve 
the Cult it looks after you until you are surplus to requirements. 
Kary Mullis said prophetically of Fauci and his like: “Those guys 
have an agenda and it’s not an agenda we would like them to have 
... they make their own rules, they change them when they want to, 
and Tony Fauci does not mind going on television in front of the 
people who pay his salary and lie directly into the camera.’ Fauci has 
done that almost daily since the ‘Covid’ hoax began. Lying is in 
Fauci’s DNA. To make the situation crystal clear about the PCR test 
this is a direct quote from its inventor Kary Mullis: 


It [the PCR test] doesn’t tell you that you’re sick and doesn’t tell you that the thing you ended 
up with was really going to hurt you ...’ 


Ask yourself why governments and medical systems the world over 
have been using this very test to decide who is ‘infected’ with the 
SARS-CoV-2 ‘virus’ and the alleged disease it allegedly causes, 
‘Covid-19’. The answer to that question will tell you what has been 
going on. By the way, here’s a little show-stopper — the ‘new’ SARS- 
CoV-2 ‘virus’ was ‘identified’ as such right from the start using ... the 
PCR test not testing for the ‘virus’. If you are new to this and find that 
shocking then stick around. I have hardly started yet. Even worse, 
other ‘tests’, like the ‘Lateral Flow Device’ (LFD), are considered so 
useless that they have to be confirmed by the PCR test! Leaked emails 
written by Ben Dyson, adviser to UK ‘Health’ Secretary Matt 
Hancock, said they were ‘dangerously unreliable’. Dyson, executive 
director of strategy at the Department of Health, wrote: ‘As of today, 
someone who gets a positive LFD result in (say) London has at best a 
25 per cent chance of it being a true positive, but if it is a self- 
reported test potentially as low as 10 per cent (on an optimistic 
assumption about specificity) or as low as 2 per cent (on a more 
pessimistic assumption).’ These are the ‘tests’ that schoolchildren 
and the public are being urged to have twice a week or more and 
have to isolate if they get a positive. Each fake positive goes in the 
statistics as a ‘case’ no matter how ludicrously inaccurate and the 


‘cases’ drive lockdown, masks and the pressure to ‘vaccinate’. The 
government said in response to the email leak that the ‘tests’ were 
accurate which confirmed yet again what shocking bloody liars they 
are. The real false positive rate is 100 percent as we’ll see. In another 
‘you couldn’t make it up’ the UK government agreed to pay £2.8 
billion to California’s Innova Medical Group to supply the irrelevant 
lateral flow tests. The company’s primary test-making centre is in 
China. Innova Medical Group, established in March, 2020, is owned 
by Pasaca Capital Inc, chaired by Chinese-American millionaire 
Charles Huang who was born in Wuhan. 


How it works — and how it doesn't 

The RT-PCR test, known by its full title of Polymerase chain reaction, 
is used across the world to make millions, even billions, of copies of 
a DNA/RNA genetic information sample. The process is called 
‘amplification’ and means that a tiny sample of genetic material is 
amplified to bring out the detailed content. I stress that it is not 
testing for an infectious disease. It is simply amplifying a sample of 
genetic material. In the words of Kary Mullis: ‘PCR is ... just a 
process that’s used to make a whole lot of something out of 
something.’ To emphasise the point companies that make the PCR 
tests circulated around the world to ‘test’ for ‘Covid’ warn on the 
box that it can’t be used to detect ‘Covid’ or infectious disease and is 
for research purposes only. It’s okay, rest for a minute and you'll be 
fine. This is the test that produces the ‘cases’ and ‘deaths’ that have 
been used to destroy human society. All those global and national 
medical and scientific ‘experts’ demanding this destruction to ‘save 
us’ KNOW that the test is not testing for the ‘virus’ and the cases and 
deaths they claim to be real are an almost unimaginable fraud. Every 
one of them and so many others including politicians and 
psychopaths like Gates and Tedros must be brought before 
Nuremburg-type trials and jailed for the rest of their lives. The more 
the genetic sample is amplified by PCR the more elements of that 
material become sensitive to the test and by that I don’t mean 
sensitive for a ‘virus’ but for elements of the genetic material which 


is naturally in the body or relates to remnants of old conditions of 
various kinds lying dormant and causing no disease. Once the 
amplification of the PCR reaches a certain level everyone will test 
positive. So much of the material has been made sensitive to the test 
that everyone will have some part of it in their body. Even lying 
criminals like Fauci have said that once PCR amplifications pass 35 
cycles everything will be a false positive that cannot be trusted for 
the reasons I have described. I say, like many proper doctors and 
scientists, that 100 percent of the ‘positives’ are false, but let’s just go 
with Fauci for a moment. 


He says that any amplification over 35 cycles will produce false 
positives and yet the US Centers for Disease Control (CDC) and 
Food and Drug Administration (FDA) have recommended up to 40 
cycles and the National Health Service (NHS) in Britain admitted in 
an internal document for staff that it was using 45 cycles of 
amplification. A long list of other countries has been doing the same 
and at least one ‘testing’ laboratory has been using 50 cycles. Have 
you ever heard a doctor, medical ‘expert’ or the media ask what level 
of amplification has been used to claim a ‘positive’. The ‘test’ comes 
back ‘positive’ and so you have the ‘virus’, end of story. Now we can 
see how the government in Tanzania could send off samples from a 
goat and a pawpaw fruit under human names and both came back 
positive for ‘Covid-19’. Tanzania president John Magufuli mocked 
the ‘Covid’ hysteria, the PCR test and masks and refused to import 
the DNA-manipulating ‘vaccine’. The Cult hated him and an article 
sponsored by the Bill Gates Foundation appeared in the London 
Guardian in February, 2021, headed ‘It’s time for Africa to rein in 
Tanzania’s anti-vaxxer president’. Well, ‘reined in’ he shortly was. 
Magufuli appeared in good health, but then, in March, 2021, he was 
dead at 61 from ‘heart failure’. He was replaced by Samia Hassan 
Suhulu who is connected to Klaus Schwab’s World Economic Forum 
and she immediately reversed Magufuli’s “‘Covid’ policy. A sample of 
cola tested positive for ‘Covid’ with the PCR test in Germany while 
American actress and singer-songwriter Erykah Badu tested positive 
in one nostril and negative in the other. Footballer Ronaldo called 


the PCR test ‘bullshit’ after testing positive three times and being 
forced to quarantine and miss matches when there was nothing 
wrong with him. The mantra from Tedros at the World Health 
Organization and national governments (same thing) has been test, 
test, test. They know that the more tests they can generate the more 
fake ‘cases’ they have which go on to become ‘deaths’ in ways Iam 
coming to. The UK government has its Operation Moonshot planned 
to test multiple millions every day in workplaces and schools with 
free tests for everyone to use twice a week at home in line with the 
Cult plan from the start to make testing part of life. A government 
advertisement for an ‘Interim Head of Asymptomatic Testing 
Communication’ said the job included responsibility for delivering a 
‘communications strategy’ (propaganda) ‘to support the expansion 
of asymptomatic testing that ‘normalises testing as part of everyday life’. 
More tests means more fake ‘cases’, ‘deaths’ and fascism. I have 
heard of, and from, many people who booked a test, couldn’t turn 
up, and yet got a positive result through the post for a test they’d 
never even had. The whole thing is crazy, but for the Cult there’s 
method in the madness. Controlling and manipulating the level of 
amplification of the test means the authorities can control whenever 
they want the number of apparent ‘cases’ and ‘deaths’. If they want 
to justify more fascist lockdown and destruction of livelihoods they 
keep the amplification high. If they want to give the illusion that 
lockdowns and the ‘vaccine’ are working then they lower the 
amplification and ‘cases’ and ‘deaths’ will appear to fall. In January, 
2021, the Cult-owned World Health Organization suddenly warned 
laboratories about over-amplification of the test and to lower the 
threshold. Suddenly headlines began appearing such as: ‘Why ARE 
“Covid” cases plummeting?’ This was just when the vaccine rollout 
was underway and I had predicted months before they would make 
cases appear to fall through amplification tampering when the 
‘vaccine’ came. These people are so predictable. 


The question must be asked of what is on the test swabs being poked 
far up the nose of the population to the base of the brain? A nasal 
swab punctured one woman’s brain and caused it to leak fluid. Most 
of these procedures are being done by people with little training or 
medical knowledge. Dr Lorraine Day, former orthopaedic trauma 
surgeon and Chief of Orthopaedic Surgery at San Francisco General 
Hospital, says the tests are really a ‘vaccine’. Cows have long been 
vaccinated this way. She points out that masks have to cover the nose 
and the mouth where it is claimed the ‘virus’ exists in saliva. Why 
then don’t they take saliva from the mouth as they do with a DNA 
test instead of pushing a long swab up the nose towards the brain? 
The ethmoid bone separates the nasal cavity from the brain and 
within that bone is the cribriform plate. Dr Day says that when the 
swab is pushed up against this plate and twisted the procedure is 
‘depositing things back there’. She claims that among these ‘things’ 
are nanoparticles that can enter the brain. Researchers have noted 
that a team at the Gates-funded Johns Hopkins have designed tiny, 
star-shaped micro-devices that can latch onto intestinal mucosa and 
release drugs into the body. Mucosa is the thin skin that covers the 
inside surface of parts of the body such as the nose and mouth and 
produces mucus to protect them. The Johns Hopkins micro-devices 
are called ‘theragrippers’ and were ‘inspired’ by a parasitic worm 
that digs its sharp teeth into a host’s intestines. Nasal swabs are also 
coated in the sterilisation agent ethylene oxide. The US National 
Cancer Institute posts this explanation on its website: 


At room temperature, ethylene oxide is a flammable colorless gas with a sweet odor. It is used 
primarily to produce other chemicals, including antifreeze. In smaller amounts, ethylene 
oxide is used as a pesticide and a sterilizing agent. The ability of ethylene oxide to damage 
DNA makes it an effective sterilizing agent but also accounts for its cancer-causing activity. 


The Institute mentions lymphoma and leukaemia as cancers most 
frequently reported to be associated with occupational exposure to 
ethylene oxide along with stomach and breast cancers. How does 
anyone think this is going to work out with the constant testing 


regime being inflicted on adults and children at home and at school 
that will accumulate in the body anything that’s on the swab? 


Doctors know best 

It is vital for people to realise that ‘hero’ doctors ‘know’ only what 
the Big Pharma-dominated medical authorities tell them to ‘know’ 
and if they refuse to ‘know’ what they are told to ‘know’ they are out 
the door. They are mostly not physicians or healers, but repeaters of 
the official narrative — or else. I have seen alleged professional 
doctors on British television make shocking statements that we are 
supposed to take seriously. One called ‘Dr’ Amir Khan, who is 
actually telling patients how to respond to illness, said that men 
could take the birth pill to ‘help slow down the effects of Covid-19”. 
In March, 2021, another ridiculous “Covid study’ by an American 
doctor proposed injecting men with the female sex hormone 
progesterone as a ‘Covid’ treatment. British doctor Nighat Arif told 
the BBC that face coverings were now going to be part of ongoing 
normal. Yes, the vaccine protects you, she said (evidence?) ... but the 
way to deal with viruses in the community was always going to 
come down to hand washing, face covering and keeping a physical 
distance. That’s not what we were told before the ‘vaccine’ was 
circulating. Arif said she couldn't imagine ever again going on the 
underground or in a lift without a mask. I was just thanking my 
good luck that she was not my doctor when she said — in March, 
2021 — that if “we are behaving and we are doing all the right things’ 
she thought we could ‘have our nearest and dearest around us at 
home ... around Christmas and New Year! Her patronising delivery 
was the usual school teacher talking to six-year-olds as she repeated 
every government talking point and probably believed them all. If 
we have learned anything from the ‘Covid’ experience surely it must 
be that humanity’s perception of doctors needs a fundamental 
rethink. NHS ‘doctor’ Sara Kayat told her television audience that 
the ‘Covid vaccine’ would ‘100 percent prevent hospitalisation and 
death’. Not even Big Pharma claimed that. We have to stop taking 
‘experts’ at their word without question when so many of them are 


clueless and only repeating the party line on which their careers 
depend. That is not to say there are not brilliants doctors — there are 
and I have spoken to many of them since all this began — but you 
won't see them in the mainstream media or quoted by the 
psychopaths and yes-people in government. 


Remember the name — Christian Drosten 

German virologist Christian Drosten, Director of Charité Institute of 
Virology in Berlin, became a national star after the pandemic hoax 
began. He was feted on television and advised the German 
government on ‘Covid’ policy. Most importantly to the wider world 
Drosten led a group that produced the ‘Covid’ testing protocol for 
the PCR test. What a remarkable feat given the PCR cannot test for 
infectious disease and even more so when you think that Drosten 
said that his method of testing for SARS-CoV-2 was developed 
‘without having virus material available’. He developed a test for a 
‘virus’ that he didn’t have and had never seen. Let that sink in as you 
survey the global devastation that came from what he did. The 
whole catastrophe of Drosten’s ‘test’ was based on the alleged 
genetic sequence published by Chinese scientists on the Internet. We 
will see in the next chapter that this alleged ‘genetic sequence’ has 
never been produced by China or anyone and cannot be when there 
is no SARS-CoV-2. Drosten, however, doesn’t seem to let little details 
like that get in the way. He was the lead author with Victor Corman 
from the same Charité Hospital of the paper ‘Detection of 2019 novel 
coronavirus (2019-nCoV) by real-time PCR’ published in a magazine 
called Eurosurveillance. This became known as the Corman-Drosten 
paper. In November, 2020, with human society devastated by the 
effects of the Corman-Drosten test baloney, the protocol was publicly 
challenged by 22 international scientists and independent 
researchers from Europe, the United States, and Japan. Among them 
were senior molecular geneticists, biochemists, immunologists, and 
microbiologists. They produced a document headed ‘External peer 
review of the RTPCR test to detect SARS-Cov-2 Reveals 10 Major 
Flaws At The Molecular and Methodological Level: Consequences 


For False-Positive Results’. The flaws in the Corman-Drosten test 
included the following: 


e The test is non-specific because of erroneous design 
e Results are enormously variable 


e The test is unable to discriminate between the whole ‘virus’ and 
viral fragments 


e It doesn’t have positive or negative controls 
e The test lacks a standard operating procedure 
e It is unsupported by proper peer view 


The scientists said the PCR ‘Covid’ testing protocol was not 
founded on science and they demanded the Corman-Drosten paper 
be retracted by Eurosurveillance. They said all present and previous 
Covid deaths, cases, and ‘infection rates’ should be subject to a 
massive retroactive inquiry. Lockdowns and travel restrictions 
should be reviewed and relaxed and those diagnosed through PCR 
to have ‘Covid-19’ should not be forced to isolate. Dr Kevin Corbett, 
a health researcher and nurse educator with a long academic career 
producing a stream of peer-reviewed publications at many UK 
universities, made the same point about the PCR test debacle. He 
said of the scientists’ conclusions: ‘Every scientific rationale for the 
development of that test has been totally destroyed by this paper. It’s 
like Hiroshima/Nagasaki to the Covid test.’ He said that China 
hadn’t given them an isolated ‘virus’ when Drosten developed the 
test. Instead they had developed the test from a sequence in a gene 
bank.’ Put another way ... they made it up! The scientists were 
supported in this contention by a Portuguese appeals court which 
ruled in November, 2020, that PCR tests are unreliable and it is 
unlawful to quarantine people based solely on a PCR test. The point 
about China not providing an isolated virus must be true when the 
‘virus’ has never been isolated to this day and the consequences of 
that will become clear. Drosten and company produced this useless 
‘protocol’ right on cue in January, 2020, just as the ‘virus’ was said to 


be moving westward and it somehow managed to successfully pass 
a peer-review in 24 hours. In other words there was no peer-review 
for a test that would be used to decide who had ‘Covid’ and who 
didn’t across the world. The Cult-created, Gates-controlled World 
Health Organization immediately recommended all its nearly 200 
member countries to use the Drosten PCR protocol to detect ‘cases’ 
and ‘deaths’. The sting was underway and it continues to this day. 


So who is this Christian Drosten that produced the means through 
which death, destruction and economic catastrophe would be 
justified? His education background, including his doctoral thesis, 
would appear to be somewhat shrouded in mystery and his track 
record is dire as with another essential player in the ‘Covid’ hoax, 
the Gates-funded Professor Neil Ferguson at the Gates-funded 
Imperial College in London of whom more shortly. Drosten 
predicted in 2003 that the alleged original SARS ‘virus’ (SARS-1’) 
was an epidemic that could have serious effects on economies and an 
effective vaccine would take at least two years to produce. Drosten’s 
answer to every alleged ‘outbreak’ is a vaccine which you won't be 
shocked to know. What followed were just 774 official deaths 
worldwide and none in Germany where there were only nine cases. 
That is even if you believe there ever was a SARS ‘virus’ when the 
evidence is zilch and I will expand on this in the next chapter. 
Drosten claims to be co-discoverer of ‘SARS-1’ and developed a test 
for it in 2003. He was screaming warnings about ‘swine flu’ in 2009 
and how it was a widespread infection far more severe than any 
dangers from a vaccine could be and people should get vaccinated. It 
would be helpful for Drosten’s vocal chords if he simply recorded 
the words ‘the virus is deadly and you need to get vaccinated’ and 
copies could be handed out whenever the latest made-up threat 
comes along. Drosten’s swine flu epidemic never happened, but Big 
Pharma didn’t mind with governments spending hundreds of 
millions on vaccines that hardly anyone bothered to use and many 
who did wished they hadn’t. A study in 2010 revealed that the risk 
of dying from swine flu, or H1IN1, was no higher than that of the 
annual seasonal flu which is what at least most of ‘it’ really was as in 


the case of ‘Covid-19’. A media investigation into Drosten asked 
how with such a record of inaccuracy he could be the government 
adviser on these issues. The answer to that question is the same with 
Drosten, Ferguson and Fauci — they keep on giving the authorities 
the ‘conclusions’ and ‘advice’ they want to hear. Drosten certainly 
produced the goods for them in January, 2020, with his PCR protocol 
garbage and provided the foundation of what German internal 
medicine specialist Dr Claus Kohnlein, co-author of Virus Mania, 
called the ‘test pandemic’. The 22 scientists in the Eurosurveillance 
challenge called out conflicts of interest within the Drosten ‘protocol’ 
group and with good reason. Olfert Landt, a regular co-author of 
Drosten ‘studies’, owns the biotech company TIB Molbiol 
Syntheselabor GmbH in Berlin which manufactures and sells the 
tests that Drosten and his mates come up with. They have done this 
with SARS, Enterotoxigenic E. coli (ETEC), MERS, Zika ‘virus’, 
yellow fever, and now ‘Covid’. Landt told the Berliner Zeitung 
newspaper: 


The testing, design and development came from the Charité [Drosten and Corman]. We 
simply implemented it immediately in the form of a kit. And if we don’t have the virus, which 
originally only existed in Wuhan, we can make a synthetic gene to simulate the genome of the 
virus. That’s what we did very quickly. 


This is more confirmation that the Drosten test was designed 
without access to the ‘virus’ and only a synthetic simulation which is 
what SARS-CoV-2 really is —- a computer-generated synthetic fiction. 
It’s quite an enterprise they have going here. A Drosten team decides 
what the test for something should be and Landt’s biotech company 
flogs it to governments and medical systems across the world. His 
company must have made an absolute fortune since the ‘Covid’ hoax 
began. Dr Reiner Fuellmich, a prominent German consumer 
protection trial lawyer in Germany and California, is on Drosten’s 
case and that of Tedros at the World Health Organization for crimes 
against humanity with a class-action lawsuit being prepared in the 
United States and other legal action in Germany. 


Scamming the world with a ‘virus’ that doesn’t exist would seem 
impossible on the face of it, but not if you have control of the 
relatively few people that make policy decisions and the great 
majority of the global media. Remember it’s not about changing 
‘real’ reality it’s about controlling perception of reality. You don’t have 
to make something happen you only have make people believe that 
it’s happening. Renegade Minds understand this and are therefore 
much harder to swindle. ‘Covid-19 is not a ‘real’ ‘virus’. It’s a mind 
virus, like a computer virus, which has infected the minds, not the 
bodies, of billions. It all started, publically at least, in China and that 
alone is of central significance. The Cult was behind the revolution 
led by its asset Mao Zedong, or Chairman Mao, which established 
the People’s Republic of China on October 1st, 1949. It should have 
been called The Cult’s Republic of China, but the name had to reflect 
the recurring illusion that vicious dictatorships are run by and for 
the people (see all the ‘Democratic Republics’ controlled by tyrants). 
In the same way we have the ‘Biden’ Democratic Republic of 
America officially ruled by a puppet tyrant (at least temporarily) on 
behalf of Cult tyrants. The creation of Mao’s merciless 
communist/fascist dictatorship was part of a frenzy of activity by the 
Cult at the conclusion of World War Two which, like the First World 
War, it had instigated through its assets in Germany, Britain, France, 
the United States and elsewhere. Israel was formed in 1948; the 
Soviet Union expanded its ‘Iron Curtain’ control, influence and 
military power with the Warsaw Pact communist alliance in 1955; 
the United Nations was formed in 1945 as a Cult precursor to world 
government; and a long list of world bodies would be established 
including the World Health Organization (1948), World Trade 
Organization (1948 under another name until 1995), International 
Monetary Fund (1945) and World Bank (1944). Human society was 
redrawn and hugely centralised in the global Problem-Reaction- 
Solution that was World War Two. All these changes were 
significant. Israel would become the headquarters of the Sabbatians 


and the revolution in China would prepare the ground and control 
system for the events of 2019/2020. 


Renegade Minds know there are no borders except for public 
consumption. The Cult is a seamless, borderless global entity and to 
understand the game we need to put aside labels like borders, 
nations, countries, communism, fascism and democracy. These 
delude the population into believing that countries are ruled within 
their borders by a government of whatever shade when these are 
mere agencies of a global power. America’s illusion of democracy 
and China’s communism/fascism are subsidiaries — vehicles — for the 
same agenda. We may hear about conflict and competition between 
America and China and on the lower levels that will be true; but at 
the Cult level they are branches of the same company in the way of 
the McDonald’s example I gave earlier. I have tracked in the books 
over the years support by US governments of both parties for 
Chinese Communist Party infiltration of American society through 
allowing the sale of land, even military facilities, and the acquisition 
of American business and university influence. All this is 
underpinned by the infamous stealing of intellectual property and 
technological know-how. Cult-owned Silicon Valley corporations 
waive their fraudulent ‘morality’ to do business with human-rights- 
free China; Cult-controlled Disney has become China’s PR 
department; and China in effect owns ‘American’ sports such as 
basketball which depends for much of its income on Chinese 
audiences. As a result any sports player, coach or official speaking 
out against China’s horrific human rights record is immediately 
condemned or fired by the China-worshipping National Basketball 
Association. One of the first acts of China-controlled Biden was to 
issue an executive order telling federal agencies to stop making 
references to the ‘virus’ by the ‘geographic location of its origin’. 
Long-time Congressman Jerry Nadler warned that criticising China, 
America’s biggest rival, leads to hate crimes against Asian people in 
the United States. So shut up you bigot. China is fast closing in on 
Israel as a country that must not be criticised which is apt, really, 
given that Sabbatians control them both. The two countries have 


developed close economic, military, technological and strategic ties 
which include involvement in China’s ‘Silk Road’ transport and 
economic initiative to connect China with Europe. Israel was the first 
country in the Middle East to recognise the establishment of Mao’s 
tyranny in 1950 months after it was established. 


Project Wuhan — the ‘Covid' Psyop 

I emphasise again that the Cult plays the long game and what is 
happening to the world today is the result of centuries of calculated 
manipulation following a script to take control step-by-step of every 
aspect of human society. I will discuss later the common force 
behind all this that has spanned those centuries and thousands of 
years if the truth be told. Instigating the Mao revolution in China in 
1949 with a 2020 ‘pandemic’ in mind is not only how they work — the 
71 years between them is really quite short by the Cult’s standards of 
manipulation preparation. The reason for the Cult’s Chinese 
revolution was to create a fiercely-controlled environment within 
which an extreme structure for human control could be incubated to 
eventually be unleashed across the world. We have seen this happen 
since the ‘pandemic’ emerged from China with the Chinese control- 
structure founded on AI technology and tyrannical enforcement 
sweep across the West. Until the moment when the Cult went for 
broke in the West and put its fascism on public display Western 
governments had to pay some lip-service to freedom and democracy 
to not alert too many people to the tyranny-in-the-making. Freedoms 
were more subtly eroded and power centralised with covert 
government structures put in place waiting for the arrival of 2020 
when that smokescreen of ‘freedom’ could be dispensed with. The 
West was not able to move towards tyranny before 2020 anything 
like as fast as China which was created as a tyranny and had no 
limits on how fast it could construct the Cult’s blueprint for global 
control. When the time came to impose that structure on the world it 
was the same Cult-owned Chinese communist/fascist government 
that provided the excuse — the ‘Covid pandemic’. It was absolutely 
crucial to the Cult plan for the Chinese response to the ‘pandemic’ — 


draconian lockdowns of the entire population — to become the 
blueprint that Western countries would follow to destroy the 
livelihoods and freedom of their people. This is why the Cult- 
owned, Gates-owned, WHO Director-General Tedros said early on: 


The Chinese government is to be congratulated for the extraordinary measures it has taken to 
contain the outbreak. China is actually setting a new standard for outbreak response and it is 
not an exaggeration. 


Forbes magazine said of China: ’... those measures protected untold 
millions from getting the disease’. The Rockefeller Foundation 
‘epidemic scenario’ document in 2010 said “prophetically’: 


However, a few countries did fare better — China in particular. The Chinese government's 
quick imposition and enforcement of mandatory quarantine for all citizens, as well as its 
instant and near-hermetic sealing off of all borders, saved millions of lives, stopping the spread 
of the virus far earlier than in other countries and enabling a swifter post-pandemic recovery. 


Once again — spooky. 

The first official story was the “bat theory’ or rather the bat 
diversion. The source of the ‘virus outbreak’ we were told was a 
“wet market’ in Wuhan where bats and other animals are bought 
and eaten in horrifically unhygienic conditions. Then another story 
emerged through the alternative media that the ‘virus’ had been 
released on purpose or by accident from a BSL-4 (biosafety level 4) 
laboratory in Wuhan not far from the wet market. The lab was 
reported to create and work with lethal concoctions and 
bioweapons. Biosafety level 4 is the highest in the World Health 
Organization system of safety and containment. Renegade Minds are 
aware of what I call designer manipulation. The ideal for the Cult is 
for people to buy its prime narrative which in the opening salvoes of 
the ‘pandemic’ was the wet market story. It knows, however, that 
there is now a considerable worldwide alternative media of 
researchers sceptical of anything governments say and they are often 
given a version of events in a form they can perceive as credible 
while misdirecting them from the real truth. In this case let them 


think that the conspiracy involved is a ‘bioweapon virus’ released 
from the Wuhan lab to keep them from the real conspiracy — there is 
no ‘virus’. The WHO's current position on the source of the outbreak 
at the time of writing appears to be: ‘We haven't got a clue, mate.’ 
This is a good position to maintain mystery and bewilderment. The 
inner circle will know where the ‘virus’ came from — nowhere. The 
bottom line was to ensure the public believed there was a ‘virus’ and 
it didn’t much matter if they thought it was natural or had been 
released from a lab. The belief that there was a ‘deadly virus’ was all 
that was needed to trigger global panic and fear. The population was 
terrified into handing their power to authority and doing what they 
were told. They had to or they were ‘all gonna die’. 


In March, 2020, information began to come my way from real 
doctors and scientists and my own additional research which had 
my intuition screaming: ‘Yes, that’s it! There is no virus.’ The 
‘bioweapon’ was not the ‘virus’; it was the ‘vaccine’ already being 
talked about that would be the bioweapon. My conclusion was 
further enhanced by happenings in Wuhan. The ‘virus’ was said to 
be sweeping the city and news footage circulated of people 
collapsing in the street (which they’ve never done in the West with 
the same ‘virus’). The Chinese government was building ‘new 
hospitals’ in a matter of ten days to ‘cope with demand’ such was the 
virulent nature of the ‘virus’. Yet in what seemed like no time the 
‘new hospitals’ closed — even if they even opened — and China 
declared itself ‘virus-free’. It was back to business as usual. This was 
more propaganda to promote the Chinese draconian lockdowns in 
the West as the way to ‘beat the virus’. Trouble was that we 
subsequently had lockdown after lockdown, but never business as 
usual. As the people of the West and most of the rest of the world 
were caught in an ever-worsening spiral of lockdown, social 
distancing, masks, isolated old people, families forced apart, and 
livelihood destruction, it was party-time in Wuhan. Pictures 
emerged of thousands of people enjoying pool parties and concerts. 
It made no sense until you realised there never was a ‘virus’ and the 


whole thing was a Cult set-up to transform human society out of one 
its major global strongholds — China. 


How is it possible to deceive virtually the entire world population 
into believing there is a deadly virus when there is not even a ‘virus’ 
let alone a deadly one? It’s nothing like as difficult as you would 
think and that’s clearly true because it happened. 


Postscript: See end of book Postscript for more on the ‘Wuhan lab 
virus release’ story which the authorities and media were pushing 
heavily in the summer of 2021 to divert attention from the truth that 
the ‘Covid virus’ is pure invention. 


CHAPTER FIVE 
There is no ‘virus’ 


You can fool some of the people all of the time, and all of the people 
some of the time, but you cannot fool all of the people all of the time 
Abraham Lincoln 


he greatest form of mind control is repetition. The more you 

repeat the same mantra of alleged ‘facts’ the more will accept 
them to be true. It becomes an ‘everyone knows that, mate’. If you 
can also censor any other version or alternative to your alleged 
‘facts’ you are pretty much home and cooking. 


By the start of 2020 the Cult owned the global mainstream media 
almost in its entirety to spew out its ‘Covid’ propaganda and ignore 
or discredit any other information and view. Cult-owned social 
media platforms in Cult-owned Silicon Valley were poised and 
ready to unleash a campaign of ferocious censorship to obliterate all 
but the official narrative. To complete the circle many demands for 
censorship by Silicon Valley were led by the mainstream media as 
‘journalists’ became full-out enforcers for the Cult both as 
propagandists and censors. Part of this has been the influx of young 
people straight out of university who have become ‘journalists’ in 
significant positions. They have no experience and a headful of 
programmed perceptions from their years at school and university at 
a time when today’s young are the most perceptually-targeted 
generations in known human history given the insidious impact of 
technology. They enter the media perceptually prepared and ready 
to repeat the narratives of the system that programmed them to 


repeat its narratives. The BBC has a truly pathetic ‘specialist 
disinformation reporter’ called Marianna Spring who fits this bill 
perfectly. She is clueless about the world, how it works and what is 
really going on. Her role is to discredit anyone doing the job that a 
proper journalist would do and system-serving hacks like Spring 
wouldn't dare to do or even see the need to do. They are too busy 
licking the arse of authority which can never be wrong and, in the 
case of the BBC propaganda programme, Panorama, contacting 
payments systems such as PayPal to have a donations page taken 
down for a film company making documentaries questioning 
vaccines. Even the BBC soap opera EastEnders included a 
disgracefully biased scene in which an inarticulate white working 
class woman was made to look foolish for questioning the ‘vaccine’ 
while a well-spoken black man and Asian woman promoted the 
government narrative. It ticked every BBC box and the fact that the 
black and minority community was resisting the ‘vaccine’ had 
nothing to do with the way the scene was written. The BBC has 
become a disgusting tyrannical propaganda and censorship 
operation that should be defunded and disbanded and a free media 
take its place with a brief to stop censorship instead of demanding it. 
A BBC ‘interview’ with Gates goes something like: ‘Mr Gates, sir, if I 
can call you sir, would you like to tell our audience why you are 
such a great man, a wonderful humanitarian philanthropist, and 
why you should absolutely be allowed as a software salesman to 
decide health policy for approaching eight billion people? Thank 
you, sir, please sir.’ Propaganda programming has been incessant 
and merciless and when all you hear is the same story from the 
media, repeated by those around you who have only heard the same 
story, is it any wonder that people on a grand scale believe absolute 
mendacious garbage to be true? You are about to see, too, why this 
level of information control is necessary when the official “Covid’ 
narrative is so nonsensical and unsupportable by the evidence. 


The pyramid structure through which the ‘Covid’ hoax has been 
manifested is very simple and has to be to work. As few people as 
possible have to be involved with full knowledge of what they are 
doing — and why - or the real story would get out. At the top of the 
pyramid are the inner core of the Cult which controls Bill Gates who, 
in turn, controls the World Health Organization through his pivotal 
funding and his puppet Director-General mouthpiece, Tedros. 
Before he was appointed Tedros was chair of the Gates-founded 
Global Fund to ‘fight against AIDS, tuberculosis and malaria’, a 
board member of the Gates-funded ‘vaccine alliance’ GAVI, and on 
the board of another Gates-funded organisation. Gates owns him 
and picked him for a specific reason — Tedros is a crook and worse. 
‘Dr’ Tedros (he’s not a medical doctor, the first WHO chief not to be) 
was a member of the tyrannical Marxist government of Ethiopia for 
decades with all its human rights abuses. He has faced allegations of 
corruption and misappropriation of funds and was exposed three 
times for covering up cholera epidemics while Ethiopia’s health 
minister. Tedros appointed the mass-murdering genocidal 
Zimbabwe dictator Robert Mugabe as a WHO goodwill ambassador 
for public health which, as with Tedros, is like appointing a 
psychopath to run a peace and love campaign. The move was so 
ridiculous that he had to drop Mugabe in the face of widespread 
condemnation. American economist David Steinman, a Nobel peace 
prize nominee, lodged a complaint with the International Criminal 
Court in The Hague over alleged genocide by Tedros when he was 
Ethiopia’s foreign minister. Steinman says Tedros was a ‘crucial 
decision maker’ who directed the actions of Ethiopia’s security forces 
from 2013 to 2015 and one of three officials in charge when those 
security services embarked on the ‘killing’ and ‘torturing’ of 
Ethiopians. You can see where Tedros is coming from and it’s 
sobering to think that he has been the vehicle for Gates and the Cult 
to direct the global response to ‘Covid’. Think about that. A 
psychopathic Cult dictates to psychopath Gates who dictates to 
psychopath Tedros who dictates how countries of the world must 
respond to a ‘Covid virus’ never scientifically shown to exist. At the 
same time psychopathic Cult-owned Silicon Valley information 


giants like Google, YouTube, Facebook and Twitter announced very 
early on that they would give the Cult/Gates/Tedros/WHO version 
of the narrative free advertising and censor those who challenged 
their intelligence-insulting, mendacious story. 

The next layer in the global ‘medical’ structure below the Cult, 
Gates and Tedros are the chief medical officers and science ‘advisers’ 
in each of the WHO member countries which means virtually all of 
them. Medical officers and arbiters of science (they’re not) then take 
the WHO policy and recommended responses and impose them on 
their country’s population while the political ‘leaders’ say they are 
deciding policy (they’re clearly not) by ‘following the science’ on the 
advice of the ‘experts’ — the same medical officers and science 
‘advisers’ (dictators). In this way with the rarest of exceptions the 
entire world followed the same policy of lockdown, people 
distancing, masks and ‘vaccines’ dictated by the psychopathic Cult, 
psychopathic Gates and psychopathic Tedros who we are supposed 
to believe give a damn about the health of the world population they 
are seeking to enslave. That, amazingly, is all there is to it in terms of 
crucial decision-making. Medical staff in each country then follow 
like sheep the dictates of the shepherds at the top of the national 
medical hierarchies — chief medical officers and science ‘advisers’ 
who themselves follow like sheep the shepherds of the World Health 
Organization and the Cult. Shepherds at the national level often 
have major funding and other connections to Gates and his Bill and 
Melinda Gates Foundation which carefully hands out money like 
confetti at a wedding to control the entire global medical system 
from the WHO down. 


Follow the money 

Christopher Whitty, Chief Medical Adviser to the UK Government at 
the centre of ‘virus’ policy, a senior adviser to the government's 
Scientific Advisory Group for Emergencies (SAGE), and Executive 
Board member of the World Health Organization, was gifted a grant 
of $40 million by the Bill and Melinda Gates Foundation for malaria 
research in Africa. The BBC described the unelected Whitty as ‘the 


official who will probably have the greatest impact on our everyday 
lives of any individual policymaker in modern times’ and so it 
turned out. What Gates and Tedros have said Whitty has done like 
his equivalents around the world. Patrick Vallance, co-chair of SAGE 
and the government's Chief Scientific Adviser, is a former executive 
of Big Pharma giant GlaxoSmithKline with its fundamental financial 
and business connections to Bill Gates. In September, 2020, it was 
revealed that Vallance owned a deferred bonus of shares in 
GlaxoSmithKline worth £600,000 while the company was 
‘developing’ a ‘Covid vaccine’. Move along now — nothing to see 
here — what could possibly be wrong with that? Imperial College in 
London, a major player in ‘Covid’ policy in Britain and elsewhere 
with its ‘Covid-19’ Response Team, is funded by Gates and has big 
connections to China while the now infamous Professor Neil 
Ferguson, the useless ‘computer modeller’ at Imperial College is also 
funded by Gates. Ferguson delivered the dramatically inaccurate 
excuse for the first lockdowns (much more in the next chapter). The 
Institute for Health Metrics and Evaluation (IHME) in the United 
States, another source of outrageously false ‘Covid’ computer 
models to justify lockdowns, is bankrolled by Gates who is a 
vehement promotor of lockdowns. America’s version of Whitty and 
Vallance, the again now infamous Anthony Fauci, has connections to 
‘Covid vaccine’ maker Moderna as does Bill Gates through funding 
from the Bill and Melinda Gates Foundation. Fauci is director of the 
National Institute of Allergy and Infectious Diseases (NIAID), a 
major recipient of Gates money, and they are very close. Deborah 
Birx who was appointed White House Coronavirus Response 
Coordinator in February, 2020, is yet another with ties to Gates. 
Everywhere you look at the different elements around the world 
behind the coordination and decision making of the ‘Covid’ hoax 
there is Bill Gates and his money. They include the World Health 
Organization; Centers for Disease Control (CDC) in the United 
States; National Institutes of Health (NIH) of Anthony Fauci; 
Imperial College and Neil Ferguson; the London School of Hygiene 
where Chris Whitty worked; Regulatory agencies like the UK 
Medicines & Healthcare products Regulatory Agency (MHRA) 


which gave emergency approval for ‘Covid vaccines’; Wellcome 
Trust; GAVI, the Vaccine Alliance; the Coalition for Epidemic 
Preparedness Innovations (CEPI); Johns Hopkins University which 
has compiled the false ‘Covid’ figures; and the World Economic 
Forum. A Nationalfile.com article said: 


Gates has a lot of pull in the medical world, he has a multi-million dollar relationship with Dr. 
Fauci, and Fauci originally took the Gates line supporting vaccines and casting doubt on [the 
drug hydroxychloroquine]. Coronavirus response team member Dr. Deborah Birx, appointed 
by former president Obama to serve as United States Global AIDS Coordinator, also sits on the 
board of a group that has received billions from Gates’ foundation, and Birx reportedly used a 
disputed Bill Gates-funded model for the White House’s Coronavirus effort. Gates is a big 
proponent for a population lockdown scenario for the Coronavirus outbreak. 


Another funder of Moderna is the Defense Advanced Research 
Projects Agency (DARPA), the technology-development arm of the 
Pentagon and one of the most sinister organisations on earth. 
DARPA had a major role with the CIA covert technology-funding 
operation In-Q-Tel in the development of Google and social media 
which is now at the centre of global censorship. Fauci and Gates are 
extremely close and openly admit to talking regularly about ‘Covid’ 
policy, but then why wouldn't Gates have a seat at every national 
‘Covid’ table after his Foundation committed $1.75 billion to the 
‘fight against Covid-19’. When passed through our Orwellian 
Translation Unit this means that he has bought and paid for the Cult- 
driven ‘Covid’ response worldwide. Research the major ‘Covid’ 
response personnel in your own country and you will find the same 
Gates funding and other connections again and again. Medical and 
science chiefs following World Health Organization ‘policy’ sit atop 
a medical hierarchy in their country of administrators, doctors and 
nursing staff. These ‘subordinates’ are told they must work and 
behave in accordance with the policy delivered from the ‘top’ of the 
national ‘health’ pyramid which is largely the policy delivered by 
the WHO which is the policy delivered by Gates and the Cult. The 
whole ‘Covid’ narrative has been imposed on medical staff by a 
climate of fear although great numbers don’t even need that to 
comply. They do so through breathtaking levels of ignorance and 


include doctors who go through life simply repeating what Big 
Pharma and their hierarchical masters tell them to say and believe. 
No wonder Big Pharma ‘medicine’ is one of the biggest killers on 
Planet Earth. 

The same top-down system of intimidation operates with regard 
to the Cult Big Pharma cartel which also dictates policy through 
national and global medical systems in this way. The Cult and Big 
Pharma agendas are the same because the former controls and owns 
the latter. ‘Health’ administrators, doctors, and nursing staff are told 
to support and parrot the dictated policy or they will face 
consequences which can include being fired. How sad it’s been to see 
medical staff meekly repeating and imposing Cult policy without 
question and most of those who can see through the deceit are only 
willing to speak anonymously off the record. They know what will 
happen if their identity is known. This has left the courageous few to 
expose the lies about the ‘virus’, face masks, overwhelmed hospitals 
that aren’t, and the dangers of the ‘vaccine’ that isn’t a vaccine. When 
these medical professionals and scientists, some renowned in their 
field, have taken to the Internet to expose the truth their articles, 
comments and videos have been deleted by Cult-owned Facebook, 
Twitter and YouTube. What a real head-shaker to see YouTube 
videos with leading world scientists and highly qualified medical 
specialists with an added link underneath to the notorious Cult 
propaganda website Wikipedia to find the ‘facts’ about the same 
subject. 


HIV — the ‘Covid' trial-run 

I'll give you an example of the consequences for health and truth 
that come from censorship and unquestioning belief in official 
narratives. The story was told by PCR inventor Kary Mullis in his 
book Dancing Naked in the Mind Field. He said that in 1984 he 
accepted as just another scientific fact that Luc Montagnier of 
France’s Pasteur Institute and Robert Gallo of America’s National 
Institutes of Health had independently discovered that a ‘retrovirus’ 
dubbed HIV (human immunodeficiency virus) caused AIDS. They 


were, after all, Mullis writes, specialists in retroviruses. This is how 
the medical and science pyramids work. Something is announced or 
assumed and then becomes an everybody-knows-that purely through 
repetition of the assumption as if it is fact. Complete crap becomes 
accepted truth with no supporting evidence and only repetition of 
the crap. This is how a ‘virus’ that doesn’t exist became the ‘virus’ 
that changed the world. The HIV-AIDS fairy story became a mullti- 
billion pound industry and the media poured out propaganda 
terrifying the world about the deadly HIV ‘virus’ that caused the 
lethal AIDS. By then Mullis was working at a lab in Santa Monica, 
California, to detect retroviruses with his PCR test in blood 
donations received by the Red Cross. In doing so he asked a 
virologist where he could find a reference for HIV being the cause of 
AIDS. “You don’t need a reference,’ the virologist said ... “Everybody 
knows tt.” Mullis said he wanted to quote a reference in the report he 
was doing and he said he felt a little funny about not knowing the 
source of such an important discovery when everyone else seemed 
to. The virologist suggested he cite a report by the Centers for 
Disease Control and Prevention (CDC) on morbidity and mortality. 
Mullis read the report, but it only said that an organism had been 
identified and did not say how. The report did not identify the 
original scientific work. Physicians, however, assumed (key recurring 
theme) that if the CDC was convinced that HIV caused AIDS then 
proof must exist. Mullis continues: 


| did computer searches. Neither Montagnier, Gallo, nor anyone else had published papers 
describing experiments which led to the conclusion that HIV probably caused AIDS. | read 
the papers in Science for which they had become well known as AIDS doctors, but all they 
had said there was that they had found evidence of a past infection by something which was 
probably HIV in some AIDS patients. 


They found antibodies. Antibodies to viruses had always been considered evidence of past 
disease, not present disease. Antibodies signaled that the virus had been defeated. The patient 
had saved himself. There was no indication in these papers that this virus caused a disease. 
They didn’t show that everybody with the antibodies had the disease. In fact they found some 
healthy people with antibodies. 


Mullis asked why their work had been published if Montagnier 
and Gallo hadn't really found this evidence, and why had they been 
fighting so hard to get credit for the discovery? He says he was 
hesitant to write ‘HIV is the probable cause of AIDS’ until he found 
published evidence to support that. ‘Tens of thousands of scientists 
and researchers were spending billions of dollars a year doing 
research based on this idea,’ Mullis writes. “The reason had to be 
there somewhere; otherwise these people would not have allowed 
their research to settle into one narrow channel of investigation.’ He 
said he lectured about PCR at numerous meetings where people 
were always talking about HIV and he asked them how they knew 
that HIV was the cause of AIDS: 


Everyone said something. Everyone had the answer at home, in the office, in some drawer. 
They all knew, and they would send me the papers as soon as they got back. But | never got 
any papers. Nobody ever sent me the news about how AIDS was caused by HIV. 


Eventually Mullis was able to ask Montagnier himself about the 
reference proof when he lectured in San Diego at the grand opening 
of the University of California AIDS Research Center. Mullis says 
this was the last time he would ask his question without showing 
anger. Montagnier said he should reference the CDC report. ‘I read 
it’, Mullis said, and it didn’t answer the question. ‘If Montagnier 
didn’t know the answer who the hell did?’ Then one night Mullis 
was driving when an interview came on National Public Radio with 
Peter Duesberg, a prominent virologist at Berkeley and a California 
Scientist of the Year. Mullis says he finally understood why he could 
not find references that connected HIV to AIDS — there weren't any! 
No one had ever proved that HIV causes AIDS even though it had 
spawned a multi-billion pound global industry and the media was 
repeating this as fact every day in their articles and broadcasts 
terrifying the shit out of people about AIDS and giving the 
impression that a positive test for HIV (see ‘Covid’) was a death 
sentence. Duesberg was a threat to the AIDS gravy train and the 
agenda that underpinned it. He was therefore abused and castigated 
after he told the Proceedings of the National Academy of Sciences 


there was no good evidence implicating the new ‘virus’. Editors 
rejected his manuscripts and his research funds were deleted. Mullis 
points out that the CDC has defined AIDS as one of more than 30 
diseases if accompanied by a positive result on a test that detects 
antibodies to HIV; but those same diseases are not defined as AIDS 
cases when antibodies are not detected: 


If an HIV-positive woman develops uterine cancer, for example, she is considered to have 
AIDS. If she is not HIV positive, she simply has uterine cancer. An HIV-positive man with 
tuberculosis has AIDS; if he tests negative he simply has tuberculosis. If he lives in Kenya or 
Colombia, where the test for HIV antibodies is too expensive, he is simply presumed to have 
the antibodies and therefore AIDS, and therefore he can be treated in the World Health 
Organization’s clinic. It’s the only medical help available in some places. And it’s free, 
because the countries that support WHO are worried about AIDS. 


Mullis accuses the CDC of continually adding new diseases (see ever 
more ‘Covid symptoms’) to the grand AIDS definition and of 
virtually doctoring the books to make it appear as if the disease 
continued to spread. He cites how in 1993 the CDC enormously 
broadened its AIDS definition and county health authorities were 
delighted because they received $2,500 per year from the Federal 
government for every reported AIDS case. Ladies and gentlemen, I 
have just described, via Kary Mullis, the ‘Covid pandemic’ of 2020 
and beyond. Every element is the same and it’s been pulled off in the 
same way by the same networks. 


The ‘Covid virus’ exists? Okay — prove it. Er... still waiting 

What Kary Mullis described with regard to ‘HIV’ has been repeated 
with ‘Covid’. A claim is made that a new, or ‘novel’, infection has 
been found and the entire medical system of the world repeats that 
as fact exactly as they did with HIV and AIDS. No one in the 
mainstream asks rather relevant questions such as ‘How do you 
know?’ and ‘Where is your proof?’ The SARS-Cov-2 ‘virus’ and the 
‘Covid-19 disease’ became an overnight ‘everybody-knows-that’. 
The origin could be debated and mulled over, but what you could 
not suggest was that ‘SARS-Cov-2’ didn’t exist. That would be 


ridiculous. ‘Everybody knows’ the ‘virus’ exists. Well, I didn’t for 
one along with American proper doctors like Andrew Kaufman and 
Tom Cowan and long-time American proper journalist Jon 
Rappaport. We dared to pursue the obvious and simple question: 
‘Where’s the evidence?’ The overwhelming majority in medicine, 
journalism and the general public did not think to ask that. After all, 
everyone knew there was a new ‘virus’. Everyone was saying so and I 
heard it on the BBC. Some would eventually argue that the ‘deadly 
virus’ was nothing like as deadly as claimed, but few would venture 
into the realms of its very existence. Had they done so they would 
have found that the evidence for that claim had gone AWOL as with 
HIV causes AIDS. In fact, not even that. For something to go AWOL 
it has to exist in the first place and scientific proof for a ‘SARS-Cov-2’ 
can be filed under nothing, nowhere and zilch. 

Dr Andrew Kaufman is a board-certified forensic psychiatrist in 
New York State, a Doctor of Medicine and former Assistant 
Professor and Medical Director of Psychiatry at SUNY Upstate 
Medical University, and Medical Instructor of Hematology and 
Oncology at the Medical School of South Carolina. He also studied 
biology at the Massachusetts Institute of Technology (MIT) and 
trained in Psychiatry at Duke University. Kaufman is retired from 
allopathic medicine, but remains a consultant and educator on 
natural healing, I saw a video of his very early on in the ‘Covid’ hoax 
in which he questioned claims about the ‘virus’ in the absence of any 
supporting evidence and with plenty pointing the other way. I did 
everything I could to circulate his work which I felt was asking the 
pivotal questions that needed an answer. I can recommend an 
excellent pull-together interview he did with the website The Last 
Vagabond entitled Dr Andrew Kaufman: Virus Isolation, Terrain Theory 
and Covid-19 and his website is andrewkaufmanmd.com. Kaufman is 
not only a forensic psychiatrist; he is forensic in all that he does. He 
always reads original scientific papers, experiments and studies 
instead of second-third-fourth-hand reports about the ‘virus’ in the 
media which are repeating the repeated repetition of the narrative. 
When he did so with the original Chinese ‘virus’ papers Kaufman 


realised that there was no evidence of a ‘SARS-Cov-2’. They had 
never — from the start — shown it to exist and every repeat of this 
claim worldwide was based on the accepted existence of proof that 
was nowhere to be found — see Kary Mullis and HIV. Here we go 
again. 


Let's postulate 

Kaufman discovered that the Chinese authorities immediately 
concluded that the cause of an illness that broke out among about 
200 initial patients in Wuhan was a ‘new virus’ when there were no 
grounds to make that conclusion. The alleged ‘virus’ was not 
isolated from other genetic material in their samples and then shown 
through a system known as Koch’s postulates to be the causative 
agent of the illness. The world was told that the SARS-Cov-2 ‘virus’ 
caused a disease they called ‘Covid-19’ which had ‘flu-like’ 
symptoms and could lead to respiratory problems and pneumonia. 
If it wasn’t so tragic it would almost be funny. “Flu-like’ symptoms’? 
Pneumonia? Respiratory disease? What in CHINA and particularly in 
Wuhan, one of the most polluted cities in the world with a resulting 
epidemic of respiratory disease?? Three hundred thousand people 
get pneumonia in China every year and there are nearly a billion 
cases worldwide of ‘flu-like symptoms’. These have a whole range of 
causes — including pollution in Wuhan — but no other possibility was 
credibly considered in late 2019 when the world was told there was a 
new and deadly ‘virus’. The global prevalence of pneumonia and 
‘flu-like systems’ gave the Cult networks unlimited potential to re- 
diagnose these other causes as the mythical ‘Covid-19’ and that is 
what they did from the very start. Kaufman revealed how Chinese 
medical and science authorities (all subordinates to the Cult-owned 
communist government) took genetic material from the lungs of 
only a few of the first patients. The material contained their own 
cells, bacteria, fungi and other microorganisms living in their bodies. 
The only way you could prove the existence of the ‘virus’ and its 
responsibility for the alleged ‘Covid-19% was to isolate the virus from 
all the other material — a process also known as ‘purification’ — and 


then follow the postulates sequence developed in the late 19th 
century by German physician and bacteriologist Robert Koch which 
became the ‘gold standard’ for connecting an alleged causation 
agent to a disease: 


1. The microorganism (bacteria, fungus, virus, etc.) must be present in every case of the 
disease and all patients must have the same symptoms. It must also not be present in healthy 
individuals. 


2. The microorganism must be isolated from the host with the disease. If the microorganism 
is a bacteria or fungus it must be grown in a pure culture. If it is a virus, it must be purified 
(i.e. containing no other material except the virus particles) from a clinical sample. 


3. The specific disease, with all of its characteristics, must be reproduced when the 
infectious agent (the purified virus or a pure culture of bacteria or fungi) is inoculated into a 
healthy, susceptible host. 


4. The microorganism must be recoverable from the experimentally infected host as in step 
2; 


Not one of these criteria has been met in the case of ‘SARS-Cov-2’ and 
‘Covid-19’. Not ONE. EVER. Robert Koch refers to bacteria and not 
viruses. What are called ‘viral particles’ are so minute (hence masks 
are useless by any definition) that they could only be seen after the 
invention of the electron microscope in the 1930s and can still only 
be observed through that means. American bacteriologist and 
virologist Thomas Milton Rivers, the so-called ‘Father of Modern 
Virology’ who was very significantly director of the Rockefeller 
Institute for Medical Research in the 1930s, developed a less 
stringent version of Koch’s postulates to identify ‘virus’ causation 
known as ‘Rivers criteria’. ‘Covid’ did not pass that process either. 
Some even doubt whether any ‘virus’ can be isolated from other 
particles containing genetic material in the Koch method. Freedom 
of Information requests in many countries asking for scientific proof 
that the ‘Covid virus’ has been purified and isolated and shown to 
exist have all come back with a ‘we don’t have that’ and when this 
happened with a request to the UK Department of Health they 
added this comment: 


However, outside of the scope of the [Freedom of Information Act] and on a discretionary 
basis, the following information has been advised to us, which may be of interest. Most 
infectious diseases are caused by viruses, bacteria or fungi. Some bacteria or fungi have the 
capacity to grow on their own in isolation, for example in colonies on a petri dish. Viruses are 
different in that they are what we call ‘obligate pathogens’ — that is, they cannot survive or 
reproduce without infecting a host ... 


... For some diseases, it is possible to establish causation between a microorganism and a 
disease by isolating the pathogen from a patient, growing it in pure culture and reintroducing 
it to a healthy organism. These are known as ‘Koch’s postulates’ and were developed in 1882. 
However, as our understanding of disease and different disease-causing agents has advanced, 
these are no longer the method for determining causation [Andrew Kaufman asks why in that 
case are there two published articles falsely claiming to satisfy Koch’s postulates]. 


It has long been known that viral diseases cannot be identified in this way as viruses cannot 
be grown in ‘pure culture’. When a patient is tested for a viral illness, this is normally done by 
looking for the presence of antigens, or viral genetic code in a host with molecular biology 
techniques [Kaufman asks how you could know the origin of these chemicals without having 
a pure culture for comparison]. 


For the record ‘antigens’ are defined so: 


Invading microorganisms have antigens on their surface that the human body can recognise as 
being foreign — meaning not belonging to it. When the body recognises a foreign antigen, 
lymphocytes (white blood cells) produce antibodies, which are complementary in shape to 
the antigen. 


Notwithstanding that this is open to question in relation to ‘SARS- 
Cov-2’ the presence of ‘antibodies’ can have many causes and they 
are found in people that are perfectly well. Kary Mullis said: 
‘Antibodies ... had always been considered evidence of past disease, 
not present disease.’ 


‘Covid really is a computer ‘virus’ 


Where the UK Department of Health statement says ‘viruses’ are 
now ‘diagnosed’ through a ‘viral genetic code in a host with 
molecular biology techniques’, they mean ... the PCR test which its 
inventor said cannot test for infectious disease. They have no 
credible method of connecting a ‘virus’ to a disease and we will see 
that there is no scientific proof that any ‘virus’ causes any disease or 
there is any such thing as a ‘virus’ in the way that it is described. 
Tenacious Canadian researcher Christine Massey and her team made 


some 40 Freedom of Information requests to national public health 
agencies in different countries asking for proof that SARS-CoV-2 has 
been isolated and not one of them could supply that information. 
Massey said of her request in Canada: ‘Freedom of Information 
reveals Public Health Agency of Canada has no record of ‘SARS- 
COV-2’ isolation performed by anyone, anywhere, ever.’ If you 
accept the comment from the UK Department of Health it’s because 
they can’t isolate a ‘virus’. Even so many ‘science’ papers claimed to 
have isolated the ‘Covid virus’ until they were questioned and had 
to admit they hadn’t. A reply from the Robert Koch Institute in 
Germany was typical: ‘I am not aware of a paper which purified 
isolated SARS-CoV-2.’ So what the hell was Christian Drosten and 
his gang using to design the ‘Covid’ testing protocol that has 
produced all the illusory Covid’ cases and ‘Covid’ deaths when the 
head of the Chinese version of the CDC admitted there was a 
problem right from the start in that the ‘virus’ had never been 
isolated/purified? Breathe deeply: What they are calling ‘Covid’ is 
actually created by a computer program i.e. they made it up — er, that’s 
it. They took lung fluid, with many sources of genetic material, from 
one single person alleged to be infected with Covid-19 by a PCR test 
which they claimed, without clear evidence, contained a ‘virus’. They 
used several computer programs to create a model of a theoretical 
virus genome sequence from more than fifty-six million small 
sequences of RNA, each of an unknown source, assembling them 
like a puzzle with no known solution. The computer filled in the 
gaps with sequences from bits in the gene bank to make it look like a 
bat SARS-like coronavirus! A wave of the magic wand and poof, an 
in silico (computer-generated) genome, a scientific fantasy, was 
created. UK health researcher Dr Kevin Corbett made the same point 
with this analogy: 


... It’s like giving you a few bones and saying that’s your fish. It could be any fish. Not even a 
skeleton. Here’s a few fragments of bones. That’s your fish ... It’s all from gene bank and the 
bits of the virus sequence that weren’t there they made up. 


They synthetically created them to fill in the blanks. That’s what genetics is; it’s a code. So it’s 
ABBBCCDDD and you're missing some what you think is EEE so you put it in. It’s all 


synthetic. You just manufacture the bits that are missing. This is the end result of the 
geneticization of virology. This is basically a computer virus. 


Further confirmation came in an email exchange between British 
citizen journalist Frances Leader and the government’s Medicines & 
Healthcare Products Regulatory Agency (the Gates-funded MHRA) 
which gave emergency permission for untested ‘Covid vaccines’ to 
be used. The agency admitted that the ‘vaccine’ is not based on an 
isolated ‘virus’, but comes from a computer-generated model. Frances 
Leader was naturally banned from Cult-owned fascist Twitter for 
making this exchange public. The process of creating computer- 
generated alleged ‘viruses’ is called ‘in silico’ or ‘in silicon’ — 
computer chips — and the term ‘in silico’ is believed to originate with 
biological experiments using only a computer in 1989. ‘Vaccines’ 
involved with ‘Covid’ are also produced ‘in silico’ or by computer 
not a natural process. If the original ‘virus’ is nothing more than a 
made-up computer model how can there be ‘new variants’ of 
something that never existed in the first place? They are not new 
‘variants’; they are new computer models only minutely different to 
the original program and designed to further terrify the population 
into having the ‘vaccine’ and submitting to fascism. You want a “new 
variant’? Click, click, enter — there you go. Tell the medical 
profession that you have discovered a ‘South African variant’, ‘UK 
variants’ or a ‘Brazilian variant’ and in the usual HIV-causes-AIDS 
manner they will unquestioningly repeat it with no evidence 
whatsoever to support these claims. They will go on television and 
warn about the dangers of ‘new variants’ while doing nothing more 
than repeating what they have been told to be true and knowing that 
any deviation from that would be career suicide. Big-time insiders 
will know it’s a hoax, but much of the medical community is clueless 
about the way they are being played and themselves play the public 
without even being aware they are doing so. What an interesting 
‘coincidence’ that AstraZeneca and Oxford University were 
conducting ‘Covid vaccine trials’ in the three countries — the UK, 
South Africa and Brazil — where the first three ‘variants’ were 
claimed to have ‘broken out’. 


Here's your ‘virus — it's a unicorn 

Dr Andrew Kaufman presented a brilliant analysis describing how 
the ‘virus’ was imagined into fake existence when he dissected an 
article published by Nature and written by 19 authors detailing 
alleged ‘sequencing of a complete viral genome’ of the ‘new SARS- 
CoV-2 virus’. This computer-modelled in silico genome was used as a 
template for all subsequent genome sequencing experiments that 
resulted in the so-called variants which he said now number more 
than 6,000. The fake genome was constructed from more than 56 
million individual short strands of RNA. Those little pieces were 
assembled into longer pieces by finding areas of overlapping 
sequences. The computer programs created over two million 
possible combinations from which the authors simply chose the 
longest one. They then compared this to a ‘bat virus’ and the 
computer ‘alignment’ rearranged the sequence and filled in the gaps! 
They called this computer-generated abomination the ‘complete 
genome’. Dr Tom Cowan, a fellow medical author and collaborator 
with Kaufman, said such computer-generation constitutes scientific 
fraud and he makes this superb analogy: 


Here is an equivalency: A group of researchers claim to have found a unicorn because they 
found a piece of a hoof, a hair from a tail, and a snippet of a horn. They then add that 
information into a computer and program it to re-create the unicorn, and they then claim this 
computer re-creation is the real unicorn. Of course, they had never actually seen a unicorn so 
could not possibly have examined its genetic makeup to compare their samples with the 
actual unicorn’s hair, hooves and horn. 


The researchers claim they decided which is the real genome of SARS-CoV-2 by ‘consensus’, 
sort of like a vote. Again, different computer programs will come up with different versions of 
the imaginary ‘unicorn’, so they come together as a group and decide which is the real 
imaginary unicorn. 


This is how the ‘virus’ that has transformed the world was brought 
into fraudulent ‘existence’. Extraordinary, yes, but as the Nazis said 
the bigger the lie the more will believe it. Cowan, however, wasn’t 
finished and he went on to identify what he called the real 
blockbuster in the paper. He quotes this section from a paper written 


by virologists and published by the CDC and then explains what it 
means: 


Therefore, we examined the capacity of SARS-CoV-2 to infect and replicate in several 
common primate and human cell lines, including human adenocarcinoma cells (A549), 
human liver cells (HUH 7.0), and human embryonic kidney cells (HEK-293T). In addition to 
Vero E6 and Vero CCL81 cells. ... Each cell line was inoculated at high multiplicity of 
infection and examined 24h post-infection. 


No CPE was observed in any of the cell lines except in Vero cells, which grew to greater than 
10 to the 7th power at 24 h post-infection. In contrast, HUH 7.0 and 293T showed only 
modest viral replication, and A549 cells were incompatible with SARS CoV-2 infection. 


Cowan explains that when virologists attempt to prove infection 
they have three possible ‘hosts’ or models on which they can test. 
The first was humans. Exposure to humans was generally not done 
for ethical reasons and has never been done with SARS-CoV-2 or any 
coronavirus. The second possible host was animals. Cowan said that 
forgetting for a moment that they never actually use purified virus 
when exposing animals they do use solutions that they claim contain 
the virus. Exposure to animals has been done with SARS-CoV-2 in 
an experiment involving mice and this is what they found: None of 
the wild (normal) mice got sick. In a group of genetically-modified 
mice, a statistically insignificant number lost weight and had slightly 
bristled fur, but they experienced nothing like the illness called 
‘Covid-19’. Cowan said the third method — the one they mostly rely 
on — is to inoculate solutions they say contain the virus onto a variety 
of tissue cultures. This process had never been shown to kill tissue 
unless the sample material was starved of nutrients and poisoned as 
part of the process. Yes, incredibly, in tissue experiments designed to 
show the ‘virus’ is responsible for killing the tissue they starve the 
tissue of nutrients and add toxic drugs including antibiotics and they 
do not have control studies to see if it’s the starvation and poisoning 
that is degrading the tissue rather than the ‘virus’ they allege to be in 
there somewhere. You want me to pinch you? Yep, I understand. 
Tom Cowan said this about the whole nonsensical farce as he 
explains what that quote from the CDC paper really means: 


The shocking thing about the above quote is that using their own methods, the virologists 
found that solutions containing SARS-CoV-2 — even in high amounts — were NOT, | repeat 
NOT, infective to any of the three human tissue cultures they tested. In plain English, this 
means they proved, on their terms, that this ‘new coronavirus’ is not infectious to human 
beings. It is ONLY infective to monkey kidney cells, and only then when you add two potent 
drugs (gentamicin and amphotericin), known to be toxic to kidneys, to the mix. 


My friends, read this again and again. These virologists, published by the CDC, performed a 
clear proof, on their terms, showing that the SARS-CoV-2 virus is harmless to human beings. 
That is the only possible conclusion, but, unfortunately, this result is not even mentioned in 
their conclusion. They simply say they can provide virus stocks cultured only on monkey Vero 
cells, thanks for coming. 


Cowan concluded: ‘If people really understood how this “science” 
was done, I would hope they would storm the gates and demand 
honesty, transparency and truth.’ Dr Michael Yeadon, former Vice 
President and Chief Scientific Adviser at drug giant Pfizer has been a 
vocal critic of the ‘Covid vaccine’ and its potential for multiple harm. 
He said in an interview in April, 2021, that ‘not one [vaccine] has the 
virus. He was asked why vaccines normally using a ‘dead’ version of 
a disease to activate the immune system were not used for ‘Covid’ 
and instead we had the synthetic methods of the ‘mRNA Covid 
vaccine’. Yeadon said that to do the former ‘you’d have to have some 
of [the virus] wouldn’t you?’ He added: “No-one’s got any — 
seriously.’ Yeadon said that surely they couldn’t have fooled the 
whole world for a year without having a virus, ‘but oddly enough 
ask around — no one’s got it’. He didn’t know why with all the ‘great 
labs’ around the world that the virus had not been isolated — ‘Maybe 
they’ve been too busy running bad PCR tests and vaccines that 
people don’t need.’ What is today called ‘science’ is not ‘science’ at 
all. Science is no longer what is, but whatever people can be 
manipulated to believe that it is. Real science has been hijacked by the 
Cult to dispense and produce the ‘expert scientists’ and contentions 
that suit the agenda of the Cult. How big-time this has happened 
with the ‘Covid’ hoax which is entirely based on fake science 
delivered by fake ‘scientists’ and fake ‘doctors’. The human-caused 
climate change hoax is also entirely based on fake science delivered 
by fake ‘scientists’ and fake ‘climate experts’. In both cases real 


scientists, climate experts and doctors have their views suppressed 
and deleted by the Cult-owned science establishment, media and 
Silicon Valley. This is the ‘science’ that politicians claim to be 
‘following’ and a common denominator of ‘Covid’ and climate are 
Cult psychopaths Bill Gates and his mate Klaus Schwab at the Gates- 
funded World Economic Forum. But, don’t worry, it’s all just a 
coincidence and absolutely nothing to worry about. 2zzzzzzz. 


What is a ‘virus’ REALLY? 


Dr Tom Cowan is one of many contesting the very existence of 
viruses let alone that they cause disease. This is understandable 
when there is no scientific evidence for a disease-causing ‘virus’. 
German virologist Dr Stefan Lanka won a landmark case in 2017 in 
the German Supreme Court over his contention that there is no such 
thing as a measles virus. He had offered a big prize for anyone who 
could prove there is and Lanka won his case when someone sought 
to claim the money. There is currently a prize of more than 225,000 
euros on offer from an Isolate Truth Fund for anyone who can prove 
the isolation of SARS-CoV-2 and its genetic substance. Lanka wrote 
in an article headed ‘The Misconception Called Virus’ that scientists 
think a ‘virus’ is causing tissue to become diseased and degraded 
when in fact it is the processes they are using which do that — not a 
‘virus’. Lanka has done an important job in making this point clear 
as Cowan did in his analysis of the CDC paper. Lanka says that all 
claims about viruses as disease-causing pathogens are wrong and 
based on ‘easily recognisable, understandable and verifiable 
misinterpretations.’ Scientists believed they were working with 
‘viruses’ in their laboratories when they were really working with 
‘typical particles of specific dying tissues or cells ...” Lanka said that 
the tissue decaying process claimed to be caused by a ‘virus’ still 
happens when no alleged ‘virus’ is involved. It’s the process that does 
the damage and not a ‘virus’. The genetic sample is deprived of 
nutrients, removed from its energy supply through removal from 
the body and then doused in toxic antibiotics to remove any bacteria. 
He confirms again that establishment scientists do not (pinch me) 


conduct control experiments to see if this is the case and if they did 
they would see the claims that ‘viruses’ are doing the damage is 
nonsense. He adds that during the measles ‘virus’ court case he 
commissioned an independent laboratory to perform just such a 
control experiment and the result was that the tissues and cells died 
in the exact same way as with alleged ‘infected’ material. This is 
supported by a gathering number of scientists, doctors and 
researchers who reject what is called ‘germ theory’ or the belief in 
the body being infected by contagious sources emitted by other 
people. Researchers Dawn Lester and David Parker take the same 
stance in their highly-detailed and sourced book What Really Makes 
You Ill — Why everything you thought you knew about disease is wrong 
which was recommended to me by a number of medical 
professionals genuinely seeking the truth. Lester and Parker say 
there is no provable scientific evidence to show that a ‘virus’ can be 
transmitted between people or people and animals or animals and 
people: 


The definition also claims that viruses are the cause of many diseases, as if this has been 
definitively proven. But this is not the case; there is no original scientific evidence that 
definitively demonstrates that any virus is the cause of any disease. The burden of proof for 
any theory lies with those who proposed it; but none of the existing documents provides 
‘proof’ that supports the claim that ‘viruses’ are pathogens. 


Dr Tom Cowan employs one of his clever analogies to describe the 
process by which a ‘virus’ is named as the culprit for a disease when 
what is called a ‘virus’ is only material released by cells detoxing 
themselves from infiltration by chemical or radiation poisoning. The 
tidal wave of technologically-generated radiation in the ‘smart’ 
modern world plus all the toxic food and drink are causing this to 
happen more than ever. Deluded ‘scientists’ misread this as a 
gathering impact of what they wrongly label ‘viruses’. 


Paper can infect houses 


Cowan said in an article for davidicke.com — with his tongue only 
mildly in his cheek — that he believed he had made a tremendous 


discovery that may revolutionise science. He had discovered that 
small bits of paper are alive, ‘well alive-ish’, can ‘infect’ houses, and 
then reproduce themselves inside the house. The result was that this 
explosion of growth in the paper inside the house causes the house 
to explode, blowing it to smithereens. His evidence for this new 
theory is that in the past months he had carefully examined many of 
the houses in his neighbourhood and found almost no scraps of 
paper on the lawns and surrounds of the house. There was an 
occasional stray label, but nothing more. Then he would return to 
these same houses a week or so later and with a few, not all of them, 
particularly the old and decrepit ones, he found to his shock and 
surprise they were littered with stray bits of paper. He knew then 
that the paper had infected these houses, made copies of itself, and 
blew up the house. A young boy on a bicycle at one of the sites told 
him he had seen a demolition crew using dynamite to explode the 
house the previous week, but Cowan dismissed this as the idle 
thoughts of silly boys because ‘I was on to something big’. He was 
on to how ‘scientists’ mistake genetic material in the detoxifying 
process for something they call a ‘virus’. Cowan said of his house 
and paper story: 


If this sounds crazy to you, it’s because it should. This scenario is obviously nuts. But consider 
this admittedly embellished, for effect, current viral theory that all scientists, medical doctors 
and virologists currently believe. 


He takes the example of the ‘novel SARS-Cov2’ virus to prove the 
point. First they take someone with an undefined illness called 
‘Covid-19’ and don’t even attempt to find any virus in their sputum. 
Never mind the scientists still describe how this ‘virus’, which they 
have not located attaches to a cell receptor, injects its genetic 
material, in ‘Covid’s’ case, RNA, into the cell. The RNA once inserted 
exploits the cell to reproduce itself and makes ‘thousands, nay 
millions, of copies of itself ... Then it emerges victorious to claim its 
next victim’: 


If you were to look in the scientific literature for proof, actual scientific proof, that uniform 
SARS-CoV2 viruses have been properly isolated from the sputum of a sick person, that actual 
spike proteins could be seen protruding from the virus (which has not been found), you would 
find that such evidence doesn’t exist. 


If you go looking in the published scientific literature for actual pictures, proof, that these 
spike proteins or any viral proteins are ever attached to any receptor embedded in any cell 
membrane, you would also find that no such evidence exists. If you were to look for a video 
or documented evidence of the intact virus injecting its genetic material into the body of the 
cell, reproducing itself and then emerging victorious by budding off the cell membrane, you 
would find that no such evidence exists. 


The closest thing you would find is electron micrograph pictures of cellular particles, possibly 
attached to cell debris, both of which to be seen were stained by heavy metals, a process that 
completely distorts their architecture within the living organism. This is like finding bits of 
paper stuck to the blown-up bricks, thereby proving the paper emerged by taking pieces of the 
bricks on its way out. 


The Enders baloney 


Cowan describes the ‘Covid’ story as being just as make-believe as 
his paper story and he charts back this fantasy to a Nobel Prize 
winner called John Enders (1897-1985), an American biomedical 
scientist who has been dubbed ‘The Father of Modern Vaccines’. 
Enders is claimed to have ‘discovered’ the process of the viral 
culture which ‘proved’ that a ‘virus’ caused measles. Cowan 
explains how Enders did this ‘by using the EXACT same procedure 
that has been followed by every virologist to find and characterize 
every new virus since 1954’. Enders took throat swabs from children 
with measles and immersed them in 2ml of milk. Penicillin (100u/ml) 
and the antibiotic streptomycin (50,g/ml) were added and the whole 
mix was centrifuged — rotated at high speed to separate large cellular 
debris from small particles and molecules as with milk and cream, 
for example. Cowan says that if the aim is to find little particles of 
genetic material (‘viruses’) in the snot from children with measles it 
would seem that the last thing you would do is mix the snot with 
other material — milk -that also has genetic material. ‘How are you 
ever going to know whether whatever you found came from the snot 
or the milk?’ He points out that streptomycin is a ‘nephrotoxic’ or 
poisonous-to-the-kidney drug. You will see the relevance of that 


shortly. Cowan says that it gets worse, much worse, when Enders 
describes the culture medium upon which the virus ‘grows’: ‘The 
culture medium consisted of bovine amniotic fluid (90%), beef 
embryo extract (5%), horse serum (5%), antibiotics and phenol red as 
an indicator of cell metabolism.’ Cowan asks incredulously: ‘Did he 
just say that the culture medium also contained fluids and tissues 
that are themselves rich sources of genetic material?’ The genetic 
cocktail, or ‘medium’, is inoculated onto tissue and cells from rhesus 
monkey kidney tissue. This is where the importance of streptomycin 
comes in and currently-used antimicrobials and other drugs that are 
poisonous to kidneys and used in ALL modern viral cultures (e.g. 
gentamicin, streptomycin, and amphotericin). Cowan asks: ‘How are 
you ever going to know from this witch’s brew where any genetic 
material comes from as we now have five different sources of rich 
genetic material in our mix?’ Remember, he says, that all genetic 
material, whether from monkey kidney tissues, bovine serum, milk, 
etc., is made from the exact same components. The same central 
question returns: ‘How are you possibly going to know that it was 
the virus that killed the kidney tissue and not the toxic antibiotic and 
starvation rations on which you are growing the tissue?’ John Enders 
answered the question himself — you can't: 


A second agent was obtained from an uninoculated culture of monkey kidney cells. The 
cytopathic changes [death of the cells] it induced in the unstained preparations could not be 
distinguished with confidence from the viruses isolated from measles. 


The death of the cells (‘cytopathic changes’) happened in exactly 
the same manner, whether they inoculated the kidney tissue with the 
measles snot or not, Cowan says. ‘This is evidence that the 
destruction of the tissue, the very proof of viral causation of illness, 
was not caused by anything in the snot because they saw the same 
destructive effect when the snot was not even used ... the cytopathic, 
ie., cell-killing, changes come from the process of the culture itself, 
not from any virus in any snot, period.’ Enders quotes in his 1957 
paper a virologist called Ruckle as reporting similar findings ‘and in 
addition has isolated an agent from monkey kidney tissue that is so 


far indistinguishable from human measles virus’. In other words, 
Cowan says, these particles called ‘measles viruses’ are simply and 
clearly breakdown products of the starved and poisoned tissue. For 
measles ‘virus’ see all ‘viruses’ including the so-called ‘Covid virus’. 
Enders, the ‘Father of Modern Vaccines’, also said: 


There is a potential risk in employing cultures of primate cells for the production of vaccines 
composed of attenuated virus, since the presence of other agents possibly latent in primate 
tissues cannot be definitely excluded by any known method. 


Cowan further quotes from a paper published in the journal 
Viruses in May, 2020, while the ‘Covid pandemic’ was well 
underway in the media if not in reality. ‘EVs’ here refers to particles 
of genetic debris from our own tissues, such as exosomes of which 
more in a moment: ‘The remarkable resemblance between EVs and 
viruses has caused quite a few problems in the studies focused on 
the analysis of EVs released during viral infections.’ Later the paper 
adds that to date a reliable method that can actually guarantee a 
complete separation (of EVs from viruses) DOES NOT EXIST. This 
was published at a time when a fairy tale ‘virus’ was claimed in total 
certainty to be causing a fairy tale ‘viral disease’ called ‘Covid-19’ —a 
fairy tale that was already well on the way to transforming human 
society in the image that the Cult has worked to achieve for so long. 
Cowan concludes his article: 


To summarize, there is no scientific evidence that pathogenic viruses exist. What we think of 
as ‘viruses’ are simply the normal breakdown products of dead and dying tissues and cells. 
When we are well, we make fewer of these particles; when we are starved, poisoned, 
suffocated by wearing masks, or afraid, we make more. 


There is no engineered virus circulating and making people sick. People in laboratories all 
over the world are making genetically modified products to make people sick. These are 
called vaccines. There is no virome, no ‘ecosystem’ of viruses, viruses are not 8%, 50% or 
100 % of our genetic material. These are all simply erroneous ideas based on the 
misconception called a virus. 


Whatis ‘Covid’? Load of bollocks 


The background described here by Cowan and Lanka was 
emphasised in the first video presentation that Isaw by Dr Andrew 
Kaufman when he asked whether the ‘Covid virus’ was in truth a 
natural defence mechanism of the body called ‘exosomes’. These are 
released by cells when in states of toxicity — see the same themes 
returning over and over. They are released ever more profusely as 
chemical and radiation toxicity increases and think of the potential 
effect therefore of 5G alone as its destructive frequencies infest the 
human energetic information field with a gathering pace (5G went 
online in Wuhan in 2019 as the ‘virus’ emerged). I’ll have more about 
this later. Exosomes transmit a warning to the rest of the body that 
‘Houston, we have a problem’. Kaufman presented images of 
exosomes and compared them with ‘Covid’ under an electron 
microscope and the similarity was remarkable. They both attach to 
the same cell receptors (claimed in the case of ‘Covid’), contain the 
same genetic material in the form of RNA or ribonucleic acid, and 
both are found in ‘viral cell cultures’ with damaged or dying cells. 
James Hildreth MD, President and Chief Executive Officer of the 
Meharry Medical College at Johns Hopkins, said: “The virus is fully 
an exosome in every sense of the word.’ Kaufman’s conclusion was 
that there is no ‘virus’: ‘This entire pandemic is a completely 
manufactured crisis ... there is no evidence of anyone dying from 
[this] illness.’ Dr Tom Cowan and Sally Fallon Morell, authors of The 
Contagion Myth, published a statement with Dr Kaufman in 
February, 2021, explaining why the ‘virus’ does not exist and you can 
read it that in full in the Appendix. 


‘Virus’ theory can be traced to the ‘cell theory’ in 1858 of German 
physician Rudolf Virchow (1821-1920) who contended that disease 
originates from a single cell infiltrated by a ‘virus’. Dr Stefan Lanka 
said that findings and insights with respect to the structure, function 
and central importance of tissues in the creation of life, which were 
already known in 1858, comprehensively refute the cell theory. 
Virchow ignored them. We have seen the part later played by John 
Enders in the 1950s and Lanka notes that infection theories were 
only established as a global dogma through the policies and 


eugenics of the Third Reich in Nazi Germany (creation of the same 
Sabbatian cult behind the ‘Covid’ hoax). Lanka said: ‘Before 1933, 
scientists dared to contradict this theory; after 1933, these critical 
scientists were silenced’. Dr Tom Cowan’s view is that ill-heath is 
caused by too much of something, too little of something, or 
toxification from chemicals and radiation — not contagion. We must 
also highlight as a major source of the ‘virus’ theology a man still 
called the ‘Father of Modern Virology’ — Thomas Milton Rivers 
(1888-1962). There is no way given the Cult’s long game policy that it 
was a coincidence for the ‘Father of Modern Virology’ to be director 
of the Rockefeller Institute for Medical Research from 1937 to 1956 
when he is credited with making the Rockefeller Institute a leader in 
‘viral research’. Cult Rockefellers were the force behind the creation 
of Big Pharma ‘medicine’, established the World Health 
Organisation in 1948, and have long and close associations with the 
Gates family that now runs the WHO during the pandemic hoax 
through mega-rich Cult gofer and psychopath Bill Gates. 

Only a Renegade Mind can see through all this bullshit by asking 
the questions that need to be answered, not taking ‘no’ or 
prevarication for an answer, and certainly not hiding from the truth 
in fear of speaking it. Renegade Minds have always changed the 
world for the better and they will change this one no matter how 
bleak it may currently appear to be. 


CHAPTER SIX 
Sequence of deceit 


If you tell the truth, you don’t have to remember anything 
Mark Twain 


gainst the background that I have laid out this far the sequence 

that took us from an invented ‘virus’ in Cult-owned China in 
late 2019 to the fascist transformation of human society can be seen 
and understood in a whole new context. 


We were told that a deadly disease had broken out in Wuhan and 
the world media began its campaign (coordinated by behavioural 
psychologists as we shall see) to terrify the population into 
unquestioning compliance. We were shown images of Chinese 
people collapsing in the street which never happened in the West 
with what was supposed to be the same condition. In the earliest 
days when alleged cases and deaths were few the fear register was 
hysterical in many areas of the media and this would expand into 
the common media narrative across the world. The real story was 
rather different, but we were never told that. The Chinese 
government, one of the Cult’s biggest centres of global operation, 
said they had discovered a new illness with flu-like and pneumonia- 
type symptoms in a city with such toxic air that it is overwhelmed 
with flu-like symptoms, pneumonia and respiratory disease. Chinese 
scientists said it was a new — ‘novel’ — coronavirus which they called 
Sars-Cov-2 and that it caused a disease they labelled ‘Covid-19’. 
There was no evidence for this and the ‘virus’ has never to this day 
been isolated, purified and its genetic code established from that. It 


was from the beginning a computer-generated fiction. Stories of 
Chinese whistleblowers saying the number of deaths was being 
supressed or that the ‘new disease’ was related to the Wuhan bio-lab 
misdirected mainstream and alternative media into cul-de-sacs to 
obscure the real truth — there was no ‘virus’. 


Chinese scientists took genetic material from the lung fluid of just 
a few people and said they had found a ‘new’ disease when this 
material had a wide range of content. There was no evidence for a 
‘virus’ for the very reasons explained in the last two chapters. The 
‘virus’ has never been shown to (a) exist and (b) cause any disease. 
People were diagnosed on symptoms that are so widespread in 
Wuhan and polluted China and with a PCR test that can’t detect 
infectious disease. On this farce the whole global scam was sold to 
the rest of the world which would also diagnose respiratory disease 
as ‘Covid-19’ from symptoms alone or with a PCR test not testing for 
a ‘virus’. Flu miraculously disappeared worldwide in 2020 and into 
2021 as it was redesignated ‘Covid-19’. It was really the same old flu 
with its ‘flu-like’ symptoms attributed to ‘flu-like’ ‘Covid-19’. At the 
same time with very few exceptions the Chinese response of 
draconian lockdown and fascism was the chosen weapon to respond 
across the West as recommended by the Cult-owned Tedros at the 
Cult-owned World Health Organization run by the Cult-owned 
Gates. All was going according to plan. Chinese scientists — 
everything in China is controlled by the Cult-owned government — 
compared their contaminated RNA lung-fluid material with other 
RNA sequences and said it appeared to be just under 80 percent 
identical to the SARS-CoV-1 ‘virus’ claimed to be the cause of the 
SARS (severe acute respiratory syndrome) ‘outbreak’ in 2003. They 
decreed that because of this the ‘new virus’ had to be related and 
they called it SARS-CoV-2. There are some serious problems with 
this assumption and assumption was all it was. Most ‘factual’ science 
turns out to be assumptions repeated into everyone-knows-that. A 
match of under 80-percent is meaningless. Dr Kaufman makes the 
point that there’s a 96 percent genetic correlation between humans 
and chimpanzees, but ‘no one would say our genetic material is part 


of the chimpanzee family’. Yet the Chinese authorities were claiming 
that a much lower percentage, less than 80 percent, proved the 
existence of a new ‘coronavirus’. For goodness sake human DNA is 
60 percent similar to a banana. 


You are feeling sleepy 

The entire ‘Covid’ hoax is a global Psyop, a psychological operation 
to program the human mind into believing and fearing a complete 
fantasy. A crucial aspect of this was what appeared to happen in Italy. 
It was all very well streaming out daily images of an alleged 
catastrophe in Wuhan, but to the Western mind it was still on the 
other side of the world in a very different culture and setting. A 
reaction of ‘this could happen to me and my family’ was still nothing 
like as intense enough for the mind-doctors. The Cult needed a 
Western example to push people over that edge and it chose Italy, 
one of its major global locations going back to the Roman Empire. 
An Italian ‘Covid’ crisis was manufactured in a particular area called 
Lombardy which just happens to be notorious for its toxic air and 
therefore respiratory disease. Wuhan, China, déja vu. An hysterical 
media told horror stories of Italians dying from ‘Covid’ in their 
droves and how Lombardy hospitals were being overrun by a tidal 
wave of desperately ill people needing treatment after being struck 
down by the ‘deadly virus’. Here was the psychological turning 
point the Cult had planned. Wow, if this is happening in Italy, the 
Western mind concluded, this indeed could happen to me and my 
family. Another point is that Italian authorities responded by 
following the Chinese blueprint so vehemently recommended by the 
Cult-owned World Health Organization. They imposed fascistic 
lockdowns on the whole country viciously policed with the help of 
surveillance drones sweeping through the streets seeking out anyone 
who escaped from mass house arrest. Livelihoods were destroyed 
and psychology unravelled in the way we have witnessed since in all 
lockdown countries. Crucial to the plan was that Italy responded in 
this way to set the precedent of suspending freedom and imposing 
fascism in a “Western liberal democracy’. I emphasised in an 


animated video explanation on davidicke.com posted in the summer 
of 2020 how important it was to the Cult to expand the Chinese 
lockdown model across the West. Without this, and the bare-faced lie 
that non-symptomatic people could still transmit a ‘disease’ they 
didn’t have, there was no way locking down the whole population, 
sick and not sick, could be pulled off. At just the right time and with 
no evidence Cult operatives and gofers claimed that people without 
symptoms could pass on the ‘disease’. In the name of protecting the 
‘vulnerable’ like elderly people, who lockdowns would kill by the 
tens of thousands, we had for the first time healthy people told to 
isolate as well as the sick. The great majority of people who tested 
positive had no symptoms because there was nothing wrong with 
them. It was just a trick made possible by a test not testing for the 
‘virus’. 

Months after my animated video the Gates-funded Professor Neil 
Ferguson at the Gates-funded Imperial College confirmed that I was 
right. He didn’t say it in those terms, naturally, but he did say it. 
Ferguson will enter the story shortly for his outrageously crazy 
‘computer models’ that led to Britain, the United States and many 
other countries following the Chinese and now Italian methods of 
response. Put another way, following the Cult script. Ferguson said 
that SAGE, the UK government's scientific advisory group which has 
controlled ‘Covid’ policy from the start, wanted to follow the 
Chinese lockdown model (while they all continued to work and be 
paid), but they wondered if they could possibly, in Ferguson’s 
words, ‘get away with it in Europe’. ‘Get away with it’? Who the hell 
do these moronic, arrogant people think they are? This appalling 
man Ferguson said that once Italy went into national lockdown they 
realised they, too, could mimic China: 


It’s a communist one-party state, we said. We couldn’t get away with it in Europe, we thought 
... and then Italy did it. And we realised we could. Behind this garbage from Ferguson is a 
simple fact: Doing the same as China in every country was the plan from the start and 
Ferguson’s ‘models’ would play a central role in achieving that. It’s just a coincidence, of 
course, and absolutely nothing to worry your little head about. 


Oops, sorry, our mistake 

Once the Italian segment of the Psyop had done the job it was 
designed to do a very different story emerged. Italian authorities 
revealed that 99 percent of those who had ‘died from Covid-19’ in 
Italy had one, two, three, or more ‘co-morbidities’ or illnesses and 
health problems that could have ended their life. The US Centers for 
Disease Control and Prevention (CDC) published a figure of 94 
percent for Americans dying of ‘Covid’ while having other serious 
medical conditions — on average two to three (some five or six) other 
potential causes of death. In terms of death from an unproven ‘virus’ 
I say it is 100 percent. The other one percent in Italy and six percent 
in the US would presumably have died from ‘Covid’s’ flu-like 
symptoms with a range of other possible causes in conjunction with 
a test not testing for the ‘virus’. Fox News reported that even more 
startling figures had emerged in one US county in which 410 of 422 
deaths attributed to ‘Covid-19 had other potentially deadly health 
conditions. The Italian National Health Institute said later that the 
average age of people dying with a ‘Covid-19% diagnosis in Italy was 
about 81. Ninety percent were over 70 with ten percent over 90. In 
terms of other reasons to die some 80 percent had two or more 
chronic diseases with half having three or more including 
cardiovascular problems, diabetes, respiratory problems and cancer. 
Why is the phantom ‘Covid-19’ said to kill overwhelmingly old 
people and hardly affect the young? Old people continually die of 
many causes and especially respiratory disease which you can re- 
diagnose ‘Covid-19’ while young people die in tiny numbers by 
comparison and rarely of respiratory disease. Old people ‘die of 
Covid’ because they die of other things that can be redesignated 
‘Covid’ and it really is that simple. 


Flu has flown 

The blueprint was in place. Get your illusory ‘cases’ from a test not 
testing for the ‘virus’ and redesignate other causes of death as 
‘Covid-19’. You have an instant ‘pandemic’ from something that is 
nothing more than a computer-generated fiction. With near-on a 


billion people having ‘flu-like’ symptoms every year the potential 
was limitless and we can see why flu quickly and apparently 
miraculously disappeared worldwide by being diagnosed ‘Covid-19’. 
The painfully bloody obvious was explained away by the childlike 
media in headlines like this in the UK ‘Independent’: ‘Not a single 
case of flu detected by Public Health England this year as Covid 
restrictions suppress virus’. I kid you not. The masking, social 
distancing and house arrest that did not make the ‘Covid virus’ 
disappear somehow did so with the “flu virus’. Even worse the 
article, by a bloke called Samuel Lovett, suggested that maybe the 
masking, sanitising and other ‘Covid’ measures should continue to 
keep the flu away. With a ridiculousness that disturbs your breathing 
(it’s ‘Covid-19’) the said Lovett wrote: ‘With widespread social 
distancing and mask-wearing measures in place throughout the UK, 
the usual routes of transmission for influenza have been blocked.’ 
He had absolutely no evidence to support that statement, but look at 
the consequences of him acknowledging the obvious. With flu not 
disappearing at all and only being relabelled “‘Covid-19 he would 
have to contemplate that “Covid’ was a hoax on a scale that is hard to 
imagine. You need guts and commitment to truth to even go there 
and that’s clearly something Samuel Lovett does not have in 
abundance. He would never have got it through the editors anyway. 


Tens of thousands die in the United States alone every winter from 
flu including many with pneumonia complications. CDC figures 
record 45 million Americans diagnosed with flu in 2017-2018 of 
which 61,000 died and some reports claim 80,000. Where was the 
same hysteria then that we have seen with ‘Covid-19’? Some 250,000 
Americans are admitted to hospital with pneumonia every year with 
about 50,000 cases proving fatal. About 65 million suffer respiratory 
disease every year and three million deaths makes this the third 
biggest cause of death worldwide. You only have to redesignate a 
portion of all these people ‘Covid-19’ and you have an instant global 
pandemic or the appearance of one. Why would doctors do this? They 
are told to do this and all but a few dare not refuse those who must 
be obeyed. Doctors in general are not researching their own 


knowledge and instead take it direct and unquestioned from the 
authorities that own them and their careers. The authorities say they 
must now diagnose these symptoms ‘Covid-19’ and not flu, or 
whatever, and they do it. Dark suits say put ‘Covid-19’ on death 
certificates no matter what the cause of death and the doctors do it. 
Renegade Minds don’t fall for the illusion that doctors and medical 
staff are all highly-intelligent, highly-principled, seekers of medical 
truth. Some are, but not the majority. They are repeaters, gofers, and 
yes sir, no sir, purveyors of what the system demands they purvey. 
The ‘Covid’ con is not merely confined to diseases of the lungs. 
Instructions to doctors to put ‘Covid-19’ on death certificates for 
anyone dying of anything within 28 days (or much more) of a 
positive test not testing for the ‘virus’ opened the floodgates. The 
term dying with ‘Covid’ and not of ‘Covid’ was coined to cover the 
truth. Whether it was a with or an of they were all added to the death 
numbers attributed to the ‘deadly virus’ compiled by national 
governments and globally by the Gates-funded Johns Hopkins 
operation in the United States that was so involved in those 
‘pandemic’ simulations. Fraudulent deaths were added to the ever- 
growing list of fraudulent ‘cases’ from false positives from a false 
test. No wonder Professor Walter Ricciardi, scientific advisor to the 
Italian minister of health, said after the Lombardy hysteria had done 
its job that ‘Covid’ death rates were due to Italy having the second 
oldest population in the world and to how hospitals record deaths: 


The way in which we code deaths in our country is very generous in the sense that all the 
people who die in hospitals with the coronavirus are deemed to be dying of the coronavirus. 
On re-evaluation by the National Institute of Health, only 12 per cent of death certificates 
have shown a direct causality from coronavirus, while 88 per cent of patients who have died 
have at least one pre-morbidity — many had two or three. 


This is extraordinary enough when you consider the propaganda 
campaign to use Italy to terrify the world, but how can they even say 
twelve percent were genuine when the ‘virus’ has not been shown to 
exist, its ‘code’ is a computer program, and diagnosis comes from a 
test not testing for it? As in China, and soon the world, ‘Covid-19’ in 


Italy was a redesignation of diagnosis. Lies and corruption were to 
become the real ‘pandemic’ fuelled by a pathetically-compliant 
medical system taking its orders from the tiny few at the top of their 
national hierarchy who answered to the World Health Organization 
which answers to Gates and the Cult. Doctors were told — ordered — 
to diagnose a particular set of symptoms ‘Covid-19 and put that on 
the death certificate for any cause of death if the patient had tested 
positive with a test not testing for the virus or had ‘Covid’ symptoms 
like the flu. The United States even introduced big financial 
incentives to manipulate the figures with hospitals receiving £4,600 
from the Medicare system for diagnosing someone with regular 
pneumonia, $13,000 if they made the diagnosis from the same 
symptoms ‘Covid-1% pneumonia, and $39, 000 if they put a ‘Covid’ 
diagnosed patient on a ventilator that would almost certainly kill 
them. A few — painfully and pathetically few — medical 
whistleblowers revealed (before Cult-owned YouTube deleted their 
videos) that they had been instructed to ‘let the patient crash’ and 
put them straight on a ventilator instead of going through a series of 
far less intrusive and dangerous methods as they would have done 
before the pandemic hoax began and the financial incentives kicked 
in. We are talking cold-blooded murder given that ventilators are so 
damaging to respiratory systems they are usually the last step before 
heaven awaits. Renegade Minds never fall for the belief that people 
in white coats are all angels of mercy and cannot be full-on 
psychopaths. I have explained in detail in The Answer how what I am 
describing here played out across the world coordinated by the 
World Health Organization through the medical hierarchies in 
almost every country. 


Medical scientist calls it 

Information about the non-existence of the ‘virus’ began to emerge 
for me in late March, 2020, and mushroomed after that. I was sent an 
email by Sir Julian Rose, a writer, researcher, and organic farming 
promotor, from a medical scientist friend of his in the United States. 
Even at that early stage in March the scientist was able to explain 


how the ‘Covid’ hoax was being manipulated. He said there were no 
reliable tests for a specific ‘Covid-19 virus’ and nor were there any 
reliable agencies or media outlets for reporting numbers of actual 
‘Covid-19’ cases. We have seen in the long period since then that he 
was absolutely right. ‘Every action and reaction to Covid-19 is based 
on totally flawed data and we simply cannot make accurate 
assessments,’ he said. Most people diagnosed with ‘Covid-19 were 
showing nothing more than cold and flu-like symptoms ‘because 
most coronavirus strains are nothing more than cold/flu-like 
symptoms’. We had farcical situations like an 84-year-old German 
man testing positive for ‘Covid-19’ and his nursing home ordered to 
quarantine only for him to be found to have a common cold. The 
scientist described back then why PCR tests and what he called the 
‘Mickey Mouse test kits’ were useless for what they were claimed to 
be identifying. “The idea these kits can isolate a specific virus like 
Covid-19 is nonsense,’ he said. Significantly, he pointed out that ‘if 
you want to create a totally false panic about a totally false pandemic 
— pick a coronavirus’. This is exactly what the Cult-owned Gates, 
World Economic Forum and Johns Hopkins University did with 
their Event 201 ‘simulation’ followed by their real-life simulation 
called the ‘pandemic’. The scientist said that all you had to do was 
select the sickest of people with respiratory-type diseases in a single 
location — ‘say Wuhan’ — and administer PCR tests to them. You can 
then claim that anyone showing ‘viral sequences’ similar to a 
coronavirus ‘which will inevitably be quite a few’ is suffering from a 
‘new’ disease: 


Since you already selected the sickest flu cases a fairly high proportion of your sample will go 
on to die. You can then say this ‘new’ virus has a CFR [case fatality rate] higher than the flu 
and use this to infuse more concern and do more tests which will of course produce more 
‘cases’, which expands the testing, which produces yet more ‘cases’ and so on and so on. 
Before long you have your ‘pandemic’, and all you have done is use a simple test kit trick to 
convert the worst flu and pneumonia cases into something new that doesn’t ACTUALLY EXIST 
[my emphasis]. 


He said that you then ‘just run the same scam in other countries’ 
and make sure to keep the fear message running high ‘so that people 


will feel panicky and less able to think critically’. The only problem 
to overcome was the fact there is no actual new deadly pathogen and 
only regular sick people. This meant that deaths from the ‘new 
deadly pathogen’ were going to be way too low for a real new 
deadly virus pandemic, but he said this could be overcome in the 
following ways — all of which would go on to happen: 


1. You can claim this is just the beginning and more deaths are imminent [you underpin this 
with fantasy ‘computer projections’]. Use this as an excuse to quarantine everyone and then 
claim the quarantine prevented the expected millions of dead. 


2. You can [say that people] ‘minimizing’ the dangers are irresponsible and bully them into 
not talking about numbers. 


3. You can talk crap about made up numbers hoping to blind people with pseudoscience. 


4. You can start testing well people (who, of course, will also likely have shreds of 
coronavirus [RNA] in them) and thus inflate your ‘case figures’ with ‘asymptomatic 
carriers’ (you will of course have to spin that to sound deadly even though any virologist 
knows the more symptom-less cases you have the less deadly is your pathogen). 


The scientist said that if you take these simple steps “you can have 
your own entirely manufactured pandemic up and running in 
weeks’. His analysis made so early in the hoax was brilliantly 
prophetic of what would actually unfold. Pulling all the information 
together in these recent chapters we have this is simple 1, 2, 3, of 
how you can delude virtually the entire human population into 
believing in a ‘virus’ that doesn’t exist: 


e A ‘Covid case’ is someone who tests positive with a test not 
testing for the ‘virus’. 


¢ A ‘Covid death’ is someone who dies of any cause within 28 days 
(or much longer) of testing positive with a test not testing for the 
‘virus. 


e Asymptomatic means there is nothing wrong with you, but they 
claim you can pass on what you don’t have to justify locking 


down (quarantining) healthy people in totality. 


The foundations of the hoax are that simple. A study involving ten 
million people in Wuhan, published in November, 2020, demolished 
the whole lie about those without symptoms passing on the ‘virus’. 
They found ‘300 asymptomatic cases’ and traced their contacts to 
find that not one of them was detected with the ‘virus’. 
‘Asymptomatic’ patients and their contacts were isolated for no less 
than two weeks and nothing changed. I know it’s all crap, but if you 
are going to claim that those without symptoms can transmit ‘the 
virus’ then you must produce evidence for that and they never have. 
Even World Health Organization official Dr Maria Van Kerkhove, 
head of the emerging diseases and zoonosis unit, said as early as 
June, 2020, that she doubted the validity of asymptomatic 
transmission. She said that ‘from the data we have, it still seems to 
be rare that an asymptomatic person actually transmits onward to a 
secondary individual’ and by ‘rare’ she meant that she couldn’t cite 
any case of asymptomatic transmission. 


The Ferguson factor 

The problem for the Cult as it headed into March, 2020, when the 
script had lockdown due to start, was that despite all the 
manipulation of the case and death figures they still did not have 
enough people alleged to have died from ‘Covid’ to justify mass 
house arrest. This was overcome in the way the scientist described: 
‘You can claim this is just the beginning and more deaths are 
imminent ... Use this as an excuse to quarantine everyone and then 
claim the quarantine prevented the expected millions of dead.’ Enter 
one Professor Neil Ferguson, the Gates-funded ‘epidemiologist’ at 
the Gates-funded Imperial College in London. Ferguson is Britain’s 
Christian Drosten in that he has a dire record of predicting health 
outcomes, but is still called upon to advise government on the next 
health outcome when another ‘crisis’ comes along. This may seem to 
be a strange and ridiculous thing to do. Why would you keep 
turning for policy guidance to people who have a history of being 


monumentally wrong? Ah, but it makes sense from the Cult point of 
view. These ‘experts’ keep on producing predictions that suit the 
Cult agenda for societal transformation and so it was with Neil 
Ferguson as he revealed his horrific (and clearly insane) computer 
model predictions that allowed lockdowns to be imposed in Britain, 
the United States and many other countries. Ferguson does not have 
even an A-level in biology and would appear to have no formal 
training in computer modelling, medicine or epidemiology, 
according to Derek Winton, an MSc in Computational Intelligence. 
He wrote an article somewhat aghast at what Ferguson did which 
included taking no account of respiratory disease ‘seasonality’ which 
means it is far worse in the winter months. Who would have thought 
that respiratory disease could be worse in the winter? Well, certainly 
not Ferguson. 


The massively China-connected Imperial College and its bizarre 
professor provided the excuse for the long-incubated Chinese model 
of human control to travel westward at lightning speed. Imperial 
College confirms on its website that it collaborates with the Chinese 
Research Institute; publishes more than 600 research papers every 
year with Chinese research institutions; has 225 Chinese staff; 2,600 
Chinese students — the biggest international group; 7,000 former 
students living in China which is the largest group outside the UK; 
and was selected for a tour by China’s President Xi Jinping during 
his state visit to the UK in 2015. The college takes major donations 
from China and describes itself as the UK’s number one university 
collaborator with Chinese research institutions. The China 
communist/fascist government did not appear phased by the woeful 
predictions of Ferguson and Imperial when during the lockdown 
that Ferguson induced the college signed a five-year collaboration 
deal with China tech giant Huawei that will have Huawei’s indoor 
5G network equipment installed at the college’s West London tech 
campus along with an ‘AI cloud platform’. The deal includes Chinese 
sponsorship of Imperial’s Venture Catalyst entrepreneurship 
competition. Imperial is an example of the enormous influence the 
Chinese government has within British and North American 


universities and research centres — and further afield. Up to 200 
academics from more than a dozen UK universities are being 
investigated on suspicion of ‘unintentionally’ helping the Chinese 
government build weapons of mass destruction by ‘transferring 
world-leading research in advanced military technology such as 
aircraft, missile designs and cyberweapons’. Similar scandals have 
broken in the United States, but it’s all a coincidence. Imperial 
College serves the agenda in many other ways including the 
promotion of every aspect of the United Nations Agenda 21/2030 
(the Great Reset) and produced computer models to show that 
human-caused ‘climate change’ is happening when in the real world 
it isn’t. Imperial College is driving the climate agenda as it drives the 
‘Covid’ agenda (both Cult hoaxes) while Patrick Vallance, the UK 
government’s Chief Scientific Adviser on ‘Covid’, was named Chief 
Scientific Adviser to the UN ‘climate change’ conference known as 
COP26 hosted by the government in Glasgow, Scotland. ‘Covid’ and 
‘climate’ are fundamentally connected. 


Professor Woetul 

From Imperial’s bosom came Neil Ferguson still advising 
government despite his previous disasters and it was announced 
early on that he and other key people like UK Chief Medical Adviser 
Chris Whitty had caught the ‘virus’ as the propaganda story was 
being sold. Somehow they managed to survive and we had Prime 
Minister Boris Johnson admitted to hospital with what was said to be 
a severe version of the ‘virus’ in this same period. His whole policy 
and demeanour changed when he returned to Downing Street. It’s a 
small world with these government advisors — especially in their 
communal connections to Gates — and Ferguson had partnered with 
Whitty to write a paper called ‘Infectious disease: Tough choices to 
reduce Ebola transmission’ which involved another scare-story that 
didn’t happen. Ferguson’s ‘models’ predicted that up to150, 000 
could die from ‘mad cow disease’, or BSE, and its version in sheep if 
it was transmitted to humans. BSE was not transmitted and instead 
triggered by an organophosphate pesticide used to treat a pest on 


cows. Fewer than 200 deaths followed from the human form. Models 
by Ferguson and his fellow incompetents led to the unnecessary 
culling of millions of pigs, cattle and sheep in the foot and mouth 
outbreak in 2001 which destroyed the lives and livelihoods of 
farmers and their families who had often spent decades building 
their herds and flocks. Vast numbers of these animals did not have 
foot and mouth and had no contact with the infection. Another 
‘expert’ behind the cull was Professor Roy Anderson, a computer 
modeller at Imperial College specialising in the epidemiology of 
human, not animal, disease. Anderson has served on the Bill and 
Melinda Gates Grand Challenges in Global Health advisory board 
and chairs another Gates-funded organisation. Gates is everywhere. 


In a precursor to the ‘Covid’ script Ferguson backed closing 
schools ‘for prolonged periods’ over the swine flu ‘pandemic’ in 2009 
and said it would affect a third of the world population if it 
continued to spread at the speed he claimed to be happening. His 
mates at Imperial College said much the same and a news report 
said: ‘One of the authors, the epidemiologist and disease modeller 
Neil Ferguson, who sits on the World Health Organisation’s 
emergency committee for the outbreak, said the virus had “full 
pandemic potential”.’ Professor Liam Donaldson, the Chris Whitty 
of his day as Chief Medical Officer, said the worst case could see 30 
percent of the British people infected by swine flu with 65,000 dying. 
Ferguson and Donaldson were indeed proved correct when at the 
end of the year the number of deaths attributed to swine flu was 392. 
The term ‘expert’ is rather liberally applied unfortunately, not least 
to complete idiots. Swine flu ‘projections’ were great for 
GlaxoSmithKline (GSK) as millions rolled in for its Pandemrix 
influenza vaccine which led to brain damage with children most 
affected. The British government (taxpayers) paid out more than £60 
million in compensation after GSK was given immunity from 
prosecution. Yet another ‘Covid’ déja vu. Swine flu was supposed to 
have broken out in Mexico, but Dr Wolfgang Wodarg, a German 
doctor, former member of parliament and critic of the ‘Covid’ hoax, 
observed ‘the spread of swine flu’ in Mexico City at the time. He 


said: ‘What we experienced in Mexico City was a very mild flu 
which did not kill more than usual — which killed even fewer people 
than usual.’ Hyping the fear against all the facts is not unique to 
‘Covid’ and has happened many times before. Ferguson is reported 
to have over-estimated the projected death toll of bird flu (H5N1) by 
some three million-fold, but bird flu vaccine makers again made a 
killing from the scare. This is some of the background to the Neil 
Ferguson who produced the perfectly-timed computer models in 
early 2020 predicting that half a million people would die in Britain 
without draconian lockdown and 2.2 million in the United States. 
Politicians panicked, people panicked, and lockdowns of alleged 
short duration were instigated to ‘flatten the curve’ of cases gleaned 
from a test not testing for the ‘virus’. I said at the time that the public 
could forget the ‘short duration’ bit. This was an agenda to destroy 
the livelihoods of the population and force them into mass control 
through dependency and there was going to be nothing ‘short’ about 
it. American researcher Daniel Horowitz described the consequences 
of the ‘models’ spewed out by Gates-funded Ferguson and Imperial 
College: 


What led our government and the governments of many other countries into panic was a 
single Imperial College of UK study, funded by global warming activists, that predicted 2.2 
million deaths if we didn’t lock down the country. In addition, the reported 8-9% death rate in 
Italy scared us into thinking there was some other mutation of this virus that they got, which 
might have come here. 


Together with the fact that we were finally testing and had the ability to actually report new 
cases, we thought we were headed for a death spiral. But again ... we can’t flatten a curve if 
we don’t know when the curve started. 


How about it never started? 


Giving them what they want 

An investigation by German news outlet Welt Am Sonntag (World on 
Sunday) revealed how in March, 2020, the German government 
gathered together ‘leading scientists from several research institutes 
and universities’ and ‘together, they were to produce a [modelling] 


paper that would serve as legitimization for further tough political 
measures’. The Cult agenda was justified by computer modelling not 
based on evidence or reality; it was specifically constructed to justify 
the Cult demand for lockdowns all over the world to destroy the 
independent livelihoods of the global population. All these 
modellers and everyone responsible for the ‘Covid’ hoax have a date 
with a trial like those in Nuremberg after World War Two when 
Nazis faced the consequences of their war crimes. These corrupt- 
beyond-belief ‘modellers’ wrote the paper according to government 
instructions and it said that that if lockdown measures were lifted 
then up to one million Germans would die from ‘Covid-19’ adding 
that some would die ‘agonizingly at home, gasping for breath’ 
unable to be treated by hospitals that couldn’t cope. All lies. No 
matter — it gave the Cult all that it wanted. What did long-time 
government ‘modeller’ Neil Ferguson say? If the UK and the United 
States didn’t lockdown half a million would die in Britain and 2.2 
million Americans. Anyone see a theme here? ‘Modellers’ are such a 
crucial part of the lockdown strategy that we should look into their 
background and follow the money. Researcher Rosemary Frei 
produced an excellent article headlined “The Modelling-paper 
Mafiosi’. She highlights a guy called John Edmunds, a British 
epidemiologist, and professor in the Faculty of Epidemiology and 
Population Health at the London School of Hygiene & Tropical 
Medicine. He studied at Imperial College. Edmunds is a member of 
government ‘Covid’ advisory bodies which have been dictating 
policy, the New and Emerging Respiratory Virus Threats Advisory 
Group (NERVTAG) and the Scientific Advisory Group for 
Emergencies (SAGE). 

Ferguson, another member of NERVTAG and SAGE, led the way 
with the original ‘virus’ and Edmunds has followed in the ‘variant’ 
stage and especially the so-called UK or Kent variant known as the 
‘Variant of Concern’ (VOC) B.1.1.7. He said in a co-written report for 
the Centre for Mathematical modelling of Infectious Diseases at the 
London School of Hygiene and Tropical Medicine, with input from 
the Centre’s ‘Covid-19’ Working Group, that there was ‘a realistic 


possibility that VOC B.1.1.7 is associated with an increased risk of 
death compared to non-VOC viruses’. Fear, fear, fear, get the 
vaccine, fear, fear, fear, get the vaccine. Rosemary Frei reveals that 
almost all the paper’s authors and members of the modelling centre’s 
‘Covid-19’ Working Group receive funding from the Bill and 
Melinda Gates Foundation and/or the associated Gates-funded 
Wellcome Trust. The paper was published by e-journal Medr xiv 
which only publishes papers not peer-reviewed and the journal was 
established by an organisation headed by Facebook’s Mark 
Zuckerberg and his missus. What a small world it is. Frei discovered 
that Edmunds is on the Scientific Advisory Board of the Coalition for 
Epidemic Preparedness Innovations (CEPI) which was established 
by the Bill and Melinda Gates Foundation, Klaus Schwab’s Davos 
World Economic Forum and Big Pharma giant Wellcome. CEPI was 
‘launched in Davos [in 2017] to develop vaccines to stop future 
epidemics’, according to its website. ‘Our mission is to accelerate the 
development of vaccines against emerging infectious diseases and 
enable equitable access to these vaccines for people during 
outbreaks.’ What kind people they are. Rosemary Frei reveals that 
Public Health England (PHE) director Susan Hopkins is an author of 
her organisation’s non-peer-reviewed reports on ‘new variants’. 
Hopkins is a professor of infectious diseases at London’s Imperial 
College which is gifted tens of millions of dollars a year by the Bill 
and Melinda Gates Foundation. Gates-funded modelling disaster 
Neil Ferguson also co-authors Public Health England reports and he 
spoke in December, 2020, about the potential danger of the B.1.1.7. 
‘UK variant’ promoted by Gates-funded modeller John Edmunds. 
When I come to the ‘Covid vaccines’ the ‘new variants’ will be 
shown for what they are — bollocks. 


Connections, connections 

All these people and modellers are lockdown-obsessed or, put 
another way, they demand what the Cult demands. Edmunds said in 
January, 2021, that to ease lockdowns too soon would be a disaster 
and they had to ‘vaccinate much, much, much more widely than the 


elderly’. Rosemary Frei highlights that Edmunds is married to 
Jeanne Pimenta who is described in a LinkedIn profile as director of 
epidemiology at GlaxoSmithKline (GSK) and she held shares in the 
company. Patrick Vallance, co-chair of SAGE and the government's 
Chief Scientific Adviser, is a former executive of GSK and has a 
deferred bonus of shares in the company worth £600,000. GSK has 
serious business connections with Bill Gates and is collaborating 
with mRNA-~’vaccine’ company CureVac to make ‘vaccines’ for the 
new variants that Edmunds is talking about. GSK is planning a 
‘Covid vaccine’ with drug giant Sanofi. Puppet Prime Minister Boris 
Johnson announced in the spring of 2021 that up to 60 million 
vaccine doses were to be made at the GSK facility at Barnard Castle 
in the English North East. Barnard Castle, with a population of just 
6,000, was famously visited in breach of lockdown rules in April, 
2020, by Johnson aide Dominic Cummings who said that he drove 
there ‘to test his eyesight’ before driving back to London. Cummings 
would be better advised to test his integrity — not that it would take 
long. The GSK facility had nothing to do with his visit then although 
I’m sure Patrick Vallance would have been happy to arrange an 
introduction and some tea and biscuits. Ruthless psychopath Gates 
has made yet another fortune from vaccines in collaboration with Big 
Pharma companies and gushes at the phenomenal profits to be made 
from vaccines — more than a 20-to-1 return as he told one 
interviewer. Gates also tweeted in December, 2019, with the 
foreknowledge of what was coming: ‘What's next for our 
foundation? I’m particularly excited about what the next year could 
mean for one of the best buys in global health: vaccines.’ 


Modeller John Edmunds is a big promotor of vaccines as all these 
people appear to be. He’s the dean of the London School of Hygiene 
& Tropical Medicine’s Faculty of Epidemiology and Population 
Health which is primarily funded by the Bill and Melinda Gates 
Foundation and the Gates-established and funded GAVI vaccine 
alliance which is the Gates vehicle to vaccinate the world. The 
organisation Doctors Without Borders has described GAVI as being 
‘aimed more at supporting drug-industry desires to promote new 


products than at finding the most efficient and sustainable means for 
fighting the diseases of poverty’. But then that’s why the psychopath 
Gates created it. John Edmunds said in a video that the London 
School of Hygiene & Tropical Medicine is involved in every aspect of 
vaccine development including large-scale clinical trials. He 
contends that mathematical modelling can show that vaccines 
protect individuals and society. That’s on the basis of shit in and shit 
out, I take it. Edmunds serves on the UK Vaccine Network as does 
Ferguson and the government's foremost “Covid’ adviser, the grim- 
faced, dark-eyed Chris Whitty. The Vaccine Network says it works 
‘to support the government to identify and shortlist targeted 
investment opportunities for the most promising vaccines and 
vaccine technologies that will help combat infectious diseases with 
epidemic potential, and to address structural issues related to the 
UK’s broader vaccine infrastructure’. Ferguson is acting Director of 
the Imperial College Vaccine Impact Modelling Consortium which 
has funding from the Bill and Melina Gates Foundation and the 
Gates-created GAVI ‘vaccine alliance’. Anyone wonder why these 
characters see vaccines as the answer to every problem? Ferguson is 
wildly enthusiastic in his support for GAVI’s campaign to vaccine 
children en masse in poor countries. You would expect someone like 
Gates who has constantly talked about the need to reduce the 
population to want to fund vaccines to keep more people alive. I’m 
sure that’s why he does it. The John Edmunds London School of 
Hygiene & Tropical Medicine (LSHTM) has a Vaccines 
Manufacturing Innovation Centre which develops, tests and 
commercialises vaccines. Rosemary Frei writes: 


The vaccines centre also performs affiliated activities like combating ‘vaccine hesitancy’. The 
latter includes the Vaccine Confidence Project. The project’s stated purpose is, among other 
things, ‘to provide analysis and guidance for early response and engagement with the public 
to ensure sustained confidence in vaccines and immunisation’. The Vaccine Confidence 
Project’s director is LSHTM professor Heidi Larson. For more than a decade she’s been 
researching how to combat vaccine hesitancy. 


How the bloody hell can blokes like John Edmunds and Neil 
Ferguson with those connections and financial ties model ‘virus’ case 


and death projections for the government and especially in a way 
that gives their paymasters like Gates exactly what they want? It’s 
insane, but this is what you find throughout the world. 


‘Covid' is not dangerous, oops, wait, yes itis 

Only days before Ferguson’s nightmare scenario made Jackboot 
Johnson take Britain into a China-style lockdown to save us from a 
deadly ‘virus’ the UK government website gov.uk was reporting 
something very different to Ferguson on a page of official 


government guidance for ‘high consequence infectious diseases 
(HCID)’. It said this about ‘Covid-19’: 


As of 19 March 2020, COVID-19 is no longer considered to be a high consequence infectious 
diseases (HCID) in the UK [my emphasis]. The 4 nations public health HCID group made an 
interim recommendation in January 2020 to classify COVID-19 as an HCID. This was based 
on consideration of the UK HCID criteria about the virus and the disease with information 
available during the early stages of the outbreak. 


Now that more is known about COVID-19, the public health bodies in the UK have reviewed 
the most up to date information about COVID-19 against the UK HCID criteria. They have 
determined that several features have now changed; in particular, more information is 
available about mortality rates (low overall), and there is now greater clinical awareness and a 
specific and sensitive laboratory test, the availability of which continues to increase. The 
Advisory Committee on Dangerous Pathogens (ACDP) is also of the opinion that COVID-19 
should no longer be classified as an HCID. 


Soon after the government had been exposed for downgrading the 
risk they upgraded it again and everyone was back to singing from 
the same Cult hymn book. Ferguson and his fellow Gates clones 
indicated that lockdowns and restrictions would have to continue 
until a Gates-funded vaccine was developed. Gates said the same 
because Ferguson and his like were repeating the Gates script which 
is the Cult script. ‘Flatten the curve’ became an ongoing nightmare of 
continuing lockdowns with periods in between of severe restrictions 
in pursuit of destroying independent incomes and had nothing to do 
with protecting health about which the Cult gives not a shit. Why 
wouldn't Ferguson be pushing a vaccine ‘solution’ when he’s owned 
by vaccine-obsessive Gates who makes a fortune from them and 


when Ferguson heads the Vaccine Impact Modelling Consortium at 
Imperial College funded by the Gates Foundation and GAVI, the 
‘vaccine alliance’, created by Gates as his personal vaccine 
promotion operation? To compound the human catastrophe that 
Ferguson’s ‘models’ did so much to create he was later exposed for 
breaking his own lockdown rules by having sexual liaisons with his 
married girlfriend Antonia Staats at his home while she was living at 
another location with her husband and children. Staats was a 
‘climate’ activist and senior campaigner at the Soros-funded Avaaz 
which I wouldn’t trust to tell me that grass is green. Ferguson had to 
resign as a government advisor over this hypocrisy in May, 2020, but 
after a period of quiet he was back being quoted by the ridiculous 
media on the need for more lockdowns and a vaccine rollout. Other 
government-advising ‘scientists’ from Imperial College’ held the fort 
in his absence and said lockdown could be indefinite until a vaccine 
was found. The Cult script was being sung by the payrolled choir. I 
said there was no intention of going back to ‘normal’ when the 
‘vaccine’ came because the ‘vaccine’ is part of a very different agenda 
that I will discuss in Human 2.0. Why would the Cult want to let the 
world go back to normal when destroying that normal forever was 
the whole point of what was happening? House arrest, closing 
businesses and schools through lockdown, (un)social distancing and 
masks all followed the Ferguson fantasy models. Again as I 
predicted (these people are so predictable) when the ‘vaccine’ 
arrived we were told that house arrest, lockdown, (un)social 
distancing and masks would still have to continue. I will deal with 
the masks in the next chapter because they are of fundamental 
importance. 


Where's the ‘pandemic? 

Any mildly in-depth assessment of the figures revealed what was 
really going on. Cult-funded and controlled organisations still have 
genuine people working within them such is the number involved. 
So it is with Genevieve Briand, assistant program director of the 
Applied Economics master’s degree program at Johns Hopkins 


University. She analysed the impact that ‘Covid-1% had on deaths 
from all causes in the United States using official data from the CDC 
for the period from early February to early September, 2020. She 
found that allegedly ‘Covid’ related-deaths exceeded those from 
heart disease which she found strange with heart disease always the 
biggest cause of fatalities. Her research became even more significant 
when she noted the sudden decline in 2020 of all non-’Covid’ deaths: 
‘This trend is completely contrary to the pattern observed in all 
previous years ... the total decrease in deaths by other causes almost 
exactly equals the increase in deaths by Covid-19.” This was such a 
game, set and match in terms of what was happening that Johns 
Hopkins University deleted the article on the grounds that it “was 
being used to support false and dangerous inaccuracies about the 
impact of the pandemic’. No — because it exposed the scam from 
official CDC figures and this was confirmed when those figures were 
published in January, 2021. Here we can see the effect of people 
dying from heart attacks, cancer, road accidents and gunshot 
wounds — anything — having ‘Covid-19’ on the death certificate along 
with those diagnosed from ‘symptoms’ who had even not tested 
positive with a test not testing for the ‘virus’. Iam not kidding with 
the gunshot wounds, by the way. Brenda Bock, coroner in Grand 
County, Colorado, revealed that two gunshot victims tested positive 
for the ‘virus’ within the previous 30 days and were therefore 
classified as ‘Covid deaths’. Bock said: “These two people had tested 
positive for Covid, but that’s not what killed them. A gunshot 
wound is what killed them.’ She said she had not even finished her 
investigation when the state listed the gunshot victims as deaths due 
to the ‘virus’. The death and case figures for ‘Covid-19’ are an 
absolute joke and yet they are repeated like parrots by the media, 
politicians and alleged medical ‘experts’. The official Cult narrative 
is the only show in town. 

Genevieve Briand found that deaths from all causes were not 
exceptional in 2020 compared with previous years and a Spanish 
magazine published figures that said the same about Spain which 
was a ‘Covid’ propaganda hotspot at one point. Discovery Salud, a 


health and medicine magazine, quoted government figures which 
showed how 17,000 fewer people died in Spain in 2020 than in 2019 
and more than 26,000 fewer than in 2018. The age-standardised 
mortality rate for England and Wales when age distribution is taken 
into account was significantly lower in 2020 than the 1970s, 80s and 
90s, and was only the ninth highest since 2000. Where is the 
‘pandemic’? 

Post mortems and autopsies virtually disappeared for ‘Covid’ 
deaths amid claims that ‘virus-infected’ bodily fluids posed a risk to 
those carrying out the autopsy. This was rejected by renowned 
German pathologist and forensic doctor Klaus Puschel who said that 
he and his staff had by then done 150 autopsies on ‘Covid’ patients 
with no problems at all. He said they were needed to know why 
some ‘Covid’ patients suffered blood clots and not severe respiratory 
infections. The ‘virus’ is, after all, called SARS or ‘severe acute 
respiratory syndrome’. I highlighted in the spring of 2020 this 
phenomenon and quoted New York intensive care doctor Cameron 
Kyle-Sidell who posted a soon deleted YouTube video to say that 
they had been told to prepare to treat an infectious disease called 
‘Covid-19’, but that was not what they were dealing with. Instead he 
likened the lung condition of the most severely ill patients to what 
you would expect with cabin depressurisation in a plane at 30,000 
feet or someone dropped on the top of Everest without oxygen or 
acclimatisation. I have never said this is not happening to a small 
minority of alleged ‘Covid’ patients — I am saying this is not caused 
by a phantom ‘contagious virus’. Indeed Kyle-Sidell said that 
‘Covid-19’ was not the disease they were told was coming their way. 
‘We are operating under a medical paradigm that is untrue,’ he said, 
and he believed they were treating the wrong disease: “These people 
are being slowly starved of oxygen.’ Patients would take off their 
oxygen masks in a state of fear and stress and while they were blue 
in the face on the brink of death. They did not look like patients 
dying of pneumonia. You can see why they don’t want autopsies 
when their virus doesn’t exist and there is another condition in some 
people that they don’t wish to be uncovered. I should add here that 


the 5G system of millimetre waves was being rapidly introduced 
around the world in 2020 and even more so now as they fire 5G at 
the Earth from satellites. At 60 gigahertz within the 5G range that 
frequency interacts with the oxygen molecule and stops people 
breathing in sufficient oxygen to be absorbed into the bloodstream. 
They are installing 5G in schools and hospitals. The world is not 
mad or anything. 5G can cause major changes to the lungs and blood 
as I detail in The Answer and these consequences are labelled ‘Covid- 
19’, the alleged symptoms of which can be caused by 5G and other 
electromagnetic frequencies as cells respond to radiation poisoning. 


The ‘Covid death’ scam 

Dr Scott Jensen, a Minnesota state senator and medical doctor, 
exposed ‘Covid’ Medicare payment incentives to hospitals and death 
certificate manipulation. He said he was sent a seven-page document 
by the US Department of Health ‘coaching’ him on how to fill out 
death certificates which had never happened before. The document 
said that he didn’t need to have a laboratory test for ‘Covid-19’ to 
put that on the death certificate and that shocked him when death 
certificates are supposed to be about facts. Jensen described how 
doctors had been ‘encouraged, if not pressured’ to make a diagnosis 
of ‘Covid-19’ if they thought it was probable or ‘presumed’. No 
positive test was necessary — not that this would have mattered 
anyway. He said doctors were told to diagnose ‘Covid’ by symptoms 
when these were the same as colds, allergies, other respiratory 
problems, and certainly with influenza which ‘disappeared’ in the 
‘Covid’ era. A common sniffle was enough to get the dreaded 
verdict. Ontario authorities decreed that a single care home resident 
with one symptom from a long list must lead to the isolation of the 
entire home. Other courageous doctors like Jensen made the same 
point about death figure manipulation and how deaths by other 
causes were falling while ‘Covid-19 deaths’ were rising at the same 
rate due to re-diagnosis. Their videos rarely survive long on 
YouTube with its Cult-supporting algorithms courtesy of CEO Susan 
Wojcicki and her bosses at Google. Figure-tampering was so glaring 


and ubiquitous that even officials were letting it slip or outright 
saying it. UK chief scientific adviser Patrick Vallance said on one 
occasion that ‘Covid’ on the death certificate doesn’t mean “Covid’ 
was the cause of death (so why the hell is it there?) and we had the 
rare sight of a BBC reporter telling the truth when she said: 
‘Someone could be successfully treated for Covid, in say April, 
discharged, and then in June, get run over by a bus and die ... That 
person would still be counted as a Covid death in England.’ Yet the 
BBC and the rest of the world media went on repeating the case and 
death figures as if they were real. Illinois Public Health Director Dr 
Ngozi Ezike revealed the deceit while her bosses must have been 
clenching their buttocks: 


If you were in a hospice and given a few weeks to live and you were then found to have 
Covid that would be counted as a Covid death. [There might be] a clear alternate cause, but it 
is still listed as a Covid death. So everyone listed as a Covid death doesn’t mean that was the 
cause of the death, but that they had Covid at the time of death. 


Yes, a ‘Covid virus’ never shown to exist and tested for with a test 
not testing for the ‘virus’. In the first period of the pandemic hoax 
through the spring of 2020 the process began of designating almost 
everything a ‘Covid’ death and this has continued ever since. I sat in 
a restaurant one night listening to a loud conversation on the next 
table where a family was discussing in bewilderment how a relative 
who had no symptoms of ‘Covid’, and had died of a long-term 
problem, could have been diagnosed a death by the ‘virus’. I could 
understand their bewilderment. If they read this book they will 
know why this medical fraud has been perpetrated the world over. 


Some media truth shock 

The media ignored the evidence of death certificate fraud until 
eventually one columnist did speak out when she saw it first-hand. 
Bel Mooney is a long-time national newspaper journalist in Britain 
currently working for the Daily Mail. Her article on February 19th, 
2021, carried this headline: ‘My dad Ted passed three Covid tests 


and died of a chronic illness yet he’s officially one of Britain’s 120,000 
victims of the virus and is far from alone ... so how many more are 
there?’ She told how her 99-year-old father was in a care home with 
a long-standing chronic obstructive pulmonary disease and vascular 
dementia. Maybe, but he was still aware enough to tell her from the 
start that there was no ‘virus’ and he refused the ‘vaccine’ for that 
reason. His death was not unexpected given his chronic health 
problems and Mooney said she was shocked to find that “‘Covid-19’ 
was declared the cause of death on his death certificate. She said this 
was a ‘bizarre and unacceptable untruth’ for a man with long-time 
health problems who had tested negative twice at the home for the 
‘virus’. I was also shocked by this story although not by what she 
said. I had been highlighting the death certificate manipulation for 
ten months. It was the confirmation that a professional full-time 
journalist only realised this was going on when it affected her 
directly and neither did she know that whether her dad tested 
positive or negative was irrelevant with the test not testing for the 
‘virus’. Where had she been? She said she did not believe in 
‘conspiracy theories’ without knowing I’m sure that this and 
‘conspiracy theorists’ were terms put into widespread circulation by 
the CIA in the 1960s to discredit those who did not accept the 
ridiculous official story of the Kennedy assassination. A blanket 
statement of ‘I don’t believe in conspiracy theories’ is always bizarre. 
The dictionary definition of the term alone means the world is 
drowning in conspiracies. What she said was even more daft when 
her dad had just been affected by the ‘Covid’ conspiracy. Why else 
does she think that ‘Covid-19’ was going on the death certificates of 
people who died of something else? 

To be fair once she saw from personal experience what was 
happening she didn’t mince words. Mooney was called by the care 
home on the morning of February 9th to be told her father had died 
in his sleep. When she asked for the official cause of death what 
came back was ‘Covid-19’. Mooney challenged this and was told 
there had been deaths from Covid on the dementia floor (confirmed 
by a test not testing for the ‘virus’) so they considered it ‘reasonable 


to assume’. ‘But doctor,’ Mooney rightly protested, ‘an assumption 
isn’t a diagnosis.’ She said she didn’t blame the perfectly decent and 
sympathetic doctor — ‘he was just doing his job’. Sorry, but that’s 
bullshit. He wasn’t doing his job at all. He was putting a false cause of 
death on the death certificate and that is a criminal offence for which 
he should be brought to account and the same with the millions of 
doctors worldwide who have done the same. They were not doing 
their job they were following orders and that must not wash at new 
Nuremberg trials any more than it did at the first ones. Mooney’s 
doctor was ‘assuming’ (presuming) as he was told to, but ‘just 
following orders’ makes no difference to his actions. A doctor’s job is 
to serve the patient and the truth, not follow orders, but that’s what 
they have done all over the world and played a central part in 
making the ‘Covid’ hoax possible with all its catastrophic 
consequences for humanity. Shame on them and they must answer 
for their actions. Mooney said her disquiet worsened when she 
registered her father’s death by telephone and was told by the 
registrar there had been very many other cases like hers where ‘the 
deceased’ had not tested positive for ‘Covid’ yet it was recorded as 
the cause of death. The test may not matter, but those involved at 
their level think it matters and it shows a callous disregard for 
accurate diagnosis. The pressure to do this is coming from the top of 
the national ‘health’ pyramids which in turn obey the World Health 
Organization which obeys Gates and the Cult. Mooney said the 
registrar agreed that this must distort the national figures adding 
that ‘the strangest thing is that every winter we record countless 
deaths from flu, and this winter there have been none. Not one!’ She 
asked if the registrar thought deaths from flu were being 
misdiagnosed and lumped together with ‘Covid’ deaths. The answer 
was a ‘puzzled yes’. Mooney said that the funeral director said the 
same about ‘Covid’ deaths which had nothing to do with ‘Covid’. 
They had lost count of the number of families upset by this and 
other funeral companies in different countries have had the same 
experience. Mooney wrote: 


The nightly shroud-waving and shocking close-ups of pain imposed on us by the TV news 
bewildered and terrified the population into eager compliance with lockdowns. We were 
invited to ‘save the NHS’ and to grieve for strangers — the real-life loved ones behind those 
shocking death counts. Why would the public imagine what | now fear, namely that the way 
Covid-19 death statistics are compiled might make the numbers seem greater than they are? 


Oh, just a little bit — like 100 percent. 


Mooney asked why a country would wish to skew its mortality 
figures by wrongly certifying deaths? What had been going on? 
Well, if you don’t believe in conspiracies you will never find the 
answer which is that it’s a conspiracy. She did, however, describe 
what she had discovered as a ‘national scandal’. In reality it’s a 
global scandal and happening everywhere. Pillars of this conspiracy 
were all put into place before the button was pressed with the 
Drosten PCR protocol and high amplifications to produce the cases 
and death certificate changes to secure illusory ‘Covid’ deaths. 
Mooney notes that normally two doctors were needed to certify a 
death, with one having to know the patient, and how the rules were 
changed in the spring of 2020 to allow one doctor to do this. In the 
same period “Covid deaths’ were decreed to be all cases where 
Covid-19 was put on the death certificate even without a positive test 
or any symptoms. Mooney asked: ‘How many of the 30,851 (as of 
January 15) care home resident deaths with Covid-19 on the 
certificate (32.4 per cent of all deaths so far) were based on an 
assumption, like that of my father? And what has that done to our 
national psyche?’ All of them is the answer to the first question and it 
has devastated and dismantled the national psyche, actually the 
global psyche, on a colossal scale. In the UK case and death data is 
compiled by organisations like Public Health England (PHE) and the 
Office for National Statistics (ONS). Mooney highlights the insane 
policy of counting a death from any cause as ‘Covid-19% if this 
happens within 28 days of a positive test (with a test not testing for 
the ‘virus’) and she points out that ONS statistics reflect deaths 
‘involving Covid’ ‘or due to Covid’ which meant in practice any 


death where ‘Covid-19’ was mentioned on the death certificate. She 
described the consequences of this fraud: 


Most people will accept the narrative they are fed, so panicky governments here and in 
Europe witnessed the harsh measures enacted in totalitarian China and jumped into 
lockdown. Headlines about Covid deaths tolled like the knell that would bring doomsday to 
us all. Fear stalked our empty streets. Politicians parroted the frankly ridiculous aim of ‘zero 
Covid’ and shut down the economy, while most British people agreed that lockdown was 
essential and (astonishingly to me, as a patriotic Brit) even wanted more restrictions. 


For what? Lies on death certificates? Never mind the grim toll of lives ruined, suicides, schools 
closed, rising inequality, depression, cancelled hospital treatments, cancer patients in a torture 
of waiting, poverty, economic devastation, loneliness, families kept apart, and so on. How 
many lives have been lost as a direct result of lockdown? 


She said that we could join in a national chorus of shock and horror 
at reaching the 120,000 death toll which was surely certain to have 
been totally skewed all along, but what about the human cost of 
lockdown justified by these ‘death figures’? The British Medical 
Journal had reported a 1,493 percent increase in cases of children 
taken to Great Ormond Street Hospital with abusive head injuries 
alone and then there was the effect on families: 


Perhaps the most shocking thing about all this is that families have been kept apart — and 
obeyed the most irrational, changing rules at the whim of government — because they 
believed in the statistics. They succumbed to fear, which his generation rejected in that war 
fought for freedom. Dad (God rest his soul) would be angry. And so am I. 


Another theme to watch is that in the winter months when there 
are more deaths from all causes they focus on ‘Covid’ deaths and in 
the summer when the British Lung Foundation says respiratory 
disease plummets by 80 percent they rage on about ‘cases’. Either 
way fascism on population is always the answer. 


Nazi eugenics in the 21st century 

Elderly people in care homes have been isolated from their families 
month after lonely month with no contact with relatives and 
grandchildren who were banned from seeing them. We were told 


that lockdown fascism was to ‘protect the vulnerable’ like elderly 
people. At the same time Do Not Resuscitate (DNR) orders were 
placed on their medical files so that if they needed resuscitation it 
wasn’t done and “Covid-19’ went on their death certificates. Old 
people were not being ‘protected’ they were being culled — 
murdered in truth. DNR orders were being decreed for disabled and 
young people with learning difficulties or psychological problems. 
The UK Care Quality Commission, a non-departmental body of the 
Department of Health and Social Care, found that 34 percent of 
those working in health and social care were pressured into placing 
‘do not attempt cardiopulmonary resuscitation’ orders on ‘Covid’ 
patients who suffered from disabilities and learning difficulties 
without involving the patient or their families in the decision. UK 
judges ruled that an elderly woman with dementia should have the 
DNA-manipulating ‘Covid vaccine’ against her son’s wishes and that 
aman with severe learning difficulties should have the jab despite 
his family’s objections. Never mind that many had already died. The 
judiciary always supports doctors and government in fascist 
dictatorships. They wouldn’t dare do otherwise. A horrific video was 
posted showing fascist officers from Los Angeles police forcibly 
giving the ‘Covid’ shot to women with special needs who were 
screaming that they didn’t want it. The same fascists are seen giving 
the jab to a sleeping elderly woman in a care home. This is straight 
out of the Nazi playbook. Hitler’s Nazis committed mass murder of 
the mentally ill and physically disabled throughout Germany and 
occupied territories in the programme that became known as Aktion 
T4, or just T4. Sabbatian-controlled Hitler and his grotesque crazies 
set out to kill those they considered useless and unnecessary. The 
Reich Committee for the Scientific Registering of Hereditary and 
Congenital Illnesses registered the births of babies identified by 
physicians to have ‘defects’. By 1941 alone more than 5,000 children 
were murdered by the state and it is estimated that in total the 
number of innocent people killed in Aktion T4 was between 275,000 
and 300,000. Parents were told their children had been sent away for 
‘special treatment’ never to return. It is rather pathetic to see claims 
about plans for new extermination camps being dismissed today 


when the same force behind current events did precisely that 80 
years ago. Margaret Sanger was a Cult operative who used ‘birth 
control’ to sanitise her programme of eugenics. Organisations she 
founded became what is now Planned Parenthood. Sanger proposed 
that ‘the whole dysgenic population would have its choice of 
segregation or sterilization’. These included epileptics, ‘feeble- 
minded’, and prostitutes. Sanger opposed charity because it 
perpetuated ‘human waste’. She reveals the Cult mentality and if 
anyone thinks that extermination camps are a ‘conspiracy theory’ 
their naivety is touching if breathtakingly stupid. 

If you don’t believe that doctors can act with callous disregard for 
their patients it is worth considering that doctors and medical staff 
agreed to put government-decreed DNR orders on medical files and 
do nothing when resuscitation is called for. I don’t know what you 
call such people in your house. In mine they are Nazis from the Josef 
Mengele School of Medicine. Phenomenal numbers of old people 
have died worldwide from the effects of lockdown, depression, lack 
of treatment, the ‘vaccine’ (more later) and losing the will to live. A 
common response at the start of the manufactured pandemic was to 
remove old people from hospital beds and transfer them to nursing 
homes. The decision would result in a mass cull of elderly people in 
those homes through lack of treatment — not ‘Covid’. Care home 
whistleblowers have told how once the ‘Covid’ era began doctors 
would not come to their homes to treat patients and they were 
begging for drugs like antibiotics that often never came. The most 
infamous example was ordered by New York governor Andrew 
Cuomo, brother of a moronic CNN host, who amazingly was given 
an Emmy Award for his handling of the ‘Covid crisis’ by the 
ridiculous Wokers that hand them out. Just how ridiculous could be 
seen in February, 2021, when a Department of Justice and FBI 
investigation began into how thousands of old people in New York 
died in nursing homes after being discharged from hospital to make 
way for ‘Covid’ patients on Cuomo’s say-so — and how he and his 
staff covered up these facts. This couldn’t have happened to a nicer 
psychopath. Even then there was a ‘Covid’ spin. Reports said that 


thousands of old people who tested positive for “Covid’ in hospital 
were transferred to nursing homes to both die of ‘Covid’ and 
transmit it to others. No — they were in hospital because they were ill 
and the fact that they tested positive with a test not testing for the 
‘virus’ is irrelevant. They were ill often with respiratory diseases 
ubiquitous in old people near the end of their lives. Their transfer 
out of hospital meant that their treatment stopped and many would 
go on to die. 


They're old. Who gives a damn? 


I have exposed in the books for decades the Cult plan to cull the 
world’s old people and even to introduce at some point what they 
call a ‘demise pill’ which at a certain age everyone would take and 
be out of here by law. In March, 2021, Spain legalised euthanasia and 
assisted suicide following the Netherlands, Belgium, Luxembourg 
and Canada on the Tiptoe to the demise pill. Treatment of old people 
by many ‘care’ homes has been a disgrace in the ‘Covid’ era. There 
are many, many, caring staff — I know some. There have, however, 
been legions of stories about callous treatment of old people and 
their families. Police were called when families came to take their 
loved ones home in the light of isolation that was killing them. They 
became prisoners of the state. Care home residents in insane, fascist 
Ontario, Canada, were not allowed to leave their room once the 
‘Covid’ hoax began. UK staff have even wheeled elderly people 
away from windows where family members were talking with them. 
Oriana Criscuolo from Stockport in the English North West dropped 
off some things for her 80-year-old father who has Parkinson’s 
disease and dementia and she wanted to wave to him through a 
ground-floor window. She was told that was ‘illegal’. When she went 
anyway they closed the curtains in the middle of the day. Oriana 
said: 


It’s just unbelievable. | cannot understand how care home staff — people who are being paid 
to care — have become so uncaring. Their behaviour is inhumane and cruel. It’s beyond belief. 


She was right and this was not a one-off. What a way to end your life 
in such loveless circumstances. UK registered nurse Nicky Millen, a 
proper old school nurse for 40 years, said that when she started her 
career care was based on dignity, choice, compassion and empathy. 
Now she said ‘the things that are important to me have gone out of 
the window.’ She was appalled that people were dying without their 
loved ones and saying goodbye on iPads. Nicky described how a 
distressed 89-year-old lady stroked her face and asked her ‘how 
many paracetamol would it take to finish me off’. Life was no longer 
worth living while not seeing her family. Nicky said she was 
humiliated in front of the ward staff and patients for letting the lady 
stroke her face and giving her a cuddle. Such is the dehumanisation 
that the ‘Covid’ hoax has brought to the surface. Nicky worked in 
care homes where patients told her they were being held prisoner. ‘I 
want to live until I die’, one said to her. ‘I had a lady in tears because 
she hadn’t seen her great-grandson.’ Nicky was compassionate old 
school meeting psychopathic New Normal. She also said she had 
worked on a “Covid’ ward with no ‘Covid’ patients. Jewish writer 
Shai Held wrote an article in March, 2020, which was headlined “The 
Staggering, Heartless Cruelty Toward the Elderly’. What he 
described was happening from the earliest days of lockdown. He 
said ‘the elderly’ were considered a group and not unique 
individuals (the way of the Woke). Shai Held said: 


Notice how the all-too-familiar rhetoric of dehumanization works: ‘The elderly’ are bunched 
together as a faceless mass, all of them considered culprits and thus effectively deserving of 
the suffering the pandemic will inflict upon them. Lost entirely is the fact that the elderly are 
individual human beings, each with a distinctive face and voice, each with hopes and 
dreams, memories and regrets, friendships and marriages, loves lost and loves sustained. 


‘The elderly’ have become another dehumanised group for which 
anything goes and for many that has resulted in cold disregard for 
their rights and their life. The distinctive face that Held talks about is 
designed to be deleted by masks until everyone is part of a faceless 
mass. 


‘War-zone’ hospitals myth 

Again and again medical professionals have told me what was really 
going on and how hospitals ‘overrun like war zones’ according to 
the media were virtually empty. The mantra from medical 
whistleblowers was please don’t use my name or my career is Over. 
Citizen journalists around the world sneaked into hospitals to film 
evidence exposing the ‘war-zone’ lie. They really were largely empty 
with closed wards and operating theatres. I met a hospital worker in 
my town on the Isle of Wight during the first lockdown in 2020 who 
said the only island hospital had never been so quiet. Lockdown was 
justified by the psychopaths to stop hospitals being overrun. At the 
same time that the island hospital was near-empty the military 
arrived here to provide extra beds. It was all propaganda to ramp up 
the fear to ensure compliance with fascism as were never-used 
temporary hospitals with thousands of beds known as Nightingales 
and never-used make-shift mortuaries opened by the criminal UK 
government. A man who helped to install those extra island beds 
attributed to the army said they were never used and the hospital 
was empty. Doctors and nurses ‘stood around talking or on their 
phones, wandering down to us to see what we were doing’. There 
were no masks or social distancing. He accused the useless local 
island paper, the County Press, of ‘pumping the fear as if our hospital 
was overrun and we only have one so it should have been’. He 
described ambulances parked up with crews outside in deck chairs. 
When his brother called an ambulance he was told there was a two- 
hour backlog which he called ‘bullshit’. An old lady on the island fell 
‘and was in a bad way’, but a caller who rang for an ambulance was 
told the situation wasn’t urgent enough. Ambulance stations were 
working under capacity while people would hear ambulances with 
sirens blaring driving through the streets. When those living near 
the stations realised what was going on they would follow them as 
they left, circulated around an urban area with the sirens going, and 
then came back without stopping. All this was to increase levels of 
fear and the same goes for the ‘ventilator shortage crisis’ that cost 
tens of millions for hastily produced ventilators never to be used. 


Ambulance crews that agreed to be exploited in this way for fear 
propaganda might find themselves a mirror. I wish them well with 
that. Empty hospitals were the obvious consequence of treatment 
and diagnoses of non-’Covid’ conditions cancelled and those 
involved handed a death sentence. People have been dying at home 
from undiagnosed and untreated cancer, heart disease and other life- 
threatening conditions to allow empty hospitals to deal with a 
‘pandemic’ that wasn’t happening. 


‘War-zones’ have been laying off nursing staff, even doctors where 
they can. There was no work for them. Lockdown was justified by 
saving lives and protecting the vulnerable they were actually killing 
with DNR orders and preventing empty hospitals being ‘overrun’. In 
Britain the mantra of stay at home to ‘save the NHS’ was everywhere 
and across the world the same story was being sold when it was all 
lies. Two California doctors, Dan Erickson and Artin Massihi at 
Accelerated Urgent Care in Bakersfield, held a news conference in 
April, 2020, to say that intensive care units in California were ‘empty, 
essentially’, with hospitals shutting floors, not treating patients and 
laying off doctors. The California health system was working at 
minimum capacity ‘getting rid of doctors because we just don’t have 
the volume’. They said that people with conditions such as heart 
disease and cancer were not coming to hospital out of fear of “Covid- 
19’. Their video was deleted by Susan Wojcicki’s Cult-owned 
YouTube after reaching five million views. Florida governor Ron 
Desantis, who rejected the severe lockdowns of other states and is 
being targeted for doing so, said that in March, 2020, every US 
governor was given models claiming they would run out of hospital 
beds in days. That was never going to happen and the ‘modellers’ 
knew it. Deceit can be found at every level of the system. Urgent 
children’s operations were cancelled including fracture repairs and 
biopsies to spot cancer. Eric Nicholls, a consultant paediatrician, said 
‘this is obviously concerning and we need to return to normal 
operating and to increase capacity as soon as possible’. Psychopaths 


in power were rather less concerned because they are psychopaths. 
Deletion of urgent care and diagnosis has been happening all over 
the world and how many kids and others have died as a result of the 
actions of these cold and heartless lunatics dictating ‘health’ policy? 
The number must be stratospheric. Richard Sullivan, professor of 
cancer and global health at King’s College London, said people 
feared “Covid’ more than cancer such was the campaign of fear. 
‘Years of lost life will be quite dramatic’, Sullivan said, with ‘a huge 
amount of avoidable mortality’. Sarah Woolnough, executive 
director for policy at Cancer Research UK, said there had been a 75 
percent drop in urgent referrals to hospitals by family doctors of 
people with suspected cancer. Sullivan said that ‘a lot of services 
have had to scale back — we’ve seen a dramatic decrease in the 
amount of elective cancer surgery’. Lockdown deaths worldwide has 
been absolutely fantastic with the New York Post reporting how data 
confirmed that ‘lockdowns end more lives than they save’: 


There was a sharp decline in visits to emergency rooms and an increase in fatal heart attacks 
because patients didn’t receive prompt treatment. Many fewer people were screened for 
cancer. Social isolation contributed to excess deaths from dementia and Alzheimer’s. 


Researchers predicted that the social and economic upheaval would lead to tens of thousands 
of “deaths of despair” from drug overdoses, alcoholism and suicide. As unemployment surged 
and mental-health and substance-abuse treatment programs were interrupted, the reported 
levels of anxiety, depression and suicidal thoughts increased dramatically, as did alcohol sales 
and fatal drug overdoses. 


This has been happening while nurses and other staff had so much 
time on their hands in the ‘war-zones’ that Tic-Tok dancing videos 
began appearing across the Internet with medical staff dancing 
around in empty wards and corridors as people died at home from 
causes that would normally have been treated in hospital. 


Mentions in dispatches 

One brave and truth-committed whistleblower was Louise 
Hampton, a call handler with the UK NHS who made a viral 
Internet video saying she had done ‘fuck all’ during the ‘pandemic’ 


which was ‘a load of bollocks’. She said that ‘Covid-19’ was 
rebranded flu and of course she lost her job. This is what happens in 
the medical and endless other professions now when you tell the 
truth. Louise filmed inside ‘war-zone’ accident and emergency 
departments to show they were empty and I mean empty as in no 
one there. The mainstream media could have done the same and 
blown the gaff on the whole conspiracy. They haven't to their eternal 
shame. Not that most ‘journalists’ seem capable of manifesting 
shame as with the psychopaths they slavishly repeat without 
question. The relative few who were admitted with serious health 
problems were left to die alone with no loved ones allowed to see 
them because of ‘Covid’ rules and they included kids dying without 
the comfort of mum and dad at their bedside while the evil behind 
this couldn’t give a damn. It was all good fun to them. A Scottish 
NHS staff nurse publicly quit in the spring of 2021 saying: ‘I can no 
longer be part of the lies and the corruption by the government.’ She 
said hospitals ‘aren’t full, the beds aren’t full, beds have been shut, 
wards have been shut’. Hospitals were never busy throughout 
‘Covid’. The staff nurse said that Nicola Sturgeon, tragically the 
leader of the Scottish government, was on television saying save the 
hospitals and the NHS — ‘but the beds are empty’ and ‘we've not 
seen flu, we always see flu every year’. She wrote to government and 
spoke with her union Unison (the unions are Cult-compromised and 
useless, but nothing changed. Many of her colleagues were scared of 
losing their jobs if they spoke out as they wanted to. She said 
nursing staff were being affected by wearing masks all day and ‘my 
head is splitting every shift from wearing a mask’. The NHS is part 
of the fascist tyranny and must be dismantled so we can start again 
with human beings in charge. (Ironically, hospitals were reported to 
be busier again when official “Covid’ cases fell in spring/summer of 
2021 and many other conditions required treatment at the same time 
as the fake vaccine rollout.) 

I will cover the ‘Covid vaccine’ scam in detail later, but it is 
another indicator of the sickening disregard for human life that Iam 
highlighting here. The DNA-manipulating concoctions do not fulfil 


the definition of a ‘vaccine’, have never been used on humans before 
and were given only emergency approval because trials were not 
completed and they continued using the unknowing public. The 
result was what a NHS senior nurse with responsibility for ‘vaccine’ 
procedure said was ‘genocide’. She said the ‘vaccines’ were not 
‘vaccines’. They had not been shown to be safe and claims about 
their effectiveness by drug companies were ‘poetic licence’. She 
described what was happening as a ‘horrid act of human 
annihilation’. The nurse said that management had instigated a 
policy of not providing a Patient Information Leaflet (PIL) before 
people were ‘vaccinated’ even though health care professionals are 
supposed to do this according to protocol. Patients should also be 
told that they are taking part in an ongoing clinical trial. Her 
challenges to what is happening had seen her excluded from 
meetings and ridiculed in others. She said she was told to “watch my 
step ... or I would find myself surplus to requirements’. The nurse, 
who spoke anonymously in fear of her career, said she asked her 
NHS manager why he/she was content with taking part in genocide 
against those having the ‘vaccines’. The reply was that everyone had 
to play their part and to ‘put up, shut up, and get it done’. 
Government was ‘leaning heavily’ on NHS management which was 
clearly leaning heavily on staff. This is how the global ‘medical’ 
hierarchy operates and it starts with the Cult and its World Health 
Organization. 

She told the story of a doctor who had the Pfizer jab and when 
questioned had no idea what was in it. The doctor had never read 
the literature. We have to stop treating doctors as intellectual giants 
when so many are moral and medical pygmies. The doctor did not 
even know that the ‘vaccines’ were not fully approved or that their 
trials were ongoing. They were, however, asking their patients if 
they minded taking part in follow-ups for research purposes — yes, 
the ongoing clinical trial. The nurse said the doctor’s ignorance was 
not rare and she had spoken to a hospital consultant who had the jab 
without any idea of the background or that the ‘trials’ had not been 
completed. Nurses and pharmacists had shown the same ignorance. 


‘My NHS colleagues have forsaken their duty of care, broken their 
code of conduct — Hippocratic Oath — and have been brainwashed 
just the same as the majority of the UK public through propaganda 
.... She said she had not been able to recruit a single NHS colleague, 
doctor, nurse or pharmacist to stand with her and speak out. Her 
union had refused to help. She said that if the genocide came to light 
she would not hesitate to give evidence at a Nuremberg-type trial 
against those in power who could have affected the outcomes but 
didn’t. 


To put the nonsense into perspective let’s say the ‘virus’ does exist 
and let’s go completely crazy and accept that the official 
manipulated figures for cases and deaths are accurate. Even then a 
study by Stanford University epidemiologist Dr John Ioannidis 
published on the World Health Organization website produced an 
average infection to fatality rate of ... 0.23 percent! Ioannidis said: ‘If 
one could sample equally from all locations globally, the median 
infection fatality rate might even be substantially lower than the 
0.23% observed in my analysis.’ For healthy people under 70 it was 
... 0.05 percent! This compares with the 3.4 percent claimed by the 
Cult-owned World Health Organization when the hoax was first 
played and maximum fear needed to be generated. An updated 
Stanford study in April, 2021, put the ‘infection’ to ‘fatality’ rate at 
just 0.15 percent. Another team of scientists led by Megan O'Driscoll 
and Henrik Salje studied data from 45 countries and published their 
findings on the Nature website. For children and young people the 
figure is so small it virtually does not register although authorities 
will be hyping dangers to the young when they introduce DNA- 
manipulating ‘vaccines’ for children. The O’Driscoll study produced 
an average infection-fatality figure of 0.003 for children from birth to 
four; 0.001 for 5 to 14; 0.003 for 15 to 19; and it was still only 0.456 up 
to 64. To claim that children must be ‘vaccinated’ to protect them 
from ‘Covid’ is an obvious lie and so there must be another reason 
and there is. What’s more the average age of a ‘Covid’ death is akin 


to the average age that people die in general. The average age of 
death in England is about 80 for men and 83 for women. The average 
age of death from alleged ‘Covid’ is between 82 and 83. California 
doctors, Dan Erickson and Artin Massihi, said at their April media 
conference that projection models of millions of deaths had been 
‘woefully inaccurate’. They produced detailed figures showing that 
Californians had a 0.03 chance of dying from ‘Covid’ based on the 
number of people who tested positive (with a test not testing for the 
‘virus’). Erickson said there was a 0.1 percent chance of dying from 
‘Covid’ in the state of New York, not just the city, and a 0.05 percent 
chance in Spain, a centre of ‘Covid-19 hysteria at one stage. The 
Stanford studies supported the doctors’ data with fatality rate 
estimates of 0.23 and 0.15 percent. How close are these figures to my 
estimate of zero? Death-rate figures claimed by the World Health 
Organization at the start of the hoax were some 15 times higher. The 
California doctors said there was no justification for lockdowns and 
the economic devastation they caused. Everything they had ever 
learned about quarantine was that you quarantine the sick and not 
the healthy. They had never seen this before and it made no medical 
sense. 


Why in the in the light of all this would governments and medical 
systems the world over say that billions must go under house arrest; 
lose their livelihood; in many cases lose their mind, their health and 
their life; force people to wear masks dangerous to health and 
psychology; make human interaction and even family interaction a 
criminal offence; ban travel; close restaurants, bars, watching live 
sport, concerts, theatre, and any activity involving human 
togetherness and discourse; and closing schools to isolate children 
from their friends and cause many to commit suicide in acts of 
hopelessness and despair? The California doctors said lockdown 
consequences included increased child abuse, partner abuse, 
alcoholism, depression, and other impacts they were seeing every 
day. Who would do that to the entire human race if not mentally-ill 
psychopaths of almost unimaginable extremes like Bill Gates? We 
must face the reality of what we are dealing with and come out of 


denial. Fascism and tyranny are made possible only by the target 
population submitting and acquiescing to fascism and tyranny. The 
whole of human history shows that to be true. Most people naively 
and unquestioning believed what they were told about a ‘deadly 
virus’ and meekly and weakly submitted to house arrest. Those who 
didn’t believe it — at least in total — still submitted in fear of the 
consequences of not doing so. For the rest who wouldn’t submit 
draconian fines have been imposed, brutal policing by psychopaths 
for psychopaths, and condemnation from the meek and weak who 
condemn the Pushbackers on behalf of the very force that has them, 
too, in its gunsights. ‘Pathetic’ does not even begin to suffice. 
Britain’s brainless ‘Health’ Secretary Matt Hancock warned anyone 
lying to border officials about returning from a list of ‘hotspot’ 
countries could face a jail sentence of up to ten years which is more 
than for racially-aggravated assault, incest and attempting to have 
sex with a child under 13. Hancock is a lunatic, but he has the state 
apparatus behind him in a Cult-led chain reaction and the same with 
UK “Vaccine Minister’ Nadhim Zahawi, a prominent member of the 
mega-Cult secret society, Le Cercle, which featured in my earlier 
books. The Cult enforces its will on governments and medical 
systems; government and medical systems enforce their will on 
business and police; business enforces its will on staff who enforce it 
on customers; police enforce the will of the Cult on the population 
and play their essential part in creating a world of fascist control that 
their own children and grandchildren will have to live in their entire 
lives. It is a hierarchical pyramid of imposition and acquiescence 
and, yes indeedy, of clinical insanity. 

Does anyone bright enough to read this book have to ask what the 
answer is? I think not, but I will reveal it anyway in the fewest of 
syllables: Tell the psychos and their moronic lackeys to fuck off and 
let’s get on with our lives. We are many — They are few. 


CHAPTER SEVEN 
War on your mind 


One believes things because one has been conditioned to believe 
them 
Aldous Huxley, Brave New World 


have described the ‘Covid’ hoax as a ‘Psyop’ and that is true in 

every sense and on every level in accordance with the definition of 
that term which is psychological warfare. Break down the ‘Covid 
pandemic’ to the foundation themes and it is psychological warfare 
on the human individual and collective mind. 

The same can be said for the entire human belief system involving 
every subject you can imagine. Huxley was right in his contention 
that people believe what they are conditioned to believe and this 
comes from the repetition throughout their lives of the same 
falsehoods. They spew from government, corporations, media and 
endless streams of ‘experts’ telling you what the Cult wants you to 
believe and often believing it themselves (although far from always). 
‘Experts’ are rewarded with ‘prestigious’ jobs and titles and as 
agents of perceptual programming with regular access to the media. 
The Cult has to control the narrative — control information — or they 
lose control of the vital, crucial, without-which-they-cannot-prevail 
public perception of reality. The foundation of that control today is 
the Internet made possible by the Defense Advanced Research 
Projects Agency (DARPA), the incredibly sinister technological arm 
of the Pentagon. The Internet is the result of military technology. 


DARPA openly brags about establishing the Internet which has been 
a long-term project to lasso the minds of the global population. I 
have said for decades the plan is to control information to such an 
extreme that eventually no one would see or hear anything that the 
Cult does not approve. We are closing in on that end with ferocious 
censorship since the ‘Covid’ hoax began and in my case it started 
back in the 1990s in terms of books and speaking venues. I had to 
create my own publishing company in 1995 precisely because no one 
else would publish my books even then. I think they’re all still 
running. 


Cult Internet 

To secure total control of information they needed the Internet in 
which pre-programmed algorithms can seek out ‘unclean’ content 
for deletion and even stop it being posted in the first place. The Cult 
had to dismantle print and non-Internet broadcast media to ensure 
the transfer of information to the appropriate-named ‘Web’ — a 
critical expression of the Cult web. We’ve seen the ever-quickening 
demise of traditional media and control of what is left by a tiny 
number of corporations operating worldwide. Independent 
journalism in the mainstream is already dead and never was that 
more obvious than since the turn of 2020. The Cult wants all 
information communicated via the Internet to globally censor and 
allow the plug to be pulled any time. Lockdowns and forced 
isolation has meant that communication between people has been 
through electronic means and no longer through face-to-face 
discourse and discussion. Cult psychopaths have targeted the bars, 
restaurants, sport, venues and meeting places in general for this 
reason. None of this is by chance and it’s to stop people gathering in 
any kind of privacy or number while being able to track and monitor 
all Internet communications and block them as necessary. Even 
private messages between individuals have been censored by these 
fascists that control Cult fronts like Facebook, Twitter, Google and 
YouTube which are all officially run by Sabbatian place-people and 
from the background by higher-level Sabbatian place people. 


Facebook, Google, Amazon and their like were seed-funded and 
supported into existence with money-no-object infusions of funds 
either directly or indirectly from DARPA and CIA technology arm 
In-Q-Tel. The Cult plays the long game and prepares very carefully 
for big plays like ‘Covid’. Amazon is another front in the 
psychological war and pretty much controls the global market in 
book sales and increasingly publishing. Amazon’s limitless funds 
have deleted fantastic numbers of independent publishers to seize 
global domination on the way to deciding which books can be sold 
and circulated and which cannot. Moves in that direction are already 
happening. Amazon’s leading light Jeff Bezos is the grandson of 
Lawrence Preston Gise who worked with DARPA predecessor 
ARPA. Amazon has big connections to the CIA and the Pentagon. 
The plan I have long described went like this: 


1. Employ military technology to establish the Internet. 


2. Sell the Internet as a place where people can freely communicate without censorship and 
allow that to happen until the Net becomes the central and irreversible pillar of human 
society. If the Internet had been highly censored from the start many would have rejected it. 


3. Fund and manipulate major corporations into being to control the circulation of 
information on your Internet using cover stories about geeks in garages to explain how they 
came about. Give them unlimited funds to expand rapidly with no need to make a profit for 
years while non-Cult companies who need to balance the books cannot compete. You know 
that in these circumstances your Googles, YouTubes, Facebooks and Amazons are going to 
secure near monopolies by either crushing or buying up the opposition. 


4. Allow freedom of expression on both the Internet and communication platforms to draw 
people in until the Internet is the central and irreversible pillar of human society and your 
communication corporations have reached a stage of near monopoly domination. 


5. Then unleash your always-planned frenzy of censorship on the basis of ‘where else are 
you going to go?’ and continue to expand that until nothing remains that the Cult does not 
want its human targets to see. 


The process was timed to hit the “Covid’ hoax to ensure the best 
chance possible of controlling the narrative which they knew they 
had to do at all costs. They were, after all, about to unleash a ‘deadly 
virus’ that didn’t really exist. If you do that in an environment of 
free-flowing information and opinion you would be dead in the 


water before you could say Gates is a psychopath. The network was 
in place through which the Cult-created-and-owned World Health 
Organization could dictate the ‘Covid’ narrative and response policy 
slavishly supported by Cult-owned Internet communication giants 
and mainstream media while those telling a different story were 
censored. Google, YouTube, Facebook and Twitter openly 
announced that they would do this. What else would we expect from 
Cult-owned operations like Facebook which former executives have 
confirmed set out to make the platform more addictive than 
cigarettes and coldly manipulates emotions of its users to sow 
division between people and groups and scramble the minds of the 
young? If Zuckerberg lives out the rest of his life without going to 
jail for crimes against humanity, and most emphatically against the 
young, it will be a travesty of justice. Still, no matter, cause and effect 
will catch up with him eventually and the same with Sergey Brin 
and Larry Page at Google with its CEO Sundar Pichai who fix the 
Google search results to promote Cult narratives and hide the 
opposition. Put the same key words into Google and other search 
engines like DuckDuckGo and you will see how different results can 
be. Wikipedia is another intensely biased ‘encyclopaedia’ which 
skews its content to the Cult agenda. YouTube links to Wikipedia’s 
version of ‘Covid’ and ‘climate change’ on video pages in which 
experts in their field offer a different opinion (even that is 
increasingly rare with Wojcicki censorship). Into this “Covid’ silence- 
them network must be added government media censors, sorry 
‘regulators’, such as Ofcom in the UK which imposed tyrannical 
restrictions on British broadcasters that had the effect of banning me 
from ever appearing. Just to debate with me about my evidence and 
views on ‘Covid’ would mean breaking the fascistic impositions of 
Ofcom and its CEO career government bureaucrat Melanie Dawes. 
Gutless British broadcasters tremble at the very thought of fascist 
Ofcom. 


The reason for the ‘Covid’ catastrophe in all its facets and forms can 
be seen by whom and what is driving the policies worldwide in such 
a coordinated way. Decisions are not being made to protect health, 
but to target psychology. The dominant group guiding and 
‘advising’ government policy are not medical professionals. They are 
psychologists and behavioural scientists. Every major country has its 
own version of this phenomenon and I'll use the British example to 
show how it works. In many ways the British version has been 
affecting the wider world in the form of the huge behaviour 
manipulation network in the UK which operates in other countries. 
The network involves private companies, government, intelligence 
and military. The Cabinet Office is at the centre of the government 
‘Covid’ Psyop and part-owns, with ‘innovation charity’ Nesta, the 
Behavioural Insights Team (BIT) which claims to be independent of 
government but patently isn’t. The BIT was established in 2010 and 
its job is to manipulate the psyche of the population to acquiesce to 
government demands and so much more. It is also known as the 
‘Nudge Unit’, a name inspired by the 2009 book by two ultra- 
Zionists, Cass Sunstein and Richard Thaler, called Nudge: Improving 
Decisions About Health, Wealth, and Happiness. The book, as with the 
Behavioural Insights Team, seeks to ‘nudge’ behaviour (manipulate 
it) to make the public follow patterns of action and perception that 
suit those in authority (the Cult). Sunstein is so skilled at this that he 
advises the World Health Organization and the UK Behavioural 
Insights Team and was Administrator of the White House Office of 
Information and Regulatory Affairs in the Obama administration. 
Biden appointed him to the Department of Homeland Security — 
another ultra-Zionist in the fold to oversee new immigration laws 
which is another policy the Cult wants to control. Sunstein is 
desperate to silence anyone exposing conspiracies and co-authored a 
2008 report on the subject in which suggestions were offered to ban 
‘conspiracy theorizing’ or impose ‘some kind of tax, financial or 
otherwise, on those who disseminate such theories’. I guess a 
psychiatrist’s chair is out of the question? 


Sunstein’s mate Richard Thaler, an ‘academic affiliate’ of the UK 
Behavioural Insights Team, is a proponent of ‘behavioural 
economics’ which is defined as the study of ‘the effects of 
psychological, cognitive, emotional, cultural and social factors on the 
decisions of individuals and institutions’. Study the effects so they 
can be manipulated to be what you want them to be. Other leading 
names in the development of behavioural economics are ultra- 
Zionists Daniel Kahneman and Robert J. Shiller and they, with 
Thaler, won the Nobel Memorial Prize in Economic Sciences for their 
work in this field. The Behavioural Insights Team is operating at the 
heart of the UK government and has expanded globally through 
partnerships with several universities including Harvard, Oxford, 
Cambridge, University College London (UCL) and Pennsylvania. 
They claim to have ‘trained’ (reframed) 20,000 civil servants and run 
more than 750 projects involving 400 randomised controlled trials in 
dozens of countries’ as another version of mind reframers Common 
Purpose. BIT works from its office in New York with cities and their 
agencies, as well as other partners, across the United States and 
Canada — this is a company part-owned by the British government 
Cabinet Office. An executive order by President Cult-servant Obama 
established a US Social and Behavioral Sciences Team in 2015. They 
all have the same reason for being and that’s to brainwash the 
population directly and by brainwashing those in positions of 
authority. 


‘Covid’ mind game 

Another prime aspect of the UK mind-control network is the 
‘independent’ [joke] Scientific Pandemic Insights Group on 
Behaviours (SPI-B) which ‘provides behavioural science advice 
aimed at anticipating and helping people adhere to interventions 
that are recommended by medical or epidemiological experts’. That 
means manipulating public perception and behaviour to do 
whatever government tells them to do. It’s disgusting and if they 
really want the public to be ‘safe’ this lot should all be under lock 
and key. According to the government website SPI-B consists of 


‘behavioural scientists, health and social psychologists, 
anthropologists and historians’ and advises the Whitty-Vallance-led 
Scientific Advisory Group for Emergencies (SAGE) which in turn 
advises the government on ‘the science’ (it doesn’t) and ‘Covid’ 
policy. When politicians say they are being guided by ‘the science’ 
this is the rabble in each country they are talking about and that 
‘science’ is dominated by behaviour manipulators to enforce 
government fascism through public compliance. The Behaviour 
Insight Team is headed by psychologist David Solomon Halpern, a 
visiting professor at King’s College London, and connects with a 
national and global web of other civilian and military organisations 
as the Cult moves towards its goal of fusing them into one fascistic 
whole in every country through its ‘Fusion Doctrine’. The behaviour 
manipulation network involves, but is not confined to, the Foreign 
Office; National Security Council; government communications 
headquarters (GCHQ); MI5; MI6; the Cabinet Office-based Media 
Monitoring Unit; and the Rapid Response Unit which ‘monitors 
digital trends to spot emerging issues; including misinformation and 
disinformation; and identifies the best way to respond’. 

There is also the 77th Brigade of the UK military which operates 
like the notorious Israeli military’s Unit 8200 in manipulating 
information and discussion on the Internet by posing as members of 
the public to promote the narrative and discredit those who 
challenge it. Here we have the military seeking to manipulate 
domestic public opinion while the Nazis in government are fine with 
that. Conservative Member of Parliament Tobias Ellwood, an 
advocate of lockdown and control through ‘vaccine passports’, is a 
Lieutenant Colonel reservist in the 77th Brigade which connects with 
the military operation jHub, the ‘innovation centre’ for the Ministry 
of Defence and Strategic Command. jHub has also been involved 
with the civilian National Health Service (NHS) in ‘symptom 
tracing’ the population. The NHS is a key part of this mind control 
network and produced a document in December, 2020, explaining to 
staff how to use psychological manipulation with different groups 
and ages to get them to have the DNA-manipulating ‘Covid vaccine’ 


that’s designed to cumulatively rewrite human genetics. The 
document, called ‘Optimising Vaccination Roll Out — Do’s and Dont’s 
for all messaging, documents and “communications” in the widest 
sense’, was published by NHS England and the NHS Improvement 
Behaviour Change Unit in partnership with Public Health England 
and Warwick Business School. I hear the mantra about ‘save the 
NHS’ and ‘protect the NHS’ when we need to scrap the NHS and 
start again. The current version is far too corrupt, far too anti-human 
and totally compromised by Cult operatives and their assets. UK 
government broadcast media censor Ofcom will connect into this 
web — as will the BBC with its tremendous Ofcom influence — to 
control what the public see and hear and dictate mass perception. 
Nuremberg trials must include personnel from all these 
organisations. 


The fear factor 

The ‘Covid’ hoax has led to the creation of the UK Cabinet Office- 
connected Joint Biosecurity Centre (JBC) which is officially described 
as providing ‘expert advice on pandemics’ using its independent [all 
Cult operations are ‘independent’] analytical function to provide 
real-time analysis about infection outbreaks to identify and respond 
to outbreaks of Covid-19’. Another role is to advise the government 
on a response to spikes in infections — ‘for example by closing 
schools or workplaces in local areas where infection levels have 
risen’. Put another way, promoting the Cult agenda. The Joint 
Biosecurity Centre is modelled on the Joint Terrorism Analysis 
Centre which analyses intelligence to set ‘terrorism threat levels’ and 
here again you see the fusion of civilian and military operations and 
intelligence that has led to military intelligence producing 
documents about ‘vaccine hesitancy’ and how it can be combated. 
Domestic civilian matters and opinions should not be the business of 
the military. The Joint Biosecurity Centre is headed by Tom Hurd, 
director general of the Office for Security and Counter-Terrorism 
from the establishment-to-its-fingertips Hurd family. His father is 
former Foreign Secretary Douglas Hurd. How coincidental that Tom 


Hurd went to the elite Eton College and Oxford University with 
Boris Johnson. Imperial College with its ridiculous computer 
modeller Neil Ferguson will connect with this gigantic web that will 
itself interconnect with similar set-ups in other major and not so 
major countries. Compared with this Cult network the politicians, be 
they Boris Johnson, Donald Trump or Joe Biden, are bit-part players 
‘following the science’. The network of psychologists was on the 
‘Covid’ case from the start with the aim of generating maximum fear 
of the ‘virus’ to ensure compliance by the population. A government 
behavioural science group known as SPI-B produced a paper in 
March, 2020, for discussion by the main government science 
advisory group known as SAGE. It was headed ‘Options for 
increasing adherence to social distancing measures’ and it said the 
following in a section headed ‘Persuasion’: 


e A substantial number of people still do not feel sufficiently 
personally threatened; it could be that they are reassured by the 
low death rate in their demographic group, although levels of 
concern may be rising. Having a good understanding of the risk 
has been found to be positively associated with adoption of 
COVID-19 social distancing measures in Hong Kong. 


e The perceived level of personal threat needs to be increased 
among those who are complacent, using hard-hitting evaluation 
of options for increasing social distancing emotional messaging. 
To be effective this must also empower people by making clear 
the actions they can take to reduce the threat. 


¢ Responsibility to others: There seems to be insufficient 
understanding of, or feelings of responsibility about, people’s role 
in transmitting the infection to others ... Messaging about actions 
need to be framed positively in terms of protecting oneself and 
the community, and increase confidence that they will be effective. 


¢ Some people will be more persuaded by appeals to play by the 
rules, some by duty to the community, and some to personal risk. 


All these different approaches are needed. The messaging also 
needs to take account of the realities of different people’s lives. 
Messaging needs to take account of the different motivational 
levers and circumstances of different people. 


All this could be achieved the SPI-B psychologists said by using the 
media to increase the sense of personal threat which translates as terrify 
the shit out of the population, including children, so they all do what 
we want. That’s not happened has it? Those excuses for ‘journalists’ 
who wouldn’t know journalism if it bit them on the arse (the great 
majority) have played their crucial part in serving this Cult- 
government Psyop to enslave their own kids and grandkids. How 
they live with themselves I have no idea. The psychological war has 
been underpinned by constant government ‘Covid’ propaganda in 
almost every television and radio ad break, plus the Internet and 
print media, which has pounded out the fear with taxpayers footing 
the bill for their own programming. The result has been people 
terrified of a ‘virus’ that doesn’t exist or one with a tiny fatality rate 
even if you believe it does. People walk down the street and around 
the shops wearing face-nappies damaging their health and 
psychology while others report those who refuse to be that naive to 
the police who turn up in their own face-nappies. I had a cameraman 
come to my flat and he was so frightened of ‘Covid’ he came in 
wearing a mask and refused to shake my hand in case he caught 
something. He had — naiveitis — and the thought that he worked in 
the mainstream media was both depressing and made his behaviour 
perfectly explainable. The fear which has gripped the minds of so 
many and frozen them into compliance has been carefully cultivated 
by these psychologists who are really psychopaths. If lives get 
destroyed and a lot of young people commit suicide it shows our 
plan is working. SPI-B then turned to compulsion on the public to 
comply. ‘With adequate preparation, rapid change can be achieved’, 
it said. Some countries had introduced mandatory self-isolation on a 
wide scale without evidence of major public unrest and a large 
majority of the UK’s population appeared to be supportive of more 
coercive measures with 64 percent of adults saying they would 


support putting London under a lockdown (watch the ‘polls’ which 
are designed to make people believe that public opinion is in favour 
or against whatever the subject in hand). 


For ‘aggressive protective measures’ to be effective, the SPI-B 
paper said, special attention should be devoted to those population 
groups that are more at risk. Translated from the Orwellian this 
means making the rest of population feel guilty for not protecting 
the ‘vulnerable’ such as old people which the Cult and its agencies 
were about to kill on an industrial scale with lockdown, lack of 
treatment and the Gates ‘vaccine’. Psychopath psychologists sold 
their guilt-trip so comprehensively that Los Angeles County 
Supervisor Hilda Solis reported that children were apologising (from 
a distance) to their parents and grandparents for bringing ‘Covid’ 
into their homes and getting them sick. ‘... These apologies are just 
some of the last words that loved ones will ever hear as they die 
alone,’ she said. Gut-wrenchingly Solis then used this childhood 
tragedy to tell children to stay at home and ‘keep your loved ones 
alive’. Imagine heaping such potentially life-long guilt on a kid when 
it has absolutely nothing to do with them. These people are deeply 
disturbed and the psychologists behind this even more so. 


Uncivil war — divide and rule 

Professional mind-controllers at SPI-B wanted the media to increase 
a sense of responsibility to others (do as you're told) and promote 
‘positive messaging’ for those actions while in contrast to invoke 
‘social disapproval’ by the unquestioning, obedient, community of 
anyone with a mind of their own. Again the compliant Goebbels-like 
media obliged. This is an old, old, trick employed by tyrannies the 
world over throughout human history. You get the target population 
to keep the target population in line — your line. SPI-B said this could 
‘play an important role in preventing anti-social behaviour or 
discouraging failure to enact pro-social behaviour’. For ‘anti-social’ 
in the Orwellian parlance of SPI-B see any behaviour that 
government doesn’t approve. SPI-B recommendations said that 
‘social disapproval’ should be accompanied by clear messaging and 


promotion of strong collective identity — hence the government and 
celebrity mantra of ‘we're all in this together’. Sure we are. The mind 
doctors have such contempt for their targets that they think some 
clueless comedian, actor or singer telling them to do what the 
government wants will be enough to win them over. We have had 
UK comedian Lenny Henry, actor Michael Caine and singer Elton 
John wheeled out to serve the propagandists by urging people to 
have the DNA-manipulating “Covid’ non-’vaccine’. The role of 
Henry and fellow black celebrities in seeking to coax a ‘vaccine’ 
reluctant black community into doing the government's will was 
especially stomach-turning. An emotion-manipulating script and 
carefully edited video featuring these black ‘celebs’ was such an 
insult to the intelligence of black people and where’s the self-respect 
of those involved selling their souls to a fascist government agenda? 
Henry said he heard black people’s ‘legitimate worries and 
concerns’, but people must “trust the facts’ when they were doing 
exactly that by not having the ‘vaccine’. They had to include the 
obligatory reference to Black Lives Matter with the line ... ‘Don’t let 
coronavirus cost even more black lives — because we matter’. My 
god, it was pathetic. ‘I know the vaccine is safe and what it does.’ 
How? ‘I’m a comedian and it says so in my script.’ 


SPI-B said social disapproval needed to be carefully managed to 
avoid victimisation, scapegoating and misdirected criticism, but they 
knew that their ‘recommendations’ would lead to exactly that and 
the media were specifically used to stir-up the divide-and-conquer 
hostility. Those who conform like good little baa, baas, are praised 
while those who have seen through the tidal wave of lies are 
‘Covidiots’. The awake have been abused by the fast asleep for not 
conforming to fascism and impositions that the awake know are 
designed to endanger their health, dehumanise them, and tear 
asunder the very fabric of human society. We have had the curtain- 
twitchers and morons reporting neighbours and others to the face- 
nappied police for breaking ‘Covid rules’ with fascist police 
delighting in posting links and phone numbers where this could be 
done. The Cult cannot impose its will without a compliant police 


and military or a compliant population willing to play their part in 
enslaving themselves and their kids. The words of a pastor in Nazi 
Germany are so appropriate today: 


First they came for the socialists and | did not speak out because | was not a socialist. 


Then they came for the trade unionists and | did not speak out because | was not a trade 
unionist. 


Then they came for the Jews and | did not speak out because | was not a Jew. 


Then they came for me and there was no one left to speak for me. 


Those who don’t learn from history are destined to repeat it and so 
many are. 


‘Covid' rules: Rewiring the mind 

With the background laid out to this gigantic national and global 
web of psychological manipulation we can put ‘Covid’ rules into a 
clear and sinister perspective. Forget the claims about protecting 
health. ‘Covid’ rules are about dismantling the human mind, 
breaking the human spirit, destroying self-respect, and then putting 
Humpty Dumpty together again as a servile, submissive slave. Social 
isolation through lockdown and distancing have devastating effects 
on the human psyche as the psychological psychopaths well know 
and that’s the real reason for them. Humans need contact with each 
other, discourse, closeness and touch, or they eventually, and 
literarily, go crazy. Masks, which I will address at some length, 
fundamentally add to the effects of isolation and the Cult agenda to 
dehumanise and de-individualise the population. To do this while 
knowing — in fact seeking — this outcome is the very epitome of evil 
and psychologists involved in this are the epitome of evil. They must 
like all the rest of the Cult demons and their assets stand trial for 
crimes against humanity on a scale that defies the imagination. 
Psychopaths in uniform use isolation to break enemy troops and 
agents and make them subservient and submissive to tell what they 
know. The technique is rightly considered a form of torture and 


torture is most certainly what has been imposed on the human 
population. 

Clinically-insane American psychologist Harry Harlow became 
famous for his isolation experiments in the 1950s in which he 
separated baby monkeys from their mothers and imprisoned them 
for months on end in a metal container or ‘pit of despair’. They soon 
began to show mental distress and depression as any idiot could 
have predicted. Harlow put other monkeys in steel chambers for 
three, six or twelve months while denying them any contact with 
animals or humans. He said that the effects of total social isolation 
for six months were ‘so devastating and debilitating that we had 
assumed initially that twelve months of isolation would not produce 
any additional decrement’; but twelve months of isolation ‘almost 
obliterated the animals socially’. This is what the Cult and its 
psychopaths are doing to you and your children. Even monkeys in 
partial isolation in which they were not allowed to form 
relationships with other monkeys became ‘aggressive and hostile, 
not only to others, but also towards their own bodies’. We have seen 
this in the young as a consequence of lockdown. UK government 
psychopaths launched a public relations campaign telling people not 
to hug each other even after they received the ‘Covid-19 vaccine’ 
which we were told with more lies would allow a return to ‘normal 
life’. A government source told The Telegraph: ‘It will be along the 
lines that it is great that you have been vaccinated, but if you are 
going to visit your family and hug your grandchildren there is a 
chance you are going to infect people you love.’ The source was 
apparently speaking from a secure psychiatric facility. Janet Lord, 
director of Birmingham University’s Institute of Inflammation and 
Ageing, said that parents and grandparents should avoid hugging 
their children. Well, how can I put it, Ms Lord? Fuck off. Yep, that'll 
do. 


Destroying the kids — where are the parents? 
Observe what has happened to people enslaved and isolated by 
lockdown as suicide and self-harm has soared worldwide, 


particularly among the young denied the freedom to associate with 
their friends. A study of 49,000 people in English-speaking countries 
concluded that almost half of young adults are at clinical risk of 
mental health disorders. A national survey in America of 1,000 
currently enrolled high school and college students found that 5 
percent reported attempting suicide during the pandemic. Data from 
the US CDC’s National Syndromic Surveillance Program from 
January 1st to October 17th, 2020, revealed a 31 percent increase in 
mental health issues among adolescents aged 12 to 17 compared 
with 2019. The CDC reported that America in general suffered the 
biggest drop in life expectancy since World War Two as it fell by a 
year in the first half of 2020 as a result of ‘deaths of despair’ — 
overdoses and suicides. Deaths of despair have leapt by more than 
20 percent during lockdown and include the highest number of fatal 
overdoses ever recorded in a single year — 81,000. Internet addiction 
is another consequence of being isolated at home which lowers 
interest in physical activities as kids fall into inertia and what's the 
point? Children and young people are losing hope and giving up on 
life, sometimes literally. A 14-year-old boy killed himself in 
Maryland because he had ‘given up’ when his school district didn’t 
reopen; an 11-year-old boy shot himself during a zoom class; a 
teenager in Maine succumbed to the isolation of the ‘pandemic’ 
when he ended his life after experiencing a disrupted senior year at 
school. Children as young as nine have taken their life and all these 
stories can be repeated around the world. Careers are being 
destroyed before they start and that includes those in sport in which 
promising youngsters have not been able to take part. The plan of 
the psycho-psychologists is working all right. Researchers at 
Cambridge University found that lockdowns cause significant harm 
to children’s mental health. Their study was published in the 
Archives of Disease in Childhood, and followed 168 children aged 
between 7 and 11. The researchers concluded: 


During the UK lockdown, children’s depression symptoms have increased substantially, 
relative to before lockdown. The scale of this effect has direct relevance for the continuation 
of different elements of lockdown policy, such as complete or partial school closures ... 


... Specifically, we observed a statistically significant increase in ratings of depression, with a 
medium-to-large effect size. Our findings emphasise the need to incorporate the potential 
impact of lockdown on child mental health in planning the ongoing response to the global 
pandemic and the recovery from it. 


Not a chance when the Cult’s psycho-psychologists were getting 
exactly what they wanted. The UK’s Royal College of Paediatrics and 
Child Health has urged parents to look for signs of eating disorders 
in children and young people after a three to four fold increase. 
Specialists say the ‘pandemic’ is a major reason behind the rise. You 
don’t say. The College said isolation from friends during school 
closures, exam cancellations, loss of extra-curricular activities like 
sport, and an increased use of social media were all contributory 
factors along with fears about the virus (psycho-psychologists 
again), family finances, and students being forced to quarantine. 
Doctors said young people were becoming severely ill by the time 
they were seen with ‘Covid’ regulations reducing face-to-face 
consultations. Nor is it only the young that have been devastated by 
the psychopaths. Like all bullies and cowards the Cult is targeting 
the young, elderly, weak and infirm. A typical story was told by a 
British lady called Lynn Parker who was not allowed to visit her 
husband in 2020 for the last ten and half months of his life ‘when he 
needed me most’ between March 20th and when he died on 
December 19th. This vacates the criminal and enters the territory of 
evil. The emotional impact on the immune system alone is immense 
as are the number of people of all ages worldwide who have died as 
a result of Cult-demanded, Gates-demanded, lockdowns. 


Isolation is torture 


The experience of imposing solitary confinement on millions of 
prisoners around the world has shown how a large percentage 
become ‘actively psychotic and/or acutely suicidal’. Social isolation 
has been found to trigger ‘a specific psychiatric syndrome, 
characterized by hallucinations; panic attacks; overt paranoia; 
diminished impulse control; hypersensitivity to external stimuli; and 
difficulties with thinking, concentration and memory’. Juan Mendez, 


a United Nations rapporteur (investigator), said that isolation is a 
form of torture. Research has shown that even after isolation 
prisoners find it far more difficult to make social connections and I 
remember chatting to a shop assistant after one lockdown who told 
me that when her young son met another child again he had no idea 
how to act or what to do. Hannah Flanagan, Director of Emergency 
Services at Journey Mental Health Center in Dane County, 
Wisconsin, said: ‘The specificity about Covid social distancing and 
isolation that we’ve come across as contributing factors to the 
suicides are really new to us this year.’ But they are not new to those 
that devised them. They are getting the effect they want as the 
population is psychologically dismantled to be rebuilt in a totally 
different way. Children and the young are particularly targeted. 
They will be the adults when the full-on fascist Al-controlled 
technocracy is planned to be imposed and they are being prepared 
to meekly submit. At the same time older people who still have a 
memory of what life was like before — and how fascist the new 
normal really is — are being deleted. You are going to see efforts to 
turn the young against the old to support this geriatric genocide. 
Hannah Flanagan said the big increase in suicide in her county 
proved that social isolation is not only harmful, but deadly. Studies 
have shown that isolation from others is one of the main risk factors 
in suicide and even more so with women. Warnings that lockdown 
could create a ‘perfect storm’ for suicide were ignored. After all this 
was one of the reasons for lockdown. Suicide, however, is only the 
most extreme of isolation consequences. There are many others. Dr 
Dhruv Khullar, assistant professor of healthcare policy at Weill 
Cornell Medical College, said in a New York Times article in 2016 long 
before the fake ‘pandemic’: 


A wave of new research suggests social separation is bad for us. Individuals with less social 
connection have disrupted sleep patterns, altered immune systems, more inflammation and 
higher levels of stress hormones. One recent study found that isolation increases the risk of 
heart disease by 29 percent and stroke by 32 percent. Another analysis that pooled data from 
70 studies and 3.4 million people found that socially isolated individuals had a 30 percent 
higher risk of dying in the next seven years, and that this effect was largest in middle age. 


Loneliness can accelerate cognitive decline in older adults, and isolated individuals are twice 
as likely to die prematurely as those with more robust social interactions. These effects start 
early: Socially isolated children have significantly poorer health 20 years later, even after 
controlling for other factors. All told, loneliness is as important a risk factor for early death as 
obesity and smoking. 


There you have proof from that one article alone four years before 
2020 that those who have enforced lockdown, social distancing and 
isolation knew what the effect would be and that is even more so 
with professional psychologists that have been driving the policy 
across the globe. We can go back even further to the years 2000 and 
2003 and the start of a major study on the effects of isolation on 
health by Dr Janine Gronewold and Professor Dirk M. Hermann at 
the University Hospital in Essen, Germany, who analysed data on 
4,316 people with an average age of 59 who were recruited for the 
long-term research project. They found that socially isolated people 
are more than 40 percent more likely to have a heart attack, stroke, 
or other major cardiovascular event and nearly 50 percent more 
likely to die from any cause. Given the financial Armageddon 
unleashed by lockdown we should note that the study found a 
relationship between increased cardiovascular risk and lack of 
financial support. After excluding other factors social isolation was 
still connected to a 44 percent increased risk of cardiovascular 
problems and a 47 percent increased risk of death by any cause. Lack 
of financial support was associated with a 30 percent increase in the 
risk of cardiovascular health events. Dr Gronewold said it had been 
known for some time that feeling lonely or lacking contact with close 
friends and family can have an impact on physical health and the 
study had shown that having strong social relationships is of high 
importance for heart health. Gronewold said they didn’t understand 
yet why people who are socially isolated have such poor health 
outcomes, but this was obviously a worrying finding, particularly 
during these times of prolonged social distancing. Well, it can be 
explained on many levels. You only have to identify the point in the 
body where people feel loneliness and missing people they are 
parted from — it’s in the centre of the chest where they feel the ache 
of loneliness and the ache of missing people. ‘My heart aches for 


you’ ... ‘My heart aches for some company.’ I will explain this more 
in the chapter Escaping Wetiko, but when you realise that the body 
is the mind — they are expressions of each other — the reason why 
state of the mind dictates state of the body becomes clear. 


American psychologist Ranjit Powar was highlighting the effects 
of lockdown isolation as early as April, 2020. She said humans have 
evolved to be social creatures and are wired to live in interactive 
groups. Being isolated from family, friends and colleagues could be 
unbalancing and traumatic for most people and could result in short 
or even long-term psychological and physical health problems. An 
increase in levels of anxiety, aggression, depression, forgetfulness 
and hallucinations were possible psychological effects of isolation. 
‘Mental conditions may be precipitated for those with underlying 
pre-existing susceptibilities and show up in many others without 
any pre-condition.” Powar said personal relationships helped us cope 
with stress and if we lost this outlet for letting off steam the result 
can be a big emotional void which, for an average person, was 
difficult to deal with. ‘Just a few days of isolation can cause 
increased levels of anxiety and depression’ — so what the hell has 
been the effect on the global population of 18 months of this at the 
time of writing? Powar said: ‘Add to it the looming threat of a 
dreadful disease being repeatedly hammered in through the media 
and you have a recipe for many shades of mental and physical 
distress.’ For those with a house and a garden it is easy to forget that 
billions have had to endure lockdown isolation in tiny overcrowded 
flats and apartments with nowhere to go outside. The psychological 
and physical consequences of this are unimaginable and with lunatic 
and abusive partners and parents the consequences have led to 
tremendous increases in domestic and child abuse and alcoholism as 
people seek to shut out the horror. Ranjit Powar said: 


Staying in a confined space with family is not all a rosy picture for everyone. It can be 
extremely oppressive and claustrophobic for large low-income families huddled together in 
small single-room houses. Children here are not lucky enough to have many board/electronic 
games or books to keep them occupied. 


Add to it the deep insecurity of running out of funds for food and basic necessities. On the 
other hand, there are people with dysfunctional family dynamics, such as domineering, 
abusive or alcoholic partners, siblings or parents which makes staying home a period of trial. 
Incidence of suicide and physical abuse against women has shown a worldwide increase. 
Heightened anxiety and depression also affect a person’s immune system, making them more 
susceptible to illness. 


To think that Powar’s article was published on April 11th, 2020. 


Six-feet fantasy 

Social (unsocial) distancing demanded that people stay six feet or 
two metres apart. UK government advisor Robert Dingwall from the 
New and Emerging Respiratory Virus Threats Advisory Group said 
in a radio interview that the two-metre rule was ‘conjured up out of 
nowhere’ and was not based on science. No, it was not based on 
medical science, but it didn’t come out of nowhere. The distance 
related to psychological science. Six feet/two metres was adopted in 
many countries and we were told by people like the criminal 
Anthony Fauci and his ilk that it was founded on science. Many 
schools could not reopen because they did not have the space for six- 
feet distancing. Then in March, 2021, after a year of six-feet ‘science’, 
a study published in the Journal of Infectious Diseases involving more 
than 500,000 students and almost 100,000 staff over 16 weeks 
revealed no significant difference in “‘Covid’ cases between six feet 
and three feet and Fauci changed his tune. Now three feet was okay. 
There is no difference between six feet and three inches when there is 
no ‘virus’ and they got away with six feet for psychological reasons 
for as long as they could. I hear journalists and others talk about 
‘unintended consequences’ of lockdown. They are not unintended at 
all; they have been coldly-calculated for a specific outcome of human 
control and that’s why super-psychopaths like Gates have called for 
them so vehemently. Super-psychopath psychologists have 
demanded them and psychopathic or clueless, spineless, politicians 
have gone along with them by ‘following the science’. But it’s not 
science at all. ‘Science’ is not what is; it’s only what people can be 
manipulated to believe it is. The whole ‘Covid’ catastrophe is 


founded on mind control. Three word or three statement mantras 
issued by the UK government are a well-known mind control 
technique and so we’ve had ‘Stay home/protect the NHS/save lives’, 
‘Stay alert/control the virus/save lives’ and ‘hands/face/space’. One 
of the most vocal proponents of extreme ‘Covid’ rules in the UK has 
been Professor Susan Michie, a member of the British Communist 
Party, who is not a medical professional. Michie is the director of the 
Centre for Behaviour Change at University College London. She is a 
behavioural psychologist and another filthy rich ‘Marxist’ who praised 
China’s draconian lockdown. She was known by fellow students at 
Oxford University as ‘Stalin’s nanny’ for her extreme Marxism. 
Michie is an influential member of the UK government’s Scientific 
Advisory Group for Emergencies (SAGE) and behavioural 
manipulation groups which have dominated ‘Covid’ policy. She is a 
consultant adviser to the World Health Organization on ‘Covid-19’ 
and behaviour. Why the hell are lockdowns anything to do with her 
when they are claimed to be about health? Why does a behavioural 
psychologist from a group charged with changing the behaviour of 
the public want lockdown, human isolation and mandatory masks? 
Does that question really need an answer? Michie absolutely has to 
explain herself before a Nuremberg court when humanity takes back 
its world again and even more so when you see the consequences of 
masks that she demands are compulsory. This is a Michie classic: 


The benefits of getting primary school children to wear masks is that regardless of what little 
degree of transmission is occurring in those age groups it could help normalise the practice. 
Young children wearing masks may be more likely to get their families to accept masks. 


Those words alone should carry a prison sentence when you 
ponder on the callous disregard for children involved and what a 
statement it makes about the mind and motivations of Susan Michie. 
What a lovely lady and what she said there encapsulates the 
mentality of the psychopaths behind the ‘Covid’ horror. Let us 
compare what Michie said with a countrywide study in Germany 
published at researchsquare.com involving 25,000 school children 
and 17,854 health complaints submitted by parents. Researchers 


found that masks are harming children physically, psychologically, 
and behaviourally with 24 health issues associated with mask 
wearing. They include: shortness of breath (29.7%); dizziness 
(26.4%); increased headaches (53%); difficulty concentrating (50%); 
drowsiness or fatigue (37%); and malaise (42%). Nearly a third of 
children experienced more sleep issues than before and a quarter 
developed new fears. Researchers found health issues and other 
impairments in 68 percent of masked children covering their faces 
for an average of 4.5 hours a day. Hundreds of those taking part 
experienced accelerated respiration, tightness in the chest, weakness, 
and short-term impairment of consciousness. A reminder of what 
Michie said again: 


The benefits of getting primary school children to wear masks is that regardless of what little 
degree of transmission is occurring in those age groups it could help normalise the practice. 
Young children wearing masks may be more likely to get their families to accept masks. 


Psychopaths in government and psychology now have children and 
young people — plus all the adults — wearing masks for hours on end 
while clueless teachers impose the will of the psychopaths on the 
young they should be protecting. What the hell are parents doing? 


We have some schools already imposing on students microchipped 
buzzers that activate when they get ‘too close’ to their pals in the 
way they do with lab rats. How apt. To the Cult and its brain-dead 
servants our children are lab rats being conditioned to be 
unquestioning, dehumanised slaves for the rest of their lives. 
Children and young people are being weaned and frightened away 
from the most natural human instincts including closeness and 
touch. I have tracked in the books over the years how schools were 
banning pupils from greeting each other with a hug and the whole 
Cult-induced Me Too movement has terrified men and boys from a 
relaxed and natural interaction with female friends and work 
colleagues to the point where many men try never to be in a room 


alone with a woman that’s not their partner. Airhead celebrities have 
as always played their virtue-signalling part in making this happen 
with their gross exaggeration. For every monster like Harvey 
Weinstein there are at least tens of thousands of men that don’t treat 
women like that; but everyone must be branded the same and policy 
changed for them as well as the monster. Iam going to be using the 
word ‘dehumanise’ many times in this chapter because that is what 
the Cult is seeking to do and it goes very deep as we shall see. Don’t 
let them kid you that social distancing is planned to end one day. 
That’s not the idea. We are seeing more governments and companies 
funding and producing wearable gadgets to keep people apart and 
they would not be doing that if this was meant to be short-term. A 
tech start-up company backed by GCHQ, the British Intelligence and 
military surveillance headquarters, has created a social distancing 
wrist sensor that alerts people when they get too close to others. The 
CIA has also supported tech companies developing similar devices. 
The wearable sensor was developed by Tended, one of a number of 
start-up companies supported by GCHQ (see the CIA and DARPA). 
The device can be worn on the wrist or as a tag on the waistband and 
will vibrate whenever someone wearing the device breaches social 
distancing and gets anywhere near natural human contact. The 
company had a lucky break in that it was developing a distancing 
sensor when the ‘Covid’ hoax arrived which immediately provided a 
potentially enormous market. How fortunate. The government in 
big-time Cult-controlled Ontario in Canada is investing $2.5 million 
in wearable contact tracing technology that ‘will alert users if they 
may have been exposed to the Covid-19 in the workplace and will 
beep or vibrate if they are within six feet of another person’. 
Facedrive Inc., the technology company behind this, was founded in 
2016 with funding from the Ontario Together Fund and obviously 
they, too, had a prophet on the board of directors. The human 
surveillance and control technology is called TraceSCAN and would 
be worn by the human cyborgs in places such as airports, 
workplaces, construction sites, care homes and ... schools. 


I emphasise schools with children and young people the prime 
targets. You know what is planned for society as a whole if you keep 
your eyes on the schools. They have always been places where the 
state program the next generation of slaves to be its compliant 
worker-ants — or Woker-ants these days; but in the mist of the 
‘Covid’ madness they have been transformed into mind laboratories 
on a scale never seen before. Teachers and head teachers are just as 
programmed as the kids — often more so. Children are kept apart 
from human interaction by walk lanes, classroom distancing, 
staggered meal times, masks, and the rolling-out of buzzer systems. 
Schools are now physically laid out as a laboratory maze for lab-rats. 
Lunatics at a school in Anchorage, Alaska, who should be 
prosecuted for child abuse, took away desks and forced children to 
kneel (know your place) on a mat for five hours a day while wearing 
a mask and using their chairs as a desk. How this was supposed to 
impact on a ‘virus’ only these clinically insane people can tell you 
and even then it would be clap-trap. The school banned recess 
(interaction), art classes (creativity), and physical exercise (getting 
body and mind moving out of inertia). Everyone behind this outrage 
should be in jail or better still a mental institution. The behavioural 
manipulators are all for this dystopian approach to schools. 
Professor Susan Michie, the mind-doctor and British Communist 
Party member, said it was wrong to say that schools were safe. They 
had to be made so by ‘distancing’, masks and ventilation (sitting all 
day in the cold). I must ask this lady round for dinner on a night I 
know I am going to be out and not back for weeks. She probably 
wouldn't be able to make it, anyway, with all the visits to her own 
psychologist she must have block-booked. 


Masking identity 

I know how shocking it must be for you that a behaviour 
manipulator like Michie wants everyone to wear masks which have 
long been a feature of mind-control programs like the infamous 
MKwUltra in the United States, but, there we are. We live and learn. I 
spent many years from 1996 to right across the millennium 


researching mind control in detail on both sides of the Atlantic and 
elsewhere. I met a large number of mind-control survivors and 
many had been held captive in body and mind by MKUltra. MK 
stands for mind-control, but employs the German spelling in 
deference to the Nazis spirited out of Germany at the end of World 
War Two by Operation Paperclip in which the US authorities, with 
help from the Vatican, transported Nazi mind-controllers and 
engineers to America to continue their work. Many of them were 
behind the creation of NASA and they included Nazi scientist and 
SS officer Wernher von Braun who swapped designing V-2 rockets to 
bombard London with designing the Saturn V rockets that powered 
the NASA moon programme’s Apollo craft. I think I may have 
mentioned that the Cult has no borders. Among Paperclip escapees 
was Josef Mengele, the Angel of Death in the Nazi concentration 
camps where he conducted mind and genetic experiments on 
children often using twins to provide a control twin to measure the 
impact of his ‘work’ on the other. If you want to observe the Cult 
mentality in all its extremes of evil then look into the life of Mengele. 
I have met many people who suffered mercilessly under Mengele in 
the United States where he operated under the name Dr Greene and 
became a stalwart of MKUltra programming and torture. Among his 
locations was the underground facility in the Mojave Desert in 
California called the China Lake Naval Weapons Station which is 
almost entirely below the surface. My books The Biggest Secret, 
Children of the Matrix and The Perception Deception have the detailed 
background to MKultra. 


The best-known MKultra survivor is American Cathy O’Brien. I 
first met her and her late partner Mark Phillips at a conference in 
Colorado in 1996. Mark helped her escape and deprogram from 
decades of captivity in an offshoot of MKUltra known as Project 
Monarch in which ‘sex slaves’ were provided for the rich and 
famous including Father George Bush, Dick Cheney and the 
Clintons. Read Cathy and Mark’s book Trance-Formation of America 
and if you are new to this you will be shocked to the core. I read it in 
1996 shortly before, with the usual synchronicity of my life, I found 


myself given a book table at the conference right next to hers. 
MkKUltra never ended despite being very publicly exposed (only a 
small part of it) in the 1970s and continues in other guises. I am still 
in touch with Cathy. She contacted me during 2020 after masks 
became compulsory in many countries to tell me how they were 
used as part of MKUltra programming. I had been observing “Covid 
regulations’ and the relationship between authority and public for 
months. I saw techniques that I knew were employed on individuals 
in MKUltra being used on the global population. I had read many 
books and manuals on mind control including one called Silent 
Weapons for Quiet Wars which came to light in the 1980s and was a 
guide on how to perceptually program on a mass scale. ‘Silent 
Weapons’ refers to mind-control. I remembered a line from the 
manual as governments, medical authorities and law enforcement 
agencies have so obviously talked to — or rather at — the adult 
population since the ‘Covid’ hoax began as if they are children. The 
document said: 


If a person is spoken to by a T.V. advertiser as if he were a twelve-year-old, then, due to 
suggestibility, he will, with a certain probability, respond or react to that suggestion with the 
uncritical response of a twelve-year-old and will reach in to his economic reservoir and 
deliver its energy to buy that product on impulse when he passes it in the store. 


That’s why authority has spoken to adults like children since all this 
began. 


Why did Michael Jackson wear masks? 

Every aspect of the ‘Covid’ narrative has mind-control as its central 
theme. Cathy O’Brien wrote an article for davidicke.com about the 
connection between masks and mind control. Her daughter Kelly 
who I first met in the 1990s was born while Cathy was still held 
captive in MKUltra. Kelly was forced to wear a mask as part of her 
programming from the age of two to dehumanise her, target her 
sense of individuality and reduce the amount of oxygen her brain 
and body received. Bingo. This is the real reason for compulsory 


masks, why they have been enforced en masse, and why they seek to 
increase the number they demand you wear. First one, then two, 
with one disgraceful alleged ‘doctor’ recommending four which is 
nothing less than a death sentence. Where and how often they must 
be worn is being expanded for the purpose of mass mind control 
and damaging respiratory health which they can call ‘Covid-19’. 
Canada’s government headed by the man-child Justin Trudeau, says 
it’s fine for children of two and older to wear masks. An insane 
‘study’ in Italy involving just 47 children concluded there was no 
problem for babies as young as four months wearing them. Even after 
people were ‘vaccinated’ they were still told to wear masks by the 
criminal that is Anthony Fauci. Cathy wrote that mandating masks 
is allowing the authorities literally to control the air we breathe 
which is what was done in MKUltra. You might recall how the 
singer Michael Jackson wore masks and there is a reason for that. He 
was subjected to MKUltra mind control through Project Monarch 
and his psyche was scrambled by these simpletons. Cathy wrote: 


In MKUltra Project Monarch mind control, Michael Jackson had to wear a mask to silence his 
voice so he could not reach out for help. Remember how he developed that whisper voice 
when he wasn’t singing? Masks control the mind from the outside in, like the redefining of 
words is doing. By controlling what we can and cannot say for fear of being labeled racist or 
beaten, for example, it ultimately controls thought that drives our words and ultimately actions 
(or lack thereof). 


Likewise, a mask muffles our speech so that we are not heard, which controls voice ... words 
... mind. This is Mind Control. Masks are an obvious mind control device, and | am disturbed 
so many people are complying on a global scale. Masks depersonalize while making a person 
feel as though they have no voice. It is a barrier to others. People who would never choose to 
comply but are forced to wear a mask in order to keep their job, and ultimately their family 
fed, are compromised. They often feel shame and are subdued. People have stopped talking 
with each other while media controls the narrative. 


The ‘no voice’ theme has often become literal with train 
passengers told not to speak to each other in case they pass on the 
‘virus’, singing banned for the same reason and bonkers California 
officials telling people riding roller coasters that they cannot shout 
and scream. Cathy said she heard every day from healed MKUltra 
survivors who cannot wear a mask without flashing back on ways 


their breathing was controlled — ‘from ball gags and penises to water 
boarding’. She said that through the years when she saw images of 
people in China wearing masks ‘due to pollution’ that it was really 
to control their oxygen levels. ‘I knew it was as much of a population 
control mechanism of depersonalisation as are burkas’, she said. 
Masks are another Chinese communist/fascist method of control that 
has been swept across the West as the West becomes China at 
lightning speed since we entered 2020. 


Mask-19 


There are other reasons for mandatory masks and these include 
destroying respiratory health to call it ‘Covid-19’ and stunting brain 
development of children and the young. Dr Margarite Griesz- 
Brisson MD, PhD, is a Consultant Neurologist and 
Neurophysiologist and the Founder and Medical Director of the 
London Neurology and Pain Clinic. Her CV goes down the street 
and round the corner. She is clearly someone who cares about people 
and won't parrot the propaganda. Griesz-Brisson has a PhD in 
pharmacology, with special interest in neurotoxicology, 
environmental medicine, neuroregeneration and neuroplasticity (the 
way the brain can change in the light of information received). She 
went public in October, 2020, with a passionate warning about the 
effects of mask-wearing laws: 


The reinhalation of our exhaled air will without a doubt create oxygen deficiency and a 
flooding of carbon dioxide. We know that the human brain is very sensitive to oxygen 
deprivation. There are nerve cells for example in the hippocampus that can’t be longer than 3 
minutes without oxygen — they cannot survive. The acute warning symptoms are headaches, 
drowsiness, dizziness, issues in concentration, slowing down of reaction time — reactions of 
the cognitive system. 


Oh, I know, let’s tell bus, truck and taxi drivers to wear them and 
people working machinery. How about pilots, doctors and police? 
Griesz-Brisson makes the important point that while the symptoms 
she mentions may fade as the body readjusts this does not alter the 
fact that people continue to operate in oxygen deficit with long list of 


potential consequences. She said it was well known that 
neurodegenerative diseases take years or decades to develop. ‘If 
today you forget your phone number, the breakdown in your brain 
would have already started 20 or 30 years ago.’ She said 
degenerative processes in your brain are getting amplified as your 
oxygen deprivation continues through wearing a mask. Nerve cells 
in the brain are unable to divide themselves normally in these 
circumstances and lost nerve cells will no longer be regenerated. 
‘What is gone is gone.’ Now consider that people like shop workers 
and schoolchildren are wearing masks for hours every day. What in 
the name of sanity is going to be happening to them? ‘I do not wear 
a mask, I need my brain to think’, Griesz-Brisson said, ‘I want to 
have a clear head when I deal with my patients and not be ina 
carbon dioxide-induced anaesthesia’. If you are told to wear a mask 
anywhere ask the organisation, police, store, whatever, for their risk 
assessment on the dangers and negative effects on mind and body of 
enforcing mask-wearing. They won't have one because it has never 
been done not even by government. All of them must be subject to 
class-action lawsuits as the consequences come to light. They don’t 
do mask risk assessments for an obvious reason. They know what 
the conclusions would be and independent scientific studies that 
have been done tell a horror story of consequences. 


‘Masks are criminal 

Dr Griesz-Brisson said that for children and adolescents, masks are 
an absolute no-no. They had an extremely active and adaptive 
immune system and their brain was incredibly active with so much 
to learn. “The child’s brain, or the youth’s brain, is thirsting for 
oxygen.’ The more metabolically active an organ was, the more 
oxygen it required; and in children and adolescents every organ was 
metabolically active. Griesz-Brisson said that to deprive a child’s or 
adolescent's brain of oxygen, or to restrict it in any way, was not only 
dangerous to their health, it was absolutely criminal. ‘Oxygen 
deficiency inhibits the development of the brain, and the damage 
that has taken place as a result CANNOT be reversed.’ Mind 


manipulators of MKUltra put masks on two-year-olds they wanted 
to neurologically rewire and you can see why. Griesz-Brisson said a 
child needs the brain to learn and the brain needs oxygen to 
function. ‘We don’t need a clinical study for that. This is simple, 
indisputable physiology.’ Consciously and purposely induced 
oxygen deficiency was an absolutely deliberate health hazard, and 
an absolute medical contraindication which means that ‘this drug, 
this therapy, this method or measure should not be used, and is not 
allowed to be used’. To coerce an entire population to use an 
absolute medical contraindication by force, she said, there had to be 
definite and serious reasons and the reasons must be presented to 
competent interdisciplinary and independent bodies to be verified 
and authorised. She had this warning of the consequences that were 
coming if mask wearing continued: 


When, in ten years, dementia is going to increase exponentially, and the younger generations 
couldn’t reach their god-given potential, it won’t help to say ‘we didn’t need the masks’. | 
know how damaging oxygen deprivation is for the brain, cardiologists know how damaging it 
is for the heart, pulmonologists know how damaging it is for the lungs. Oxygen deprivation 
damages every single organ. Where are our health departments, our health insurance, our 
medical associations? It would have been their duty to be vehemently against the lockdown 
and to stop it and stop it from the very beginning. 


Why do the medical boards issue punishments to doctors who give people exemptions? Does 
the person or the doctor seriously have to prove that oxygen deprivation harms people? What 
kind of medicine are our doctors and medical associations representing? Who is responsible 
for this crime? The ones who want to enforce it? The ones who let it happen and play along, 
or the ones who don’t prevent it? 


All of the organisations and people she mentions there either 
answer directly to the Cult or do whatever hierarchical levels above 
them tell them to do. The outcome of both is the same. ‘It’s not about 
masks, it’s not about viruses, it’s certainly not about your health’, 
Griesz-Brisson said. ‘It is about much, much more. I am not 
participating. Iam not afraid.’ They were taking our air to breathe 
and there was no unfounded medical exemption from face masks. 
Oxygen deprivation was dangerous for every single brain. It had to 
be the free decision of every human being whether they want to 


wear a mask that was absolutely ineffective to protect themselves 
from a virus. She ended by rightly identifying where the 
responsibility lies for all this: 


The imperative of the hour is personal responsibility. We are responsible for what we think, 
not the media. We are responsible for what we do, not our superiors. We are responsible for 
our health, not the World Health Organization. And we are responsible for what happens in 
our country, not the government. 


Halle-bloody-lujah. 


But surgeons wear masks, right? 

Independent studies of mask-wearing have produced a long list of 
reports detailing mental, emotional and physical dangers. What a 
definition of insanity to see police officers imposing mask-wearing 
on the public which will cumulatively damage their health while the 
police themselves wear masks that will cumulatively damage their 
health. It’s utter madness and both public and police do this because 
‘the government says so’ — yes a government of brain-donor idiots 
like UK Health Secretary Matt Hancock reading the ‘follow the 
science’ scripts of psychopathic, lunatic psychologists. The response 
you get from Stockholm syndrome sufferers defending the very 
authorities that are destroying them and their families is that 
‘surgeons wear masks’. This is considered the game, set and match 
that they must work and don’t cause oxygen deficit. Well, actually, 
scientific studies have shown that they do and oxygen levels are 
monitored in operating theatres to compensate. Surgeons wear 
masks to stop spittle and such like dropping into open wounds — not 
to stop ‘viral particles’ which are so miniscule they can only be seen 
through an electron microscope. Holes in the masks are significantly 
bigger than ‘viral particles’ and if you sneeze or cough they will 
breach the mask. I watched an incredibly disingenuous ‘experiment’ 
that claimed to prove that masks work in catching ‘virus’ material 
from the mouth and nose. They did this with a slow motion camera 
and the mask did block big stuff which stayed inside the mask and 


against the face to be breathed in or cause infections on the face as 
we have seen with many children. ‘Viral particles’, however, would 
never have been picked up by the camera as they came through the 
mask when they are far too small to be seen. The ‘experiment’ was 
therefore disingenuous and useless. 


Studies have concluded that wearing masks in operating theatres 
(and thus elsewhere) make no difference to preventing infection 
while the opposite is true with toxic shite building up in the mask 
and this had led to an explosion in tooth decay and gum disease 
dubbed by dentists ‘mask mouth’. You might have seen the Internet 
video of a furious American doctor urging people to take off their 
masks after a four-year-old patient had been rushed to hospital the 
night before and nearly died with a lung infection that doctors 
sourced to mask wearing. A study in the journal Cancer Discovery 
found that inhalation of harmful microbes can contribute to 
advanced stage lung cancer in adults and long-term use of masks 
can help breed dangerous pathogens. Microbiologists have said 
frequent mask wearing creates a moist environment in which 
microbes can grow and proliferate before entering the lungs. The 
Canadian Agency for Drugs and Technologies in Health, or CADTH, 
a Canadian national organisation that provides research and 
analysis to healthcare decision-makers, said this as long ago as 2013 
in a report entitled ‘Use of Surgical Masks in the Operating Room: A 
Review of the Clinical Effectiveness and Guidelines’. It said: 


¢ No evidence was found to support the use of surgical face masks 
to reduce the frequency of surgical site infections 


¢ No evidence was found on the effectiveness of wearing surgical 
face masks to protect staff from infectious material in the 
operating room. 

¢ Guidelines recommend the use of surgical face masks by staff in 
the operating room to protect both operating room staff and 
patients (despite the lack of evidence). 


We were told that the world could go back to ‘normal’ with the 
arrival of the ‘vaccines’. When they came, fraudulent as they are, the 
story changed as I knew that it would. We are in the midst of 
transforming ‘normal’, not going back to it. Mary Ramsay, head of 
immunisation at Public Health England, echoed the words of US 
criminal Anthony Fauci who said masks and other regulations must 
stay no matter if people are vaccinated. The Fauci idiot continued to 
wear two masks — different colours so both could be clearly seen — 
after he claimed to have been vaccinated. Senator Rand Paul told 
Fauci in one exchange that his double-masks were ‘theatre’ and he 
was right. It’s all theatre. Mary Ramsay back-tracked on the vaccine- 
return-to-normal theme when she said the public may need to wear 
masks and social-distance for years despite the jabs. ‘People have got 
used to those lower-level restrictions now, and [they] can live with 
them’, she said telling us what the idea has been all along. ‘The 
vaccine does not give you a pass, even if you have had it, you must 
continue to follow all the guidelines’ said a Public Health England 
statement which reneged on what we had been told before and 
made having the ‘vaccine’ irrelevant to ‘normality’ even by the 
official story. Spain’s fascist government trumped everyone by 
passing a law mandating the wearing of masks on the beach and 
even when swimming in the sea. The move would have devastated 
what's left of the Spanish tourist industry, posed potential breathing 
dangers to swimmers and had Northern European sunbathers 
walking around with their forehead brown and the rest of their face 
white as a sheet. The ruling was so crazy that it had to be retracted 
after pressure from public and tourist industry, but it confirmed 
where the Cult wants to go with masks and how clinically insane 
authority has become. The determination to make masks permanent 
and hide the serious dangers to body and mind can be seen in the 
censorship of scientist Professor Denis Rancourt by Bill Gates- 
funded academic publishing website ResearchGate over his papers 
exposing the dangers and uselessness of masks. Rancourt said: 


ResearchGate today has permanently locked my account, which | have had since 2015. Their 
reasons graphically show the nature of their attack against democracy, and their corruption of 


science ... By their obscene non-logic, a scientific review of science articles reporting on 
harms caused by face masks has a ‘potential to cause harm’. No criticism of the psychological 
device (face masks) is tolerated, if the said criticism shows potential to influence public policy. 


This is what happens in a fascist world. 


Where are the ‘greens (again)? 

Other dangers of wearing masks especially regularly relate to the 
inhalation of minute plastic fibres into the lungs and the deluge of 
discarded masks in the environment and oceans. Estimates 
predicted that more than 1.5 billion disposable masks will end up in 
the world’s oceans every year polluting the water with tons of plastic 
and endangering marine wildlife. Studies project that humans are 
using 129 billion face masks each month worldwide — about three 
million a minute. Most are disposable and made from plastic, non- 
biodegradable microfibers that break down into smaller plastic 
particles that become widespread in ecosystems. They are littering 
cities, clogging sewage channels and turning up in bodies of water. I 
have written in other books about the immense amounts of 
microplastics from endless sources now being absorbed into the 
body. Rolf Halden, director of the Arizona State University (ASU) 
Biodesign Center for Environmental Health Engineering, was the 
senior researcher in a 2020 study that analysed 47 human tissue 
samples and found microplastics in all of them. ‘We have detected 
these chemicals of plastics in every single organ that we have 
investigated’, he said. I wrote in The Answer about the world being 
deluged with microplastics. A study by the Worldwide Fund for 
Nature (WWE) found that people are consuming on average every 
week some 2,000 tiny pieces of plastic mostly through water and also 
through marine life and the air. Every year humans are ingesting 
enough microplastics to fill a heaped dinner plate and in a life-time 
of 79 years it is enough to fill two large waste bins. Marco 
Lambertini, WWF International director general said: ‘Not only are 
plastics polluting our oceans and waterways and killing marine life — 
it’s in all of us and we can’t escape consuming plastics,’ American 


geologists found tiny plastic fibres, beads and shards in rainwater 
samples collected from the remote slopes of the Rocky Mountain 
National Park near Denver, Colorado. Their report was headed: ‘It is 
raining plastic.’ Rachel Adams, senior lecturer in Biomedical Science 
at Cardiff Metropolitan University, said that among health 
consequences are internal inflammation and immune responses to a 
‘foreign body’. She further pointed out that microplastics become 
carriers of toxins including mercury, pesticides and dioxins (a 
known cause of cancer and reproductive and developmental 
problems). These toxins accumulate in the fatty tissues once they 
enter the body through microplastics. Now this is being 
compounded massively by people putting plastic on their face and 
throwing it away. 

Workers exposed to polypropylene plastic fibres known as ‘flock’ 
have developed ‘flock worker’s lung’ from inhaling small pieces of 
the flock fibres which can damage lung tissue, reduce breathing 
capacity and exacerbate other respiratory problems. Now ... 
commonly used surgical masks have three layers of melt-blown 
textiles made of ... polypropylene. We have billions of people 
putting these microplastics against their mouth, nose and face for 
hours at a time day after day in the form of masks. How does 
anyone think that will work out? Imean — what could possibly go 
wrong? We posted a number of scientific studies on this at 
davidicke.com, but when I went back to them as I was writing this 
book the links to the science research website where they were 
hosted were dead. Anything that challenges the official narrative in 
any way is either censored or vilified. The official narrative is so 
unsupportable by the evidence that only deleting the truth can 
protect it. A study by Chinese scientists still survived — with the 
usual twist which it why it was still active, I guess. Yes, they found 
that virtually all the masks they tested increased the daily intake of 
microplastic fibres, but people should still wear them because the 
danger from the ‘virus’ was worse said the crazy ‘team’ from the 
Institute of Hydrobiology in Wuhan. Scientists first discovered 
microplastics in lung tissue of some patients who died of lung cancer 


in the 1990s. Subsequent studies have confirmed the potential health 
damage with the plastic degrading slowly and remaining in the 
lungs to accumulate in volume. Wuhan researchers used a machine 
simulating human breathing to establish that masks shed up to 
nearly 4,000 microplastic fibres in a month with reused masks 
producing more. Scientists said some masks are laced with toxic 
chemicals and a variety of compounds seriously restricted for both 
health and environmental reasons. They include cobalt (used in blue 
dye) and formaldehyde known to cause watery eyes, burning 
sensations in the eyes, nose, and throat, plus coughing, wheezing 
and nausea. No — that must be ‘Covid-19’. 


Mask ‘worms’ 

There is another and potentially even more sinister content of masks. 
Mostly new masks of different makes filmed under a microscope 
around the world have been found to contain strange black fibres or 
‘worms’ that appear to move or ‘crawl’ by themselves and react to 
heat and water. The nearest I have seen to them are the self- 
replicating fibres that are pulled out through the skin of those 
suffering from Morgellons disease which has been connected to the 
phenomena of ‘chemtrails’ which I will bring into the story later on. 
Morgellons fibres continue to grow outside the body and have a 
form of artificial intelligence. Black ‘worm’ fibres in masks have that 
kind of feel to them and there is a nanotechnology technique called 
‘worm micelles’ which carry and release drugs or anything else you 
want to deliver to the body. For sure the suppression of humanity by 
mind altering drugs is the Cult agenda big time and the more 
excuses they can find to gain access to the body the more 
opportunities there are to make that happen whether through 
‘vaccines’ or masks pushed against the mouth and nose for hours on 
end. 


So let us summarise the pros and cons of masks: 


Against masks: Breathing in your own carbon dioxide; depriving the 
body and brain of sufficient oxygen; build-up of toxins in the mask 
that can be breathed into the lungs and cause rashes on the face and 
‘mask-mouth’; breathing microplastic fibres and toxic chemicals into 
the lungs; dehumanisation and deleting individualisation by literally 
making people faceless; destroying human emotional interaction 
through facial expression and deleting parental connection with 
their babies which look for guidance to their facial expression. 


For masks: They don’t protect you from a ‘virus’ that doesn’t exist 
and even if it did ‘viral’ particles are so minute they are smaller than 
the holes in the mask. 


Governments, police, supermarkets, businesses, transport 
companies, and all the rest who seek to impose masks have done no 
risk assessment on their consequences for health and psychology 
and are now open to group lawsuits when the impact becomes clear 
with a cumulative epidemic of respiratory and other disease. 
Authorities will try to exploit these effects and hide the real cause by 
dubbing them ‘Covid-19’. Can you imagine setting out to force the 
population to wear health-destroying masks without doing any 
assessment of the risks? It is criminal and it is evil, but then how 
many people targeted in this way, who see their children told to 
wear them all day at school, have asked for a risk assessment? 
Billions can’t be imposed upon by the few unless the billions allow it. 
Oh, yes, with just a tinge of irony, 85 percent of all masks made 
worldwide come from China. 


‘Covid’ rules include the use of toxic sanitisers and again the health 
consequences of constantly applying toxins to be absorbed through 
the skin is obvious to any level of Renegade Mind. America’s Food 
and Drug Administration (FDA) said that sanitisers are drugs and 
issued a warning about 75 dangerous brands which contain 


methanol used in antifreeze and can cause death, kidney damage 
and blindness. The FDA circulated the following warning even for 
those brands that it claims to be safe: 


Store hand sanitizer out of the reach of pets and children, and children should use it only with 
adult supervision. Do not drink hand sanitizer. This is particularly important for young 
children, especially toddlers, who may be attracted by the pleasant smell or brightly colored 
bottles of hand sanitizer. 


Drinking even a small amount of hand sanitizer can cause alcohol poisoning in children. 
(However, there is no need to be concerned if your children eat with or lick their hands after 
using hand sanitizer.) During this coronavirus pandemic, poison control centers have had an 
increase in calls about accidental ingestion of hand sanitizer, so it is important that adults 
monitor young children’s use. 


Do not allow pets to swallow hand sanitizer. If you think your pet has eaten something 
potentially dangerous, call your veterinarian or a pet poison control center right away. Hand 
sanitizer is flammable and should be stored away from heat and flames. When using hand 
sanitizer, rub your hands until they feel completely dry before performing activities that may 
involve heat, sparks, static electricity, or open flames. 


There you go, perfectly safe, then, and that’s without even a mention 
of the toxins absorbed through the skin. Come on kids — sanitise 
your hands everywhere you go. It will save you from the ‘virus’. Put 
all these elements together of the ‘Covid’ normal and see how much 
health and psychology is being cumulatively damaged, even 
devastated, to ‘protect your health’. Makes sense, right? They are 
only imposing these things because they care, right? Right? 


Submitting to insanity 

Psychological reframing of the population goes very deep and is 
done in many less obvious ways. I hear people say how 
contradictory and crazy ‘Covid’ rules are and how they are ever 
changing. This is explained away by dismissing those involved as 
idiots. It is a big mistake. The Cult is delighted if its cold calculation 
is perceived as incompetence and idiocy when it is anything but. Oh, 
yes, there are idiots within the system — lots of them — but they are 
administering the Cult agenda, mostly unknowingly. They are not 
deciding and dictating it. The bulwark against tyranny is self- 


respect, always has been, always will be. It is self-respect that has 
broken every tyranny in history. By its very nature self-respect will 
not bow to oppression and its perpetrators. There is so little self- 
respect that it’s always the few that overturn dictators. Many may 
eventually follow, but the few with the iron spines (self-respect) kick 
it off and generate the momentum. The Cult targets self-respect in 
the knowledge that once this has gone only submission remains. 
Crazy, contradictory, ever-changing ‘Covid’ rules are systematically 
applied by psychologists to delete self-respect. They want you to see 
that the rules make no sense. It is one thing to decide to do 
something when you have made the choice based on evidence and 
logic. You still retain your self-respect. It is quite another when you 
can see what you are being told to do is insane, ridiculous and 
makes no sense, and yet you still do it. Your self-respect is 
extinguished and this has been happening as ever more obviously 
stupid and nonsensical things have been demanded and the great 
majority have complied even when they can see they are stupid and 
nonsensical. 

People walk around in face-nappies knowing they are damaging 
their health and make no difference to a ‘virus’. They do it in fear of 
not doing it. I know it’s daft, but I’ll do it anyway. When that 
happens something dies inside of you and submissive reframing has 
begun. Next there’s a need to hide from yourself that you have 
conceded your self-respect and you convince yourself that you have 
not really submitted to fear and intimidation. You begin to believe 
that you are complying with craziness because it’s the right thing to 
do. When first you concede your self-respect of 2+2 = 4 to 2+2 =5 you 
know you are compromising your self-respect. Gradually to avoid 
facing that fact you begin to believe that 2+2=5. You have been 
reframed and I have been watching this process happening in the 
human psyche on an industrial scale. The Cult is working to break 
your spirit and one of its major tools in that war is humiliation. I 
read how former American soldier Bradley Manning (later Chelsea 
Manning after a sex-change) was treated after being jailed for 
supplying WikiLeaks with documents exposing the enormity of 


government and elite mendacity. Manning was isolated in solitary 
confinement for eight months, put under 24-hour surveillance, 
forced to hand over clothing before going to bed, and stand naked 
for every roll call. This is systematic humiliation. The introduction of 
anal swab ‘Covid’ tests in China has been done for the same reason 
to delete self-respect and induce compliant submission. Anal swabs 
are mandatory for incoming passengers in parts of China and 
American diplomats have said they were forced to undergo the 
indignity which would have been calculated humiliation by the 
Cult-owned Chinese government that has America in its sights. 


Government-people: An abusive relationship 

Spirit-breaking psychological techniques include giving people hope 
and apparent respite from tyranny only to take it away again. This 
happened in the UK during Christmas, 2020, when the psycho- 
psychologists and their political lackeys announced an easing of 
restrictions over the holiday only to reimpose them almost 
immediately on the basis of yet another lie. There is a big 
psychological difference between getting used to oppression and 
being given hope of relief only to have that dashed. Psychologists 
know this and we have seen the technique used repeatedly. Then 
there is traumatising people before you introduce more extreme 
regulations that require compliance. A perfect case was the 
announcement by the dark and sinister Whitty and Vallance in the 
UK that ‘new data’ predicted that 4,000 could die every day over the 
winter of 2020/2021 if we did not lockdown again. I think they call it 
lying and after traumatising people with that claim out came 
Jackboot Johnson the next day with new curbs on human freedom. 
Psychologists know that a frightened and traumatised mind 
becomes suggestable to submission and behaviour reframing. 
Underpinning all this has been to make people fearful and 
suspicious of each other and see themselves as a potential danger to 
others. In league with deleted self-respect you have the perfect 
psychological recipe for self-loathing. The relationship between 
authority and public is now demonstrably the same as that of 


subservience to an abusive partner. These are signs of an abusive 
relationship explained by psychologist Leslie Becker-Phelps: 


Psychological and emotional abuse: Undermining a partner’s 
self-worth with verbal attacks, name-calling, and belittling. 
Humiliating the partner in public, unjustly accusing them of having 
an affair, or interrogating them about their every behavior. Keeping 
partner confused or off balance by saying they were just kidding or 
blaming the partner for ‘making’ them act this way ... Feigning in 
public that they care while turning against them in private. This 
leads to victims frequently feeling confused, incompetent, unworthy, 
hopeless, and chronically self-doubting. [Apply these techniques to 
how governments have treated the population since New Year, 2020, 
and the parallels are obvious. ] 


Physical abuse: The abuser might physically harm their partner in 
a range of ways, such as grabbing, hitting, punching, or shoving 
them. They might throw objects at them or harm them with a 
weapon. [Observe the physical harm imposed by masks, lockdown, 
and so on.] 


Threats and intimidation: One way abusers keep their partners in 
line is by instilling fear. They might be verbally threatening, or give 
threatening looks or gestures. Abusers often make it known that 
they are tracking their partner’s every move. They might destroy 
their partner’s possessions, threaten to harm them, or threaten to 
harm their family members. Not surprisingly, victims of this abuse 
often feel anxiety, fear, and panic. [No words necessary. ] 


Isolation: Abusers often limit their partner’s activities, forbidding 
them to talk or interact with friends or family. They might limit 
access to a car or even turn off their phone. All of this might be done 
by physically holding them against their will, but is often 
accomplished through psychological abuse and intimidation. The 
more isolated a person feels, the fewer resources they have to help 
gain perspective on their situation and to escape from it. [No words 
necessary. | 


Economic abuse: Abusers often make their partners beholden to 
them for money by controlling access to funds of any kind. They 
might prevent their partner from getting a job or withhold access to 
money they earn from a job. This creates financial dependency that 
makes leaving the relationship very difficult. [See destruction of 
livelihoods and the proposed meagre ‘guaranteed income’ so long as 
you do whatever you are told.] 


Using children: An abuser might disparage their partner’s 
parenting skills, tell their children lies about their partner, threaten 
to take custody of their children, or threaten to harm their children. 
These tactics instil fear and often elicit compliance. [See reframed 
social service mafia and how children are being mercilessly abused 
by the state over ‘Covid’ while their parents look on too frightened 
to do anything. ] 

A further recurring trait in an abusive relationship is the abused 
blaming themselves for their abuse and making excuses for the 
abuser. We have the public blaming each other for lockdown abuse 
by government and many making excuses for the government while 
attacking those who challenge the government. How often we have 
heard authorities say that rules are being imposed or reimposed only 
because people have refused to ‘behave’ and follow the rules. We 
don’t want to do it — it’s you. 

Renegade Minds are an antidote to all of these things. They will 
never concede their self-respect no matter what the circumstances. 
Even when apparent humiliation is heaped upon them they laugh in 
its face and reflect back the humiliation on the abuser where it 
belongs. Renegade Minds will never wear masks they know are only 
imposed to humiliate, suppress and damage both physically and 
psychologically. Consequences will take care of themselves and they 
will never break their spirit or cause them to concede to tyranny. UK 
newspaper columnist Peter Hitchens was one of the few in the 
mainstream media to speak out against lockdowns and forced 
vaccinations. He then announced he had taken the jab. He wanted to 
see family members abroad and he believed vaccine passports were 
inevitable even though they had not yet been introduced. Hitchens 


has a questioning and critical mind, but not a Renegade one. If he 
had no amount of pressure would have made him concede. Hitchens 
excused his action by saying that the battle has been lost. Renegade 
Minds never accept defeat when freedom is at stake and even if they 
are the last one standing the self-respect of not submitting to tyranny 
is more important than any outcome or any consequence. 

That’s why Renegade Minds are the only minds that ever changed 
anything worth changing. 


CHAPTER EIGHT 
‘Reframing insanity 


Insanity is relative. It depends on who has who locked in what cage 
Ray Bradbury 


eframing’ a mind means simply to change its perception and 

behaviour. This can be done subconsciously to such an extent 
that subjects have no idea they have been ‘reframed’ while to any 
observer changes in behaviour and attitudes are obvious. 


Human society is being reframed on a ginormous scale since the 
start of 2020 and here we have the reason why psychologists rather 
than doctors have been calling the shots. Ask most people who have 
succumbed to ‘Covid’ reframing if they have changed and most will 
say ‘no’; but they have and fundamentally. The Cult’s long-game has 
been preparing for these times since way back and crucial to that has 
been to prepare both population and officialdom mentally and 
emotionally. To use the mind-control parlance they had to reframe 
the population with a mentality that would submit to fascism and 
reframe those in government and law enforcement to impose 
fascism or at least go along with it. The result has been the fact- 
deleted mindlessness of “Wokeness’ and officialdom that has either 
enthusiastically or unquestioningly imposed global tyranny 
demanded by reframed politicians on behalf of psychopathic and 
deeply evil cultists. ‘Cognitive reframing’ identifies and challenges 
the way someone sees the world in the form of situations, 
experiences and emotions and then restructures those perceptions to 
view the same set of circumstances in a different way. This can have 


benefits if the attitudes are personally destructive while on the other 
side it has the potential for individual and collective mind control 
which the subject has no idea has even happened. 

Cognitive therapy was developed in the 1960s by Aaron T. Beck 
who was born in Rhode Island in 1921 as the son of Jewish 
immigrants from the Ukraine. He became interested in the 
techniques as a treatment for depression. Beck’s daughter Judith S. 
Beck is prominent in the same field and they founded the Beck 
Institute for Cognitive Behavior Therapy in Philadelphia in 1994. 
Cognitive reframing, however, began to be used worldwide by those 
with a very dark agenda. The Cult reframes politicians to change 
their attitudes and actions until they are completely at odds with 
what they once appeared to stand for. The same has been happening 
to government administrators at all levels, law enforcement, military 
and the human population. Cultists love mind control for two main 
reasons: It allows them to control what people think, do and say to 
secure agenda advancement and, by definition, it calms their 
legendary insecurity and fear of the unexpected. I have studied mind 
control since the time I travelled America in 1996. I may have been 
talking to next to no one in terms of an audience in those years, but 
my goodness did I gather a phenomenal amount of information and 
knowledge about so many things including the techniques of mind 
control. I have described this in detail in other books going back to 
The Biggest Secret in 1998. I met a very large number of people 
recovering from MKuUltra and its offshoots and successors and I 
began to see how these same techniques were being used on the 
population in general. This was never more obvious than since the 
‘Covid’ hoax began. 


Reframing the enforcers 

I have observed over the last two decades and more the very clear 
transformation in the dynamic between the police, officialdom and 
the public. I tracked this in the books as the relationship mutated 
from one of serving the public to seeing them as almost the enemy 
and certainly a lower caste. There has always been a class divide 


based on income and always been some psychopathic, corrupt, and 
big-I-am police officers. This was different. Wholesale change was 
unfolding in the collective dynamic; it was less about money and far 
more about position and perceived power. An us-and-them was 
emerging. Noses were lifted skyward by government administration 
and law enforcement and their attitude to the public they were 
supposed to be serving changed to one of increasing contempt, 
superiority and control. The transformation was so clear and 
widespread that it had to be planned. Collective attitudes and 
dynamics do not change naturally and organically that quickly on 
that scale. I then came across an organisation in Britain called 
Common Purpose created in the late 1980s by Julia Middleton who 
would work in the office of Deputy Prime Minister John Prescott 
during the long and disastrous premiership of war criminal Tony 
Blair. When Blair speaks the Cult is speaking and the man should 
have been in jail a long time ago. Common Purpose proclaims itself 
to be one of the biggest ‘leadership development’ organisations in 
the world while functioning as a charity with all the financial benefits 
which come from that. It hosts ‘leadership development’ courses and 
programmes all over the world and claims to have ‘brought 
together’ what it calls ‘leaders’ from more than 100 countries on six 
continents. The modus operandi of Common Purpose can be 
compared with the work of the UK government's reframing network 
that includes the Behavioural Insights Team ‘nudge unit’ and 
‘Covid’ reframing specialists at SPI-B. WikiLeaks described 
Common Purpose long ago as ‘a hidden virus in our government 
and schools’ which is unknown to the general public: ‘It recruits and 
trains “leaders” to be loyal to the directives of Common Purpose and 
the EU, instead of to their own departments, which they then 
undermine or subvert, the NHS [National Health Service] being an 
example.’ This is a vital point to understand the ‘Covid’ hoax. The 
NHS, and its equivalent around the world, has been utterly reframed 
in terms of administrators and much of the medical personnel with 
the transformation underpinned by recruitment policies. The 
outcome has been the criminal and psychopathic behaviour of the 


NHS over ‘Covid’ and we have seen the same in every other major 
country. WikiLeaks said Common Purpose trainees are ‘learning to 
rule without regard to democracy’ and to usher in a police state 
(current events explained). Common Purpose operated like a ‘glue’ 
and had members in the NHS, BBC, police, legal profession, church, 
many of Britain’s 7,000 quangos, local councils, the Civil Service, 
government ministries and Parliament, and controlled many RDA’s 
(Regional Development Agencies). Here we have one answer for 
how and why British institutions and their like in other countries 
have changed so negatively in relation to the public. This further 
explains how and why the beyond-disgraceful reframed BBC has 
become a propaganda arm of ‘Covid’ fascism. They are all part of a 
network pursuing the same goal. 

By 2019 Common Purpose was quoting a figure of 85,000 ‘leaders’ 
that had attended its programmes. These ‘students’ of all ages are 
known as Common Purpose ‘graduates’ and they consist of 
government, state and local government officials and administrators, 
police chiefs and officers, and a whole range of others operating 
within the national, local and global establishment. Cressida Dick, 
Commissioner of the London Metropolitan Police, is the Common 
Purpose graduate who was the ‘Gold Commander’ that oversaw 
what can only be described as the murder of Brazilian electrician 
Jean Charles de Menezes in 2005. He was held down by 
psychopathic police and shot seven times in the head by a 
psychopathic lunatic after being mistaken for a terrorist when he 
was just a bloke going about his day. Dick authorised officers to 
pursue and keep surveillance on de Menezes and ordered that he be 
stopped from entering the underground train system. Police 
psychopaths took her at her word clearly. She was ‘disciplined’ for 
this outrage by being promoted — eventually to the top of the ‘Met’ 
police where she has been a disaster. Many Chief Constables 
controlling the police in different parts of the UK are and have been 
Common Purpose graduates. I have heard the ‘graduate’ network 
described as a sort of Mafia or secret society operating within the 
fabric of government at all levels pursuing a collective policy 


ingrained at Common Purpose training events. Founder Julia 
Middleton herself has said: 


Locally and internationally, Common Purpose graduates will be ‘lighting small fires’ to create 
change in their organisations and communities ... The Common Purpose effect is best 
illustrated by the many stories of small changes brought about by leaders, who themselves 
have changed. 


A Common Purpose mission statement declared: 


Common Purpose aims to improve the way society works by expanding the vision, decision- 
making ability and influence of all kinds of leaders. The organisation runs a variety of 
educational programmes for leaders of all ages, backgrounds and sectors, in order to provide 
them with the inspirational, information and opportunities they need to change the world. 


Yes, but into what? Since 2020 the answer has become clear. 


NLP and the Delphi technique 

Common Purpose would seem to be a perfect name or would 
common programming be better? One of the foundation methods of 
reaching ‘consensus’ (group think) is by setting the agenda theme 
and then encouraging, cajoling or pressuring everyone to agree a 
‘consensus’ in line with the core theme promoted by Common 
Purpose. The methodology involves the ‘Delphi technique’, or an 
adaption of it, in which opinions are expressed that are summarised 
by a ‘facilitator or change agent’ at each stage. Participants are 
‘encouraged’ to modify their views in the light of what others have 
said. Stage by stage the former individual opinions are merged into 
group consensus which just happens to be what Common Purpose 
wants them to believe. A key part of this is to marginalise anyone 
refusing to concede to group think and turn the group against them 
to apply pressure to conform. We are seeing this very technique used 
on the general population to make ‘Covid’ group-thinkers hostile to 
those who have seen through the bullshit. People can be reframed by 
using perception manipulation methods such as Neuro-Linguistic 
Programming (NLP) in which you change perception with the use of 


carefully constructed language. An NLP website described the 
technique this way: 


... A method of influencing brain behaviour (the ‘neuro’ part of the phrase) through the use of 
language (the ‘linguistic’ part) and other types of communication to enable a person to 
‘recode’ the way the brain responds to stimuli (that’s the ‘programming’) and manifest new 
and better behaviours. Neuro-Linguistic Programming often incorporates hypnosis and self- 
hypnosis to help achieve the change (or ‘programming’) that is wanted. 


British alternative media operation UKColumn has done very 
detailed research into Common Purpose over a long period. I quoted 
co-founder and former naval officer Brian Gerrish in my book 
Remember Who You Are, published in 2011, as saying the following 
years before current times: 


It is interesting that many of the mothers who have had children taken by the State speak of 
the Social Services people being icily cool, emotionless and, as two ladies said in slightly 
different words, ‘... like little robots’. We know that NLP is cumulative, so people can be 
given small imperceptible doses of NLP in a course here, another in a few months, next year 
etc. In this way, major changes are accrued in their personality, but the day by day change is 
almost unnoticeable. 


In these and other ways ‘graduates’ have had their perceptions 
uniformly reframed and they return to their roles in the institutions 
of government, law enforcement, legal profession, military, 
‘education’, the UK National Health Service and the whole swathe of 
the establishment structure to pursue a common agenda preparing 
for the ‘post-industrial’, “post-democratic’ society. I say ‘preparing’ 
but we are now there. ‘Post-industrial’ is code for the Great Reset 
and ‘post-democratic’ is ‘Covid’ fascism. UKColumn has spoken to 
partners of those who have attended Common Purpose ‘training’. 
They have described how personalities and attitudes of ‘graduates’ 
changed very noticeably for the worse by the time they had 
completed the course. They had been ‘reframed’ and told they are 
the ‘leaders’ — the special ones — who know better than the 
population. There has also been the very demonstrable recruitment 
of psychopaths and narcissists into government administration at all 


levels and law enforcement. If you want psychopathy hire 
psychopaths and you get a simple cause and effect. If you want 
administrators, police officers and ‘leaders’ to perceive the public as 
lesser beings who don’t matter then employ narcissists. These 
personalities are identified using ‘psychometrics’ that identifies 
knowledge, abilities, attitudes and personality traits, mostly through 
carefully-designed questionnaires and tests. As this policy has 
passed through the decades we have had power-crazy, power- 
trippers appointed into law enforcement, security and government 
administration in preparation for current times and the dynamic 
between public and law enforcement/officialdom has been 
transformed. UKColumn’s Brian Gerrish said of the narcissistic 
personality: 


Their love of themselves and power automatically means that they will crush others who get 
in their way. | received a major piece of the puzzle when a friend pointed out that when they 
made public officials re-apply for their own jobs several years ago they were also required to 
do psychometric tests. This was undoubtedly the start of the screening process to get ‘their’ 
sort of people in post. 


How obvious that has been since 2020 although it was clear what 
was happening long before if people paid attention to the changing 
public-establishment dynamic. 


Change agents 

At the centre of events in ‘Covid’ Britain is the National Health 
Service (NHS) which has behaved disgracefully in slavishly 
following the Cult agenda. The NHS management structure is awash 
with Common Purpose graduates or ‘change agents’ working to a 
common cause. Helen Bevan, a Chief of Service Transformation at 
the NHS Institute for Innovation and Improvement, co-authored a 
document called ‘Towards a million change agents, a review of the 
social movements literature: implications for large scale change in 
the NHS’. The document compared a project management approach 
to that of change and social movements where ‘people change 


themselves and each other — peer to peer’. Two definitions given for 
a ‘social movement’ were: 


A group of people who consciously attempt to build a radically new social 
order; involves people of a broad range of social backgrounds; and deploys 
politically confrontational and socially disruptive tactics - Cyrus 
Zirakzadeh 1997 


Collective challenges, based on common purposes and social solidarities, in 
sustained interaction with elites, opponents, and authorities — Sidney 
Tarrow 1994 


Helen Bevan wrote another NHS document in which she defined 
‘framing’ as ‘the process by which leaders construct, articulate and 
put across their message in a powerful and compelling way in order 
to win people to their cause and call them to action’. I think I could 
come up with another definition that would be rather more accurate. 
The National Health Service and institutions of Britain and the wider 
world have been taken over by reframed ‘change agents’ and that 
includes everything from the United Nations to national 
governments, local councils and social services which have been 
kidnapping children from loving parents on an extraordinary and 
gathering scale on the road to the end of parenthood altogether. 
Children from loving homes are stolen and kidnapped by the state 
and put into the ‘care’ (inversion) of the local authority through 
council homes, foster parents and forced adoption. At the same time 
children are allowed to be abused without response while many are 
under council ‘care’. UKColumn highlighted the Common Purpose 
connection between South Yorkshire Police and Rotherham council 
officers in the case of the scandal in that area of the sexual 
exploitation of children to which the authorities turned not one blind 
eye, but both: 


We were alarmed to discover that the Chief Executive, the Strategic Director of Children and 
Young People’s Services, the Manager for the Local Strategic Partnership, the Community 
Cohesion Manager, the Cabinet Member for Cohesion, the Chief Constable and his 
predecessor had all attended Leadership training courses provided by the pseudo-charity 
Common Purpose. 


Once ‘change agents’ have secured positions of hire and fire within 
any organisation things start to move very quickly. Personnel are 
then hired and fired on the basis of whether they will work towards 
the agenda the change agent represents. If they do they are rapidly 
promoted even though they may be incompetent. Those more 
qualified and skilled who are pre-Common Purpose ‘old school’ see 
their careers stall and even disappear. This has been happening for 
decades in every institution of state, police, ‘health’ and social 
services and all of them have been transformed as a result in their 
attitudes to their jobs and the public. Medical professions, including 
nursing, which were once vocations for the caring now employ 
many cold, callous and couldn’t give a shit personality types. The 
UKColumn investigation concluded: 


By blurring the boundaries between people, professions, public and private sectors, 
responsibility and accountability, Common Purpose encourages ‘graduates’ to believe that as 
new selected leaders, they can work together, outside of the established political and social 
structures, to achieve a paradigm shift or CHANGE — so called ‘Leading Beyond Authority’. In 
doing so, the allegiance of the individual becomes ‘reframed’ on CP colleagues and their 
NETWORK. 


Nowhere has this process been more obvious than in the police 
where recruitment of psychopaths and development of 
unquestioning mind-controlled group-thinkers have transformed 
law enforcement into a politically-correct ‘Woke’ joke and a travesty 
of what should be public service. Today they wear their face-nappies 
like good little gofers and enforce ‘Covid’ rules which are fascism 
under another name. Alongside the specifically-recruited 
psychopaths we have software minds incapable of free thought. 
Brian Gerrish again: 


An example is the policeman who would not get on a bike for a press photo because he had 
not done the cycling proficiency course. Normal people say this is political correctness gone 
mad. Nothing could be further from the truth. The policeman has been reframed, and in his 

reality it is perfect common sense not to get on the bike ‘because he hasn’t done the cycling 
course’. 


Another example of this is where the police would not rescue a boy from a pond until they 
had taken advice from above on the ‘risk assessment’. A normal person would have arrived, 
perhaps thought of the risk for a moment, and dived in. To the police now ‘reframed’, they 
followed ‘normal’ procedure. 


There are shocking cases of reframed ambulance crews doing the 
same. Sheer unthinking stupidity of London Face-Nappies headed 
by Common Purpose graduate Cressida Dick can be seen in their 
behaviour at a vigil in March, 2021, for a murdered woman, Sarah 
Everard. A police officer had been charged with the crime. Anyone 
with a brain would have left the vigil alone in the circumstances. 
Instead they ‘manhandled’ women to stop them breaking ‘Covid 
rules’ to betray classic reframing. Minds in the thrall of perception 
control have no capacity for seeing a situation on its merits and 
acting accordingly. ‘Rules is rules’ is their only mind-set. My father 
used to say that rules and regulations are for the guidance of the 
intelligent and the blind obedience of the idiot. Most of the 
intelligent, decent, coppers have gone leaving only the other kind 
and a few old school for whom the job must be a daily nightmare. 
The combination of psychopaths and rule-book software minds has 
been clearly on public display in the ‘Covid’ era with automaton 
robots in uniform imposing fascistic ‘Covid’ regulations on the 
population without any personal initiative or judging situations on 
their merits. There are thousands of examples around the world, but 
I’ll make my point with the infamous Derbyshire police in the 
English East Midlands — the ones who think pouring dye into beauty 
spots and using drones to track people walking in the countryside 
away from anyone is called ‘policing’. To them there are rules 
decreed by the government which they have to enforce and in their 
bewildered state a group gathering in a closed space and someone 
walking alone in the countryside are the same thing. It is beyond 
idiocy and enters the realm of clinical insanity. 


Police officers in Derbyshire said they were ‘horrified’ — horrified — 
to find 15 to 20 ‘irresponsible’ kids playing a football match at a 
closed leisure centre ‘in breach of coronavirus restrictions’. When 
they saw the police the kids ran away leaving their belongings 
behind and the reframed men and women of Derbyshire police were 
seeking to establish their identities with a view to fining their 
parents. The most natural thing for youngsters to do — kicking a ball 
about — is turned into a criminal activity and enforced by the 
moronic software programs of Derbyshire police. You find the same 
mentality in every country. These barely conscious ‘horrified’ officers 
said they had to take action because ‘we need to ensure these rules 
are being followed’ and ‘it is of the utmost importance that you 
ensure your children are following the rules and regulations for 
Covid-19’. Had any of them done ten seconds of research to see if 
this parroting of their masters’ script could be supported by any 
evidence? Nope. Reframed people don’t think — others think for 
them and that’s the whole idea of reframing. I have seen police 
officers one after the other repeating without question word for 
word what officialdom tells them just as I have seen great swathes of 
the public doing the same. Ask either for ‘their’ opinion and out 
spews what they have been told to think by the official narrative. 
Police and public may seem to be in different groups, but their 
mentality is the same. Most people do whatever they are told in fear 
not doing so or because they believe what officialdom tells them; 
almost the entirety of the police do what they are told for the same 
reason. Ultimately it’s the tiny inner core of the global Cult that’s 
telling both what to do. 

So Derbyshire police were ‘horrified’. Oh, really? Why did they 
think those kids were playing football? It was to relieve the 
psychological consequences of lockdown and being denied human 
contact with their friends and interaction, touch and discourse vital 
to human psychological health. Being denied this month after month 
has dismantled the psyche of many children and young people as 
depression and suicide have exploded. Were Derbyshire police 
horrified by that? Are you kidding? Reframed people don’t have those 


mental and emotional processes that can see how the impact on the 
psychological health of youngsters is far more dangerous than any 
‘virus’ even if you take the mendacious official figures to be true. The 
reframed are told (programmed) how to act and so they do. The 
Derbyshire Chief Constable in the first period of lockdown when the 
black dye and drones nonsense was going on was Peter Goodman. 
He was the man who severed the connection between his force and 
the Derbyshire Constabulary Male Voice Choir when he decided that 
it was not inclusive enough to allow women to join. The fact it was a 
male voice choir making a particular sound produced by male voices 
seemed to elude a guy who terrifyingly ran policing in Derbyshire. 
He retired weeks after his force was condemned as disgraceful by 
former Supreme Court Justice Jonathan Sumption for their 
behaviour over extreme lockdown impositions. Goodman was 
replaced by his deputy Rachel Swann who was in charge when her 
officers were ‘horrified’. The police statement over the boys 
committing the hanging-offence of playing football included the line 
about the youngsters being ‘irresponsible in the times we are all 
living through’ missing the point that the real relevance of the ‘times 
we are all living through’ is the imposition of fascism enforced by 
psychopaths and reframed minds of police officers playing such a 
vital part in establishing the fascist tyranny that their own children 
and grandchildren will have to live in their entire lives. As a 
definition of insanity that is hard to beat although it might be run 
close by imposing masks on people that can have a serious effect on 
their health while wearing a face nappy all day themselves. Once 
again public and police do it for the same reason — the authorities tell 
them to and who are they to have the self-respect to say no? 


Wokers in uniform 

How reframed do you have to be to arrest a six-year-old and take him 
to court for picking a flower while waiting for a bus? Brain dead police 
and officialdom did just that in North Carolina where criminal 
proceedings happen regularly for children under nine. Attorney 
Julie Boyer gave the six-year-old crayons and a colouring book 


during the ‘flower’ hearing while the ‘adults’ decided his fate. 
County Chief District Court Judge Jay Corpening asked: ‘Should a 
child that believes in Santa Claus, the Easter Bunny and the tooth 
fairy be making life-altering decisions?’ Well, of course not, but 
common sense has no meaning when you have a common purpose 
and a reframed mind. Treating children in this way, and police 
operating in American schools, is all part of the psychological 
preparation for children to accept a police state as normal all their 
adult lives. The same goes for all the cameras and biometric tracking 
technology in schools. Police training is focused on reframing them 
as snowflake Wokers and this is happening in the military. Pentagon 
top brass said that ‘training sessions on extremism’ were needed for 
troops who asked why they were so focused on the Capitol Building 
riot when Black Lives Matter riots were ignored. What’s the 
difference between them some apparently and rightly asked. 
Actually, there is a difference. Five people died in the Capitol riot, 
only one through violence, and that was a police officer shooting an 
unarmed protestor. BLM riots killed at least 25 people and cost 
billions. Asking the question prompted the psychopaths and 
reframed minds that run the Pentagon to say that more ‘education’ 
(programming) was needed. Troop training is all based on 
psychological programming to make them fodder for the Cult — 
‘Military men are just dumb, stupid animals to be used as pawns in 
foreign policy’ as Cult-to-his-DNA former Secretary of State Henry 
Kissinger famously said. Governments see the police in similar terms 
and it’s time for those among them who can see this to defend the 
people and stop being enforcers of the Cult agenda upon the people. 
The US military, like the country itself, is being targeted for 
destruction through a long list of Woke impositions. Cult-owned 
gaga ‘President’ Biden signed an executive order when he took office 
to allow taxpayer money to pay for transgender surgery for active 
military personnel and veterans. Are you a man soldier? No, I’ma 
LGBTOQIA+ with a hint of Skoliosexual and Spectrasexual. Oh, good 
man. Bad choice of words you bigot. The Pentagon announced in 
March, 2021, the appointment of the first ‘diversity and inclusion 


officer’ for US Special Forces. Richard Torres-Estrada arrived with 
the publication of a ‘D&I Strategic Plan which will guide the 
enterprise-wide effort to institutionalize and sustain D&l’. If you 
think a Special Forces ‘Strategic Plan’ should have something to do 
with defending America you haven’t been paying attention. 
Defending Woke is now the military’s new role. Torres-Estrada has 
posted images comparing Donald Trump with Adolf Hitler and we 
can expect no bias from him as a representative of the supposedly 
non-political Pentagon. Cable news host Tucker Carlson said: ‘The 
Pentagon is now the Yale faculty lounge but with cruise missiles.’ 
Meanwhile Secretary of Defense Lloyd Austin, a board member of 
weapons-maker Raytheon with stock and compensation interests in 
October, 2020, worth $1.4 million, said he was purging the military 
of the ‘enemy within’ — anyone who isn’t Woke and supports Donald 
Trump. Austin refers to his targets as ‘racist extremists’ while in true 
Woke fashion being himself a racist extremist. Pentagon documents 
pledge to ‘eradicate, eliminate and conquer all forms of racism, 
sexism and homophobia’. The definitions of these are decided by 
‘diversity and inclusion committees’ peopled by those who see 
racism, sexism and homophobia in every situation and opinion. 
Woke (the Cult) is dismantling the US military and purging 
testosterone as China expands its military and gives its troops 
‘masculinity training’. How do we think that is going to end when 
this is all Cult coordinated? The US military, like the British military, 
is controlled by Woke and spineless top brass who just go along with 
it out of personal career interests. 


‘Woke’ means fast asleep 

Mind control and perception manipulation techniques used on 
individuals to create group-think have been unleashed on the global 
population in general. As a result many have no capacity to see the 
obvious fascist agenda being installed all around them or what 
‘Covid’ is really all about. Their brains are firewalled like a computer 
system not to process certain concepts, thoughts and realisations that 
are bad for the Cult. The young are most targeted as the adults they 


will be when the whole fascist global state is planned to be fully 
implemented. They need to be prepared for total compliance to 
eliminate all pushback from entire generations. The Cult has been 
pouring billions into taking complete control of ‘education’ from 
schools to universities via its operatives and corporations and not 
least Bill Gates as always. The plan has been to transform ‘education’ 
institutions into programming centres for the mentality of “Woke’. 
James McConnell, professor of psychology at the University of 
Michigan, wrote in Psychology Today in 1970: 


The day has come when we can combine sensory deprivation with drugs, hypnosis, and 
astute manipulation of reward and punishment, to gain almost absolute control over an 
individual’s behaviour. It should then be possible to achieve a very rapid and highly effective 
type of brainwashing that would allow us to make dramatic changes in a person’s behaviour 
and personality ... 


... We should reshape society so that we all would be trained from birth to want to do what 
society wants us to do. We have the techniques to do it... no-one owns his own personality 
you acquired, and there’s no reason to believe you should have the right to refuse to acquire a 
new personality if your old one is anti-social. 


This was the potential for mass brainwashing in 1970 and the 
mentality there displayed captures the arrogant psychopathy that 
drives it forward. I emphasise that not all young people have 
succumbed to Woke programming and those that haven’t are 
incredibly impressive people given that today’s young are the most 
perceptually-targeted generations in history with all the technology 
now involved. Vast swathes of the young generations, however, have 
fallen into the spell — and that’s what it is — of Woke. The Woke 
mentality and perceptual program is founded on inversion and you 
will appreciate later why that is so significant. Everything with Woke 
is inverted and the opposite of what it is claimed to be. Woke was a 
term used in African-American culture from the 1900s and referred 
to an awareness of social and racial justice. This is not the meaning 
of the modern version or ‘New Woke’ as I call it in The Answer. Oh, 
no, Woke today means something very different no matter how 
much Wokers may seek to hide that and insist Old Woke and New 


Woke are the same. See if you find any ‘awareness of social justice’ 
here in the modern variety: 


e¢ Woke demands ‘inclusivity’ while excluding anyone with a 
different opinion and calls for mass censorship to silence other 
views. 


e Woke claims to stand against oppression when imposing 
oppression is the foundation of all that it does. It is the driver of 
political correctness which is nothing more than a Cult invention 
to manipulate the population to silence itself. 


¢ Woke believes itself to be ‘liberal’ while pursuing a global society 
that can only be described as fascist (see ‘anti-fascist’ fascist 
Antifa). 


¢ Woke calls for ‘social justice’ while spreading injustice wherever it 
goes against the common ‘enemy’ which can be easily identified 
as a differing view. 


e Woke is supposed to be a metaphor for ‘awake’ when it is solid- 
gold asleep and deep in a Cult-induced coma that meets the 
criteria for ‘off with the fairies’. 


I state these points as obvious facts if people only care to look. I 
don’t do this with a sense of condemnation. We need to appreciate 
that the onslaught of perceptual programming on the young has 
been incessant and merciless. I can understand why so many have 
been reframed, or, given their youth, framed from the start to see the 
world as the Cult demands. The Cult has had access to their minds 
day after day in its ‘education’ system for their entire formative 
years. Perception is formed from information received and the Cult- 
created system is a life-long download of information delivered to 
elicit a particular perception, thus behaviour. The more this has 
expanded into still new extremes in recent decades and ever- 
increasing censorship has deleted other opinions and information 
why wouldn't that lead to a perceptual reframing on a mass scale? I 


have described already cradle-to-grave programming and in more 
recent times the targeting of young minds from birth to adulthood 
has entered the stratosphere. This has taken the form of skewing 
what is ‘taught’ to fit the Cult agenda and the omnipresent 
techniques of group-think to isolate non-believers and pressure them 
into line. There has always been a tendency to follow the herd, but 
we really are in anew world now in relation to that. We have parents 
who can see the ‘Covid’ hoax told by their children not to stop them 
wearing masks at school, being “Covid’ tested or having the ‘vaccine’ 
in fear of the peer-pressure consequences of being different. What is 
‘peer-pressure’ if not pressure to conform to group-think? Renegade 
Minds never group-think and always retain a set of perceptions that 
are unique to them. Group-think is always underpinned by 
consequences for not group-thinking. Abuse now aimed at those 
refusing DNA-manipulating ‘Covid vaccines’ are a potent example 
of this. The biggest pressure to conform comes from the very group 
which is itself being manipulated. ‘I am programmed to be part of a 
hive mind and so you must be.’ 


Woke control structures in ‘education’ now apply to every 
mainstream organisation. Those at the top of the ‘education’ 
hierarchy (the Cult) decide the policy. This is imposed on 
governments through the Cult network; governments impose it on 
schools, colleges and universities; their leadership impose the policy 
on teachers and academics and they impose it on children and 
students. At any level where there is resistance, perhaps from a 
teacher or university lecturer, they are targeted by the authorities 
and often fired. Students themselves regularly demand the dismissal 
of academics (increasingly few) at odds with the narrative that the 
students have been programmed to believe in. It is quite a thought 
that students who are being targeted by the Cult become so 
consumed by programmed group-think that they launch protests 
and demand the removal of those who are trying to push back 
against those targeting the students. Such is the scale of perceptual 
inversion. We see this with ‘Covid’ programming as the Cult 
imposes the rules via psycho-psychologists and governments on 


shops, transport companies and businesses which impose them on 
their staff who impose them on their customers who pressure 
Pushbackers to conform to the will of the Cult which is in the 
process of destroying them and their families. Scan all aspects of 
society and you will see the same sequence every time. 


Fact free Woke and hijacking the ‘left 

There is no more potent example of this than ‘Woke’, a mentality 
only made possible by the deletion of factual evidence by an 
‘education’ system seeking to produce an ever more uniform society. 
Why would you bother with facts when you don’t know any? 
Deletion of credible history both in volume and type is highly 
relevant. Orwell said: ‘Who controls the past controls the future: 
who controls the present controls the past.’ They who control the 
perception of the past control the perception of the future and they 
who control the present control the perception of the past through 
the writing and deleting of history. Why would you oppose the 
imposition of Marxism in the name of Wokeism when you don’t 
know that Marxism cost at least 100 million lives in the 20th century 
alone? Watch videos and read reports in which Woker generations 
are asked basic historical questions — it’s mind-blowing. A survey of 
2,000 people found that six percent of millennials (born 
approximately early1980s to early 2000s) believed the Second World 
War (1939-1945) broke out with the assassination of President 
Kennedy (in 1963) and one in ten thought Margaret Thatcher was 
British Prime Minister at the time. She was in office between 1979 
and 1990. We are in a post-fact society. Provable facts are no defence 
against the fascism of political correctness or Silicon Valley 
censorship. Facts don’t matter anymore as we have witnessed with 
the ‘Covid’ hoax. Sacrificing uniqueness to the Woke group-think 
religion is all you are required to do and that means thinking for 
yourself is the biggest Woke no, no. All religions are an expression of 
group-think and censorship and Woke is just another religion with 
an orthodoxy defended by group-think and censorship. Burned at 


the stake becomes burned on Twitter which leads back eventually to 
burned at the stake as Woke humanity regresses to ages past. 


The biggest Woke inversion of all is its creators and funders. I 
grew up in a traditional left of centre political household on a 
council estate in Leicester in the 1950s and 60s — you know, the left 
that challenged the power of wealth-hoarding elites and threats to 
freedom of speech and opinion. In those days students went on 
marches defending freedom of speech while today’s Wokers march 
for its deletion. What on earth could have happened? Those very 
elites (collectively the Cult) that we opposed in my youth and early 
life have funded into existence the antithesis of that former left and 
hijacked the ‘brand’ while inverting everything it ever stood for. We 
have a mentality that calls itself ‘liberal’ and ‘progressive’ while 
acting like fascists. Cult billionaires and their corporations have 
funded themselves into control of ‘education’ to ensure that Woke 
programming is unceasing throughout the formative years of 
children and young people and that non-Wokers are isolated (that 
word again) whether they be students, teachers or college professors. 
The Cult has funded into existence the now colossal global network 
of Woke organisations that have spawned and promoted all the 
‘causes’ on the Cult wish-list for global transformation and turned 
Wokers into demanders of them. Does anyone really think it’s a 
coincidence that the Cult agenda for humanity is a carbon (sorry) 
copy of the societal transformations desired by Woke?? These are 
only some of them: 


Political correctness: The means by which the Cult deletes all public 
debates that it knows it cannot win if we had the free-flow of 
information and evidence. 


Human-caused ‘climate change’: The means by which the Cult 
seeks to transform society into a globally-controlled dictatorship 
imposing its will over the fine detail of everyone’s lives ‘to save the 
planet’ which doesn’t actually need saving. 


Transgender obsession: Preparing collective perception to accept the 
‘new human’ which would not have genders because it would be 
created technologically and not through procreation. I'll have much 
more on this in Human 2.0. 


Race obsession: The means by which the Cult seeks to divide and 
rule the population by triggering racial division through the 
perception that society is more racist than ever when the opposite is 
the case. Is it perfect in that regard? No. But to compare today with 
the racism of apartheid and segregation brought to an end by the 
civil rights movement in the 1960s is to insult the memory of that 
movement and inspirations like Martin Luther King. Why is the 
‘anti-racism’ industry (which it is) so dominated by privileged white 
people? 


White supremacy: This is a label used by privileged white people to 
demonise poor and deprived white people pushing back on tyranny 
to marginalise and destroy them. White people are being especially 
targeted as the dominant race by number within Western society 
which the Cult seeks to transform in its image. If you want to change 
a society you must weaken and undermine its biggest group and 
once you have done that by using the other groups you next turn on 
them to do the same ... ‘Then they came for the Jews and I was not a 
Jew so I did nothing.’ 


Mass migration: The mass movement of people from the Middle 
East, Africa and Asia into Europe, from the south into the United 
States and from Asia into Australia are another way the Cult seeks to 
dilute the racial, cultural and political influence of white people on 
Western society. White people ask why their governments appear to 
be working against them while being politically and culturally 
biased towards incoming cultures. Well, here’s your answer. In the 
same way sexually ‘straight’ people, men and women, ask why the 


authorities are biased against them in favour of other sexualities. The 
answer is the same — that’s the way the Cult wants it to be for very 
sinister motives. 


These are all central parts of the Cult agenda and central parts of the 
Woke agenda and Woke was created and continues to be funded to 
an immense degree by Cult billionaires and corporations. If anyone 
begins to say ‘coincidence’ the syllables should stick in their throat. 


Billionaire ‘social justice warriors’ 

Joe Biden is a 100 percent-owned asset of the Cult and the Wokers’ 
man in the White House whenever he can remember his name and 
for however long he lasts with his rapidly diminishing cognitive 
function. Even walking up the steps of an aircraft without falling on 
his arse would appear to be a challenge. He’s not an empty-shell 
puppet or anything. From the minute Biden took office (or the Cult 
did) he began his executive orders promoting the Woke wish-list. 
You will see the Woke agenda imposed ever more severely because 
it’s really the Cult agenda. Woke organisations and activist networks 
spawned by the Cult are funded to the extreme so long as they 
promote what the Cult wants to happen. Woke is funded to promote 
‘social justice’ by billionaires who become billionaires by destroying 
social justice. The social justice mantra is only a cover for 
dismantling social justice and funded by billionaires that couldn't 
give a damn about social justice. Everything makes sense when you 
see that. One of Woke’s premier funders is Cult billionaire financier 
George Soros who said: ‘I am basically there to make money, I 
cannot and do not look at the social consequences of what I do.’ This 
is the same Soros who has given more than $32 billion to his Open 
Society Foundations global Woke network and funded Black Lives 
Matter, mass immigration into Europe and the United States, 
transgender activism, climate change activism, political correctness 
and groups targeting ‘white supremacy’ in the form of privileged 
white thugs that dominate Antifa. What a scam it all is and when 


you are dealing with the unquestioning fact-free zone of Woke 
scamming them is child’s play. All you need to pull it off in all these 
organisations are a few in-the-know agents of the Cult and an army 
of naive, reframed, uninformed, narcissistic, know-nothings 
convinced of their own self-righteousness, self-purity and virtue. 


Soros and fellow billionaires and billionaire corporations have 
poured hundreds of millions into Black Lives Matter and connected 
groups and promoted them to a global audience. None of this is 
motivated by caring about black people. These are the billionaires 
that have controlled and exploited a system that leaves millions of 
black people in abject poverty and deprivation which they do 
absolutely nothing to address. The same Cult networks funding 
BLM were behind the slave trade! Black Lives Matter hijacked a 
phrase that few would challenge and they have turned this laudable 
concept into a political weapon to divide society. You know that 
BLM is a fraud when it claims that Al] Lives Matter, the most 
inclusive statement of all, is ‘racist’. BLM and its Cult masters don’t 
want to end racism. To them it’s a means to an end to control all of 
humanity never mind the colour, creed, culture or background. 
What has destroying the nuclear family got to do with ending 
racism? Nothing — but that is one of the goals of BLM and also 
happens to be a goal of the Cult as I have been exposing in my books 
for decades. Stealing children from loving parents and giving 
schools ever more power to override parents is part of that same 
agenda. BLM is a Marxist organisation and why would that not be 
the case when the Cult created Marxism and BLM? Patrisse Cullors, a 
BLM co-founder, said in a 2015 video that she and her fellow 
organisers, including co-founder Alicia Garza, are ‘trained Marxists’. 
The lady known after marriage as Patrisse Khan-Cullors bought a 
$1.4 million home in 2021 in one of the whitest areas of California 
with a black population of just 1.6 per cent and has so far bought four 
high-end homes for a total of $3.2 million. How very Marxist. There 
must be a bit of spare in the BLM coffers, however, when Cult 
corporations and billionaires have handed over the best part of $100 
million. Many black people can see that Black Lives Matter is not 


working for them, but against them, and this is still more 
confirmation. Black journalist Jason Whitlock, who had his account 
suspended by Twitter for simply linking to the story about the 
‘Marxist’s’ home buying spree, said that BLM leaders are ‘making 
millions of dollars off the backs of these dead black men who they 
wouldn't spit on if they were on fire and alive’. 


Black Lies Matter 


Cult assets and agencies came together to promote BLM in the wake 
of the death of career criminal George Floyd who had been jailed a 
number of times including for forcing his way into the home of a 
black woman with others in a raid in which a gun was pointed at her 
stomach. Floyd was filmed being held in a Minneapolis street in 2020 
with the knee of a police officer on his neck and he subsequently 
died. It was an appalling thing for the officer to do, but the same 
technique has been used by police on peaceful protestors of 
lockdown without any outcry from the Woke brigade. As 
unquestioning supporters of the Cult agenda Wokers have 
supported lockdown and all the ‘Covid’ claptrap while attacking 
anyone standing up to the tyranny imposed in its name. Court 
documents would later include details of an autopsy on Floyd by 
County Medical Examiner Dr Andrew Baker who concluded that 
Floyd had taken a fatal level of the drug fentanyl. None of this 
mattered to fact-free, question-free, Woke. Floyd’s death was 
followed by worldwide protests against police brutality amid calls to 
defund the police. Throwing babies out with the bathwater is a 
Woke speciality. In the wake of the murder of British woman Sarah 
Everard a Green Party member of the House of Lords, Baroness 
Jones of Moulescoomb (Nincompoopia would have been better), 
called for a 6pm curfew for all men. This would be in breach of the 
Geneva Conventions on war crimes which ban collective 
punishment, but that would never have crossed the black and white 
Woke mind of Baroness Nincompoopia who would have been far 
too convinced of her own self-righteousness to compute such details. 
Many American cities did defund the police in the face of Floyd riots 


and after $15 million was deleted from the police budget in 
Washington DC under useless Woke mayor Muriel Bowser car- 
jacking alone rose by 300 percent and within six months the US 
capital recorded its highest murder rate in 15 years. The same 
happened in Chicago and other cities in line with the Cult/Soros 
plan to bring fear to streets and neighbourhoods by reducing the 
police, releasing violent criminals and not prosecuting crime. This is 
the mob-rule agenda that I have warned in the books was coming for 
so long. Shootings in the area of Minneapolis where Floyd was 
arrested increased by 2,500 percent compared with the year before. 
Defunding the police over George Floyd has led to a big increase in 
dead people with many of them black. Police protection for 
politicians making these decisions stayed the same or increased as 
you would expect from professional hypocrites. The Cult doesn’t 
actually want to abolish the police. It wants to abolish local control 
over the police and hand it to federal government as the 
psychopaths advance the Hunger Games Society. Many George 
Floyd protests turned into violent riots with black stores and 
businesses destroyed by fire and looting across America fuelled by 
Black Lives Matter. Woke doesn’t do irony. If you want civil rights 
you must loot the liquor store and the supermarket and make off 
with a smart TV. It’s the only way. 


It's not a race war - it's a class war 

Black people are patronised by privileged blacks and whites alike 
and told they are victims of white supremacy. I find it extraordinary 
to watch privileged blacks supporting the very system and bloodline 
networks behind the slave trade and parroting the same Cult-serving 
manipulative crap of their privileged white, often billionaire, 
associates. It is indeed not a race war but a class war and colour is 
just a diversion. Black Senator Cory Booker and black 
Congresswoman Maxine Waters, more residents of Nincompoopia, 
personify this. Once you tell people they are victims of someone else 
you devalue both their own responsibility for their plight and the 
power they have to impact on their reality and experience. Instead 


we have: ‘You are only in your situation because of whitey — turn on 
them and everything will change.’ It won’t change. Nothing changes 
in our lives unless we change it. Crucial to that is never seeing 
yourself as a victim and always as the creator of your reality. Life is a 
simple sequence of choice and consequence. Make different choices 
and you create different consequences. You have to make those 
choices — not Black Lives Matter, the Woke Mafia and anyone else 
that seeks to dictate your life. Who are they these Wokers, an 
emotional and psychological road traffic accident, to tell you what to 
do? Personal empowerment is the last thing the Cult and its Black 
Lives Matter want black people or anyone else to have. They claim to 
be defending the underdog while creating and perpetuating the 
underdog. The Cult’s worst nightmare is human unity and if they 
are going to keep blacks, whites and every other race under 
economic servitude and control then the focus must be diverted 
from what they have in common to what they can be manipulated to 
believe divides them. Blacks have to be told that their poverty and 
plight is the fault of the white bloke living on the street in the same 
poverty and with the same plight they are experiencing. The 
difference is that your plight black people is due to him, a white 
supremacist with ‘white privilege’ living on the street. Don’t unite as 
one human family against your mutual oppressors and suppressors 
— fight the oppressor with the white face who is as financially 
deprived as you are. The Cult knows that as its ‘Covid’ agenda 
moves into still new levels of extremism people are going to respond 
and it has been spreading the seeds of disunity everywhere to stop a 
united response to the evil that targets all of us. 


Racist attacks on ‘whiteness’ are getting ever more outrageous and 
especially through the American Democratic Party which has an 
appalling history for anti-black racism. Barack Obama, Joe Biden, 
Hillary Clinton and Nancy Pelosi all eulogised about Senator Robert 
Byrd at his funeral in 2010 after a nearly 60-year career in Congress. 
Byrd was a brutal Ku Klux Klan racist and a violent abuser of Cathy 
O’Brien in MKUltra. He said he would never fight in the military 
‘with a negro by my side’ and ‘rather I should die a thousand times, 


and see Old Glory trampled in the dirt never to rise again, than to 
see this beloved land of ours become degraded by race mongrels, a 
throwback to the blackest specimen from the wilds’. Biden called 
Byrd a ‘very close friend and mentor’. These ‘Woke’ hypocrites are 
not anti-racist they are anti-poor and anti-people not of their 
perceived class. Here is an illustration of the scale of anti-white 
racism to which we have now descended. Seriously Woke and 
moronic New York Times contributor Damon Young described 
whiteness as a ‘virus’ that ‘like other viruses will not die until there 
are no bodies left for it to infect’. He went on: ’... the only way to 
stop it is to locate it, isolate it, extract it, and kill it.’ Young can say 
that as a black man with no consequences when a white man saying 
the same in reverse would be facing a jail sentence. That’s racism. We 
had super-Woke numbskull senators Tammy Duckworth and Mazie 
Hirono saying they would object to future Biden Cabinet 
appointments if he did not nominate more Asian Americans and 
Pacific Islanders. Never mind the ability of the candidate what do 
they look like? Duckworth said: ‘I will vote for racial minorities and I 
will vote for LGBTQ, but anyone else I’m not voting for.’ Appointing 
people on the grounds of race is illegal, but that was not a problem 
for this ludicrous pair. They were on-message and that’s a free pass 
in any situation. 


White children are told at school they are intrinsically racist as they 
are taught the divisive ‘critical race theory’. This claims that the law 
and legal institutions are inherently racist and that race is a socially 
constructed concept used by white people to further their economic 
and political interests at the expense of people of colour. White is a 
‘virus’ as we've seen. Racial inequality results from ‘social, 
economic, and legal differences that white people create between 
races to maintain white interests which leads to poverty and 
criminality in minority communities’. I must tell that to the white 
guy sleeping on the street. The principal of East Side Community 
School in New York sent white parents a manifesto that called on 


them to become ‘white traitors’ and advocate for full “white 
abolition’. These people are teaching your kids when they urgently 
need a psychiatrist. The ‘school’ included a chart with ‘eight white 
identities’ that ranged from ‘white supremacist’ to ‘white abolition’ 
and defined the behaviour white people must follow to end ‘the 
regime of whiteness’. Woke blacks and their privileged white 
associates are acting exactly like the slave owners of old and Ku Klux 
Klan racists like Robert Byrd. They are too full of their own self- 
purity to see that, but it’s true. Racism is not a body type; it’s a state 
of mind that can manifest through any colour, creed or culture. 


Another racial fraud is ‘equity’. Not equality of treatment and 
opportunity — equity. It’s a term spun as equality when it means 
something very different. Equality in its true sense is a raising up 
while ‘equity’ is a race to the bottom. Everyone in the same level of 
poverty is ‘equity’. Keep everyone down - that’s equity. The Cult 
doesn’t want anyone in the human family to be empowered and 
BLM leaders, like all these ‘anti-racist’ organisations, continue their 
privileged, pampered existence by perpetuating the perception of 
gathering racism. When is the last time you heard an ‘anti-racist’ or 
‘anti-Semitism’ organisation say that acts of racism and 
discrimination have fallen? It’s not in the interests of their fund- 
raising and power to influence and the same goes for the 
professional soccer anti-racism operation, Kick It Out. Two things 
confirmed that the Black Lives Matter riots in the summer of 2020 
were Cult creations. One was that while anti-lockdown protests were 
condemned in this same period for ‘transmitting ‘Covid’ the 
authorities supported mass gatherings of Black Lives Matter 
supporters. I even saw self-deluding people claiming to be doctors 
say the two types of protest were not the same. No — the non-existent 
‘Covid’ was in favour of lockdowns and attacked those that 
protested against them while ‘Covid’ supported Black Lives Matter 
and kept well away from its protests. The whole thing was a joke 
and as lockdown protestors were arrested, often brutally, by 
reframed Face-Nappies we had the grotesque sight of police officers 
taking the knee to Black Lives Matter, a Cult-funded Marxist 


organisation that supports violent riots and wants to destroy the 
nuclear family and white people. 


He’s not white? Shucks! 

Woke obsession with race was on display again when ten people 
were shot dead in Boulder, Colorado, in March, 2021. Cult-owned 
Woke TV channels like CNN said the shooter appeared to be a white 
man and Wokers were on Twitter condemning ‘violent white men’ 
with the usual mantras. Then the shooter’s name was released as 
Ahmad Al Aliwi Alissa, an anti-Trump Arab-American, and the sigh 
of disappointment could be heard five miles away. Never mind that 
ten people were dead and what that meant for their families. Race 
baiting was all that mattered to these sick Cult-serving people like 
Barack Obama who exploited the deaths to further divide America 
on racial grounds which is his job for the Cult. This is the man that 
‘racist’ white Americans made the first black president of the United 
States and then gave him a second term. Not-very-bright Obama has 
become filthy rich on the back of that and today appears to have a 
big influence on the Biden administration. Even so he’s still a 
downtrodden black man and a victim of white supremacy. This 
disingenuous fraud reveals the contempt he has for black people 
when he puts on a Deep South Alabama accent whenever he talks to 
them, no, at them. 


Another BLM red flag was how the now fully-Woke (fully-Cult) 
and fully-virtue-signalled professional soccer authorities had their 
teams taking the knee before every match in support of Marxist 
Black Lives Matter. Soccer authorities and clubs displayed ‘Black 
Lives Matter’ on the players’ shirts and flashed the name on 
electronic billboards around the pitch. Any fans that condemned 
what is a Freemasonic taking-the-knee ritual were widely 
condemned as you would expect from the Woke virtue-signallers of 
professional sport and the now fully-Woke media. We have reverse 
racism in which you are banned from criticising any race or culture 
except for white people for whom anything goes — say what you like, 
no problem. What has this got to do with racial harmony and 


equality? We’ve had black supremacists from Black Lives Matter 
telling white people to fall to their knees in the street and apologise 
for their white supremacy. Black supremacists acting like white 
supremacist slave owners of the past couldn't breach their self- 
obsessed, race-obsessed sense of self-purity. Joe Biden appointed a 
race-obsessed black supremacist Kristen Clarke to head the Justice 
Department Civil Rights Division. Clarke claimed that blacks are 
endowed with ‘greater mental, physical and spiritual abilities’ than 
whites. If anyone reversed that statement they would be vilified. 
Clarke is on-message so no problem. She’s never seen a black-white 
situation in which the black figure is anything but a virtuous victim 
and she heads the Civil Rights Division which should treat everyone 
the same or it isn’t civil rights. Another perception of the Renegade 
Mind: If something or someone is part of the Cult agenda they will 
be supported by Woke governments and media no matter what. If 
they’re not, they will be condemned and censored. It really is that 
simple and so racist Clarke prospers despite (make that because of) 
her racism. 


The end of culture 


Biden’s administration is full of such racial, cultural and economic 
bias as the Cult requires the human family to be divided into 
watring factions. We are now seeing racially-segregated graduations 
and everything, but everything, is defined through the lens of 
perceived ‘racism. We have ‘racist’ mathematics, ‘racist’ food and 
even ‘racist’ plants. World famous Kew Gardens in London said it 
was changing labels on plants and flowers to tell its pre-‘Covid’ 
more than two million visitors a year how racist they are. Kew 
director Richard Deverell said this was part of an effort to “move 
quickly to decolonise collections’ after they were approached by one 
Ajay Chhabra ‘an actor with an insight into how sugar cane was 
linked to slavery’. They are plants you idiots. ‘Decolonisation’ in the 
Woke manual really means colonisation of society with its mentality 
and by extension colonisation by the Cult. We are witnessing a new 
Chinese-style ‘Cultural Revolution’ so essential to the success of all 


Marxist takeovers. Our cultural past and traditions have to be swept 
away to allow a new culture to be built-back-better. Woke targeting 
of long-standing Western cultural pillars including historical 
monuments and cancelling of historical figures is what happened in 
the Mao revolution in China which ‘purged remnants of capitalist 
and traditional elements from Chinese society’ and installed Maoism 
as the dominant ideology’. For China see the Western world today 
and for ‘dominant ideology’ see Woke. Better still see Marxism or 
Maoism. The ‘Covid’ hoax has specifically sought to destroy the arts 
and all elements of Western culture from people meeting in a pub or 
restaurant to closing theatres, music venues, sports stadiums, places 
of worship and even banning singing. Destruction of Western society 
is also why criticism of any religion is banned except for Christianity 
which again is the dominant religion as white is the numerically- 
dominant race. Christianity may be fading rapidly, but its history 
and traditions are weaved through the fabric of Western society. 
Delete the pillars and other structures will follow until the whole 
thing collapses. I am not a Christian defending that religion when I 
say that. I have no religion. It’s just a fact. To this end Christianity 
has itself been turned Woke to usher its own downfall and its ranks 
are awash with ‘change agents’ — knowing and unknowing — at 
every level including Pope Francis (definitely knowing) and the 
clueless Archbishop of Canterbury Justin Welby (possibly not, but 
who can be sure?). Woke seeks to coordinate attacks on Western 
culture, traditions, and ways of life through ‘intersectionality’ 
defined as ‘the complex, cumulative way in which the effects of 
multiple forms of discrimination (such as racism, sexism, and 
classism) combine, overlap, or intersect especially in the experiences 
of marginalised individuals or groups’. Wade through the Orwellian 
Woke-speak and this means coordinating disparate groups in a 
common cause to overthrow freedom and liberal values. 


The entire structure of public institutions has been infested with 
Woke — government at all levels, political parties, police, military, 
schools, universities, advertising, media and trade unions. This 
abomination has been achieved through the Cult web by appointing 


Wokers to positions of power and battering non-Wokers into line 
through intimidation, isolation and threats to their job. Many have 
been fired in the wake of the empathy-deleted, vicious hostility of 
‘social justice’ Wokers and the desire of gutless, spineless employers 
to virtue-signal their Wokeness. Corporations are filled with Wokers 
today, most notably those in Silicon Valley. Ironically at the top they 
are not Woke at all. They are only exploiting the mentality their Cult 
masters have created and funded to censor and enslave while the 
Wokers cheer them on until it’s their turn. Thus the Woke ‘liberal 
left’ is an inversion of the traditional liberal left. Campaigning for 
justice on the grounds of power and wealth distribution has been 
replaced by campaigning for identity politics. The genuine 
traditional left would never have taken money from today’s 
billionaire abusers of fairness and justice and nor would the 
billionaires have wanted to fund that genuine left. It would not have 
been in their interests to do so. The division of opinion in those days 
was between the haves and have nots. This all changed with Cult 
manipulated and funded identity politics. The division of opinion 
today is between Wokers and non-Wokers and not income brackets. 
Cult corporations and their billionaires may have taken wealth 
disparity to cataclysmic levels of injustice, but as long as they speak 
the language of Woke, hand out the dosh to the Woke network and 
censor the enemy they are ‘one of us’. Billionaires who don’t give a 
damn about injustice are laughing at them till their bellies hurt. 
Wokers are not even close to self-aware enough to see that. The 
transformed ‘left’ dynamic means that Wokers who drone on about 
‘social justice’ are funded by billionaires that have destroyed social 
justice the world over. It’s why they are billionaires. 


The climate con 

Nothing encapsulates what I have said more comprehensively than 
the hoax of human-caused global warming. I have detailed in my 
books over the years how Cult operatives and organisations were the 


pump-primers from the start of the climate con. A purpose-built 
vehicle for this is the Club of Rome established by the Cult in 1968 


with the Rockefellers and Rothschilds centrally involved all along. 
Their gofer frontman Maurice Strong, a Canadian oil millionaire, 
hosted the Earth Summit in Rio de Janeiro, Brazil, in 1992 where the 
global ‘green movement’ really expanded in earnest under the 
guiding hand of the Cult. The Earth Summit established Agenda 21 
through the Cult-created-and-owned United Nations to use the 
illusion of human-caused climate change to justify the 
transformation of global society to save the world from climate 
disaster. It is a No-Problem-Reaction-Solution sold through 
governments, media, schools and universities as whole generations 
have been terrified into believing that the world was going to end in 
their lifetimes unless what old people had inflicted upon them was 
stopped by a complete restructuring of how everything is done. 
Chill, kids, it’s all a hoax. Such restructuring is precisely what the 
Cult agenda demands (purely by coincidence of course). Today this 
has been given the codename of the Great Reset which is only an 
updated term for Agenda 21 and its associated Agenda 2030. The 
latter, too, is administered through the UN and was voted into being 
by the General Assembly in 2015. Both 21 and 2030 seek centralised 
control of all resources and food right down to the raindrops falling 
on your own land. These are some of the demands of Agenda 21 
established in 1992. See if you recognise this society emerging today: 


e End national sovereignty 

e State planning and management of all land resources, ecosystems, 
deserts, forests, mountains, oceans and fresh water; agriculture; 
rural development; biotechnology; and ensuring ‘equity’ 

e The state to ‘define the role’ of business and financial resources 

e Abolition of private property 

e ‘Restructuring’ the family unit (see BLM) 

¢ Children raised by the state 

¢ People told what their job will be 

e Major restrictions on movement 

¢ Creation of ‘human settlement zones’ 


e Mass resettlement as people are forced to vacate land where they 
live 

e Dumbing down education 

¢ Mass global depopulation in pursuit of all the above 


The United Nations was created as a Trojan horse for world 
government. With the climate con of critical importance to 
promoting that outcome you would expect the UN to be involved. 
Oh, it’s involved all right. The UN is promoting Agenda 21 and 
Agenda 2030 justified by ‘climate change’ while also driving the 
climate hoax through its Intergovernmental Panel on Climate 
Change (IPCC), one of the world’s most corrupt organisations. The 
IPCC has been lying ferociously and constantly since the day it 
opened its doors with the global media hanging unquestioningly on 
its every mendacious word. The Green movement is entirely Woke 
and has long lost its original environmental focus since it was co- 
opted by the Cult. An obsession with ‘global warming’ has deleted 
its values and scrambled its head. I experienced a small example of 
what I mean on a beautiful country walk that I have enjoyed several 
times a week for many years. The path merged into the fields and 
forests and you felt at one with the natural world. Then a ‘Green’ 
organisation, the Hampshire and Isle of Wight Wildlife Trust, took 
over part of the land and proceeded to cut down a large number of 
trees, including mature ones, to install a horrible big, bright steel 
‘this-is-ours-stay-out’ fence that destroyed the whole atmosphere of 
this beautiful place. No one with a feel for nature would do that. Day 
after day I walked to the sound of chainsaws and a magnificent 
mature weeping willow tree that Iso admired was cut down at the 
base of the trunk. When I challenged a Woke young girl in a green 
shirt (of course) about this vandalism she replied: ‘It’s a weeping 
willow — it will grow back.’ This is what people are paying for when 
they donate to the Hampshire and Isle of Wight Wildlife Trust and 
many other ‘green’ organisations today. It is not the environmental 
movement that I knew and instead has become a support-system — 
as with Extinction Rebellion — for a very dark agenda. 


Private jets for climate justice 

The Cult-owned, Gates-funded, World Economic Forum and its 
founder Klaus Schwab were behind the emergence of Greta 
Thunberg to harness the young behind the climate agenda and she 
was invited to speak to the world at ... the UN. Schwab published a 
book, Covid-19: The Great Reset in 2020 in which he used the ‘Covid’ 
hoax and the climate hoax to lay out a new society straight out of 
Agenda 21 and Agenda 2030. Bill Gates followed in early 2021 when 
he took time out from destroying the world to produce a book in his 
name about the way to save it. Gates flies across the world in private 
jets and admitted that ‘I probably have one of the highest 
greenhouse gas footprints of anyone on the planet ... my personal 
flying alone is gigantic.’ He has also bid for the planet’s biggest 
private jet operator. Other climate change saviours who fly in private 
jets include John Kerry, the US Special Presidential Envoy for 
Climate, and actor Leonardo DiCaprio, a ‘UN Messenger of Peace 
with special focus on climate change’. These people are so full of 
bullshit they could corner the market in manure. We mustn't be 
sceptical, though, because the Gates book, How to Avoid a Climate 
Disaster: The Solutions We Have and the Breakthroughs We Need, is a 
genuine attempt to protect the world and not an obvious pile of 
excrement attributed to a mega-psychopath aimed at selling his 
masters’ plans for humanity. The Gates book and the other shite-pile 
by Klaus Schwab could have been written by the same person and 
may well have been. Both use ‘climate change’ and ‘Covid’ as the 
excuses for their new society and by coincidence the Cult’s World 
Economic Forum and Bill and Melinda Gates Foundation promote 
the climate hoax and hosted Event 201 which pre-empted with a 
‘simulation’ the very ‘coronavirus’ hoax that would be simulated for 
real on humanity within weeks. The British ‘royal’ family is 
promoting the ‘Reset’ as you would expect through Prince ‘climate 
change caused the war in Syria’ Charles and his hapless son Prince 
William who said that we must ‘reset our relationship with nature 
and our trajectory as a species’ to avoid a climate disaster. Amazing 
how many promotors of the ‘Covid’ and ‘climate change’ control 


systems are connected to Gates and the World Economic Forum. A 
‘study’ in early 2021 claimed that carbon dioxide emissions must fall 
by the equivalent of a global lockdown roughly every two years for 
the next decade to save the planet. The ‘study’ appeared in the same 
period that the Schwab mob claimed in a video that lockdowns 
destroying the lives of billions are good because they make the earth 
‘quieter’ with less ‘ambient noise’. They took down the video amid a 
public backlash for such arrogant, empathy-deleted stupidity You 
see, however, where they are going with this. Corinne Le Quéré, a 
professor at the Tyndall Centre for Climate Change Research, 
University of East Anglia, was lead author of the climate lockdown 
study, and she writes for ... the World Economic Forum. Gates calls 
in ‘his’ book for changing ‘every aspect of the economy’ (long-time 
Cult agenda) and for humans to eat synthetic ‘meat’ (predicted in 
my books) while cows and other farm animals are eliminated. 
Australian TV host and commentator Alan Jones described what 
carbon emission targets would mean for farm animals in Australia 
alone if emissions were reduced as demanded by 35 percent by 2030 
and zero by 2050: 


Well, let’s take agriculture, the total emissions from agriculture are about 75 million tonnes of 
carbon dioxide, equivalent. Now reduce that by 35 percent and you have to come down to 
50 million tonnes, I’ve done the maths. So if you take for example 1.5 million cows, you’re 
going to have to reduce the herd by 525,000 [by] 2030, nine years, that’s 58,000 cows a year. 
The beef herd’s 30 million, reduce that by 35 percent, that’s 10.5 million, which means 1.2 
million cattle have to go every year between now and 2030. This is insanity! 


There are 75 million sheep. Reduce that by 35 percent, that’s 26 million sheep, that’s almost 3 
million a year. So under the Paris Agreement over 30 million beasts. dairy cows, cattle, pigs 
and sheep would go. More than 8,000 every minute of every hour for the next decade, do 
these people know what they’re talking about? 


Clearly they don’t at the level of campaigners, politicians and 
administrators. The Cult does know; that’s the outcome it wants. We 
are faced with not just a war on humanity. Animals and the natural 
world are being targeted and I have been saying since the “Covid’ 
hoax began that the plan eventually was to claim that the ‘deadly 
virus’ is able to jump from animals, including farm animals and 


domestic pets, to humans. Just before this book went into production 
came this story: ‘Russia registers world’s first Covid-19 vaccine for 
cats & dogs as makers of Sputnik V warn pets & farm animals could 
spread virus’. The report said ‘top scientists warned that the deadly 
pathogen could soon begin spreading through homes and farms’ 
and ‘the next stage is the infection of farm and domestic animals’. 
Know the outcome and you'll see the journey. Think what that 
would mean for animals and keep your eye on a term called 
zoonosis or zoonotic diseases which transmit between animals and 
humans. The Cult wants to break the connection between animals 
and people as it does between people and people. Farm animals fit 
with the Cult agenda to transform food from natural to synthetic. 


The gas of life is killing us 

There can be few greater examples of Cult inversion than the 
condemnation of carbon dioxide as a dangerous pollutant when it is 
the gas of life. Without it the natural world would be dead and so we 
would all be dead. We breathe in oxygen and breathe out carbon 
dioxide while plants produce oxygen and absorb carbon dioxide. It 
is a perfect symbiotic relationship that the Cult wants to dismantle 
for reasons I will come to in the final two chapters. Gates, Schwab, 
other Cult operatives and mindless repeaters, want the world to be 
‘carbon neutral’ by at least 2050 and the earlier the better. ‘Zero 
carbon’ is the cry echoed by lunatics calling for ‘Zero Covid’ when 
we already have it. These carbon emission targets will 
deindustrialise the world in accordance with Cult plans — the post- 
industrial, post-democratic society — and with so-called renewables 
like solar and wind not coming even close to meeting human energy 
needs blackouts and cold are inevitable. Texans got the picture in the 
winter of 2021 when a snow storm stopped wind turbines and solar 
panels from working and the lights went down along with water 
which relies on electricity for its supply system. Gates wants 
everything to be powered by electricity to ensure that his masters 
have the kill switch to stop all human activity, movement, cooking, 
water and warmth any time they like. The climate lie is so 


stupendously inverted that it claims we must urgently reduce 
carbon dioxide when we don’t have enough. 

Co2 in the atmosphere is a little above 400 parts per million when 
the optimum for plant growth is 2,000 ppm and when it falls 
anywhere near 150 ppm the natural world starts to die and so do we. 
It fell to as low as 280 ppm in an 1880 measurement in Hawaii and 
rose to 413 ppm in 2019 with industrialisation which is why the 
planet has become greener in the industrial period. How insane then 
that psychopathic madman Gates is not satisfied only with blocking 
the rise of Co2. He’s funding technology to suck it out of the 
atmosphere. The reason why will become clear. The industrial era is 
not destroying the world through Co2 and has instead turned 
around a potentially disastrous ongoing fall in Co2. Greenpeace co- 
founder and scientist Patrick Moore walked away from Greenpeace 
in 1986 and has exposed the green movement for fear-mongering 
and lies. He said that 500 million years ago there was 17 times more 
Co2 in the atmosphere than we have today and levels have been 
falling for hundreds of millions of years. In the last 150 million years 
Co2 levels in Earth’s atmosphere had reduced by 90 percent. Moore 
said that by the time humanity began to unlock carbon dioxide from 
fossil fuels we were at ‘38 seconds to midnight’ and in that sense: 
‘Humans are [the Earth’s] salvation.’ Moore made the point that only 
half the Co2 emitted by fossil fuels stays in the atmosphere and we 
should remember that all pollution pouring from chimneys that we 
are told is carbon dioxide is in fact nothing of the kind. It’s pollution. 
Carbon dioxide is an invisible gas. 


William Happer, Professor of Physics at Princeton University and 
long-time government adviser on climate, has emphasised the Co2 
deficiency for maximum growth and food production. Greenhouse 
growers don’t add carbon dioxide for a bit of fun. He said that most 
of the warming in the last 100 years, after the earth emerged from 
the super-cold period of the ‘Little Ice Age’ into a natural warming 
cycle, was over by 1940. Happer said that a peak year for warming in 
1988 can be explained by a ‘monster El Nino’ which is a natural and 
cyclical warming of the Pacific that has nothing to do with ‘climate 


change’. He said the effect of Co2 could be compared to painting a 
wall with red paint in that once two or three coats have been applied 
it didn’t matter how much more you slapped on because the wall 
will not get much redder. Almost all the effect of the rise in Co2 has 
already happened, he said, and the volume in the atmosphere would 
now have to double to increase temperature by a single degree. 
Climate hoaxers know this and they have invented the most 
ridiculously complicated series of ‘feedback’ loops to try to 
overcome this rather devastating fact. You hear puppet Greta going 
on cluelessly about feedback loops and this is why. 


The Sun affects temperature? No you climate denier 

Some other nonsense to contemplate: Climate graphs show that rises 
in temperature do not follow rises in Co2 — it’s the other way round 
with a lag between the two of some 800 years. If we go back 800 
years from present time we hit the Medieval Warm Period when 
temperatures were higher than now without any industrialisation 
and this was followed by the Little Ice Age when temperatures 
plummeted. The world was still emerging from these centuries of 
serious cold when many climate records began which makes the 
ever-repeated line of the ‘hottest year since records began’ 
meaningless when you are not comparing like with like. The coldest 
period of the Little Ice Age corresponded with the lowest period of 
sunspot activity when the Sun was at its least active. Proper 
scientists will not be at all surprised by this when it confirms the 
obvious fact that earth temperature is affected by the scale of Sun 
activity and the energetic power that it subsequently emits; but 
when is the last time you heard a climate hoaxer talking about the 
Sun as a source of earth temperature?? Everything has to be focussed 
on Co2 which makes up just 0.117 percent of so-called greenhouse 
gases and only a fraction of even that is generated by human activity. 
The rest is natural. More than 90 percent of those greenhouse gases 
are water vapour and clouds (Fig 9). Ban moisture I say. Have you 
noticed that the climate hoaxers no longer use the polar bear as their 
promotion image? That’s because far from becoming extinct polar 


bear communities are stable or thriving. Joe Bastardi, American 
meteorologist, weather forecaster and outspoken critic of the climate 
lie, documents in his book The Climate Chronicles how weather 
patterns and events claimed to be evidence of climate change have 
been happening since long before industrialisation: ‘What happened 
before naturally is happening again, as is to be expected given the 
cyclical nature of the climate due to the design of the planet.’ If you 
read the detailed background to the climate hoax in my other books 
you will shake your head and wonder how anyone could believe the 
crap which has spawned a multi-trillion dollar industry based on 
absolute garbage (see HIV causes AIDs and Sars-Cov-2 causes 
‘Covid-19’). Climate and ‘Covid’ have much in common given they 
have the same source. They both have the contradictory everything 
factor in which everything is explained by reference to them. It’s hot 
— ‘it’s climate change’. It’s cold — ‘it’s climate change’. I got a sniffle — 
‘it’s Covid’. I haven’t got a sniffle — ‘it’s Covid’. Not having a sniffle 
has to be a symptom of ‘Covid’. Everything is and not having a 
sniffle is especially dangerous if you are a slow walker. For sheer 
audacity I offer you a Cambridge University ‘study’ that actually 
linked ‘Covid’ to ‘climate change’. It had to happen eventually. They 
concluded that climate change played a role in ‘Covid-19’ spreading 
from animals to humans because ... wait for it ... [kid you not ... the 
two groups were forced closer together as populations grow. Er, that’s it. 
The whole foundation on which this depended was that ‘Bats are the 
likely zoonotic origin of SARS-CoV-1 and SARS-CoV-2’. Well, they 
are not. They are nothing to do with it. Apart from bats not being the 
origin and therefore ‘climate change’ effects on bats being irrelevant 
I am in awe of their academic insight. Where would we be without 
them? Not where we are that’s for sure. 
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Figure 9: The idea that the gas of life is disastrously changing the climate is an insult to brain 
cell activity. 


One other point about the weather is that climate modification is 
now well advanced and not every major weather event is natural — 
or earthquake come to that. I cover this subject at some length in 
other books. China is openly planning a rapid expansion of its 
weather modification programme which includes changing the 
climate in an area more than one and a half times the size of India. 
China used weather manipulation to ensure clear skies during the 
2008 Olympics in Beijing. I have quoted from US military documents 
detailing how to employ weather manipulation as a weapon of war 
and they did that in the 1960s and 70s during the conflict in Vietnam 
with Operation Popeye manipulating monsoon rains for military 
purposes. Why would there be international treaties on weather 
modification if it wasn’t possible? Of course it is. Weather is 
energetic information and it can be changed. 


How was the climate hoax pulled off? See ‘Covid’ 

If you can get billions to believe in a ‘virus’ that doesn’t exist you can 
get them to believe in human-caused climate change that doesn’t 
exist. Both are being used by the Cult to transform global society in 
the way it has long planned. Both hoaxes have been achieved in 
pretty much the same way. First you declare a lie is a fact. There’s a 


‘virus’ you call SARS-Cov-2 or humans are warming the planet with 
their behaviour. Next this becomes, via Cult networks, the 
foundation of government, academic and science policy and belief. 
Those who parrot the mantra are given big grants to produce 
research that confirms the narrative is true and ever more 
‘symptoms’ are added to make the ‘virus’/’climate change’ sound 
even more scary. Scientists and researchers who challenge the 
narrative have their grants withdrawn and their careers destroyed. 
The media promote the lie as the unquestionable truth and censor 
those with an alternative view or evidence. A great percentage of the 
population believe what they are told as the lie becomes an 
everybody-knows-that and the believing-masses turn on those with 
a mind of their own. The technique has been used endlessly 
throughout human history. Wokers are the biggest promotors of the 
climate lie and ‘Covid’ fascism because their minds are owned by the 
Cult; their sense of self-righteous self-purity knows no bounds; and 
they exist in a bubble of reality in which facts are irrelevant and only 
get in the way of looking without seeing. 


Running through all of this like veins in a blue cheese is control of 
information, which means control of perception, which means 
control of behaviour, which collectively means control of human 
society. The Cult owns the global media and Silicon Valley fascists 
for the simple reason that it has to. Without control of information it 
can’t control perception and through that human society. Examine 
every facet of the Cult agenda and you will see that anything 
supporting its introduction is never censored while anything 
pushing back is always censored. I say again: Psychopaths that know 
why they are doing this must go before Nuremberg trials and those 
that follow their orders must trot along behind them into the same 
dock. ‘I was just following orders’ didn’t work the first time and it 
must not work now. Nuremberg trials must be held all over the 
world before public juries for politicians, government officials, 
police, compliant doctors, scientists and virologists, and all Cult 
operatives such as Gates, Tedros, Fauci, Vallance, Whitty, Ferguson, 
Zuckerberg, Wojcicki, Brin, Page, Dorsey, the whole damn lot of 


them -— including, no especially, the psychopath psychologists. 
Without them and the brainless, gutless excuses for journalists that 
have repeated their lies, none of this could be happening. Nobody 
can be allowed to escape justice for the psychological and economic 
Armageddon they are all responsible for visiting upon the human 
race. 

As for the compliant, unquestioning, swathes of humanity, and the 
self-obsessed, all-knowing ignorance of the Wokers ... don’t start me. 
God help their kids. God help their grandkids. God help them. 


CHAPTER NINE 
We must have it? So what is it? 


Well I won’t back down. No, I won’t back down. You can stand me 
up at the Gates of Hell. But | won’t back down 
Tom Petty 


will now focus on the genetically-manipulating ‘Covid vaccines’ 

which do not meet this official definition of a vaccine by the US 
Centers for Disease Control (CDC): ‘A product that stimulates a 
person’s immune system to produce immunity to a specific disease, 
protecting the person from that disease.’ On that basis ‘Covid 
vaccines’ are not a vaccine in that the makers don’t even claim they 
stop infection or transmission. 


They are instead part of a multi-levelled conspiracy to change the 
nature of the human body and what it means to be ‘human’ and to 
depopulate an enormous swathe of humanity. What I shall call 
Human 1.0 is on the cusp of becoming Human 2.0 and for very 
sinister reasons. Before I get to the ‘Covid vaccine’ in detail here’s 
some background to vaccines in general. Government regulators do 
not test vaccines — the makers do — and the makers control which 
data is revealed and which isn’t. Children in America are given 50 
vaccine doses by age six and 69 by age 19 and the effect of the whole 
combined schedule has never been tested. Autoimmune diseases 
when the immune system attacks its own body have soared in the 
mass vaccine era and so has disease in general in children and the 
young. Why wouldn't this be the case when vaccines target the 
immune system? The US government gave Big Pharma drug 


companies immunity from prosecution for vaccine death and injury 
in the 1986 National Childhood Vaccine Injury Act (NCVIA) and 
since then the government (taxpayer) has been funding 
compensation for the consequences of Big Pharma vaccines. The 
criminal and satanic drug giants can’t lose and the vaccine schedule 
has increased dramatically since 1986 for this reason. There is no 
incentive to make vaccines safe and a big incentive to make money 
by introducing ever more. Even against a ridiculously high bar to 
prove vaccine liability, and with the government controlling the 
hearing in which it is being challenged for compensation, the vaccine 
court has so far paid out more than $4 billion. These are the vaccines 
we are told are safe and psychopaths like Zuckerberg censor posts 
saying otherwise. The immunity law was even justified by a ruling 
that vaccines by their nature were ‘unavoidably unsafe’. 

Check out the ingredients of vaccines and you will be shocked if 
you are new to this. They put that in children’s bodies?? What?? Try 
aluminium, a brain toxin connected to dementia, aborted foetal 
tissue and formaldehyde which is used to embalm corpses. World- 
renowned aluminium expert Christopher Exley had his research into 
the health effect of aluminium in vaccines shut down by Keele 
University in the UK when it began taking funding from the Bill and 
Melinda Gates Foundation. Research when diseases ‘eradicated’ by 
vaccines began to decline and you will find the fall began long before 
the vaccine was introduced. Sometimes the fall even plateaued after 
the vaccine. Diseases like scarlet fever for which there was no 
vaccine declined in the same way because of environmental and 
other factors. A perfect case in point is the polio vaccine. Polio began 
when lead arsenate was first sprayed as an insecticide and residues 
remained in food products. Spraying started in 1892 and the first US 
polio epidemic came in Vermont in 1894. The simple answer was to 
stop spraying, but Rockefeller-created Big Pharma had a better idea. 
Polio was decreed to be caused by the poliovirus which ‘spreads from 
person to person and can infect a person’s spinal cord’. Lead 
arsenate was replaced by the lethal DDT which had the same effect 
of causing paralysis by damaging the brain and central nervous 


system. Polio plummeted when DDT was reduced and then banned, 
but the vaccine is still given the credit for something it didn’t do. 
Today by far the biggest cause of polio is the vaccines promoted by 
Bill Gates. Vaccine justice campaigner Robert Kennedy Jr, son of 
assassinated (by the Cult) US Attorney General Robert Kennedy, 
wrote: 


In 2017, the World Health Organization (WHO) reluctantly admitted that the global explosion 
in polio is predominantly vaccine strain. The most frightening epidemics in Congo, 
Afghanistan, and the Philippines, are all linked to vaccines. In fact, by 2018, 70% of global 
polio cases were vaccine strain. 


Vaccines make fortunes for Cult-owned Gates and Big Pharma 
while undermining the health and immune systems of the 
population. We had a glimpse of the mentality behind the Big 
Pharma cartel with a report on WION (World is One News), an 
international English language TV station based in India, which 
exposed the extraordinary behaviour of US drug company Pfizer 
over its ‘Covid vaccine’. The WION report told how Pfizer had made 
fantastic demands of Argentina, Brazil and other countries in return 
for its ‘vaccine’. These included immunity from prosecution, even 
for Pfizer negligence, government insurance to protect Pfizer from 
law suits and handing over as collateral sovereign assets of the 
country to include Argentina’s bank reserves, military bases and 
embassy buildings. Pfizer demanded the same of Brazil in the form 
of waiving sovereignty of its assets abroad; exempting Pfizer from 
Brazilian laws; and giving Pfizer immunity from all civil liability. 
This is a ‘vaccine’ developed with government funding. Big Pharma 
is evil incarnate as a creation of the Cult and all must be handed 
tickets to Nuremberg. 


Phantom ‘vaccine’ for a phantom ‘disease’ 

I’ll expose the ‘Covid vaccine’ fraud and then go on to the wider 
background of why the Cult has set out to ‘vaccinate’ every man, 
woman and child on the planet for an alleged ‘new disease’ with a 
survival rate of 99.77 percent (or more) even by the grotesquely- 


manipulated figures of the World Health Organization and Johns 
Hopkins University. The ‘infection’ to ‘death’ ratio is 0.23 to 0.15 
percent according to Stanford epidemiologist Dr John Ioannidis and 
while estimates vary the danger remains tiny. I say that if the truth 
be told the fake infection to fake death ratio is zero. Never mind all 
the evidence I have presented here and in The Answer that there is no 
‘virus’ let us just focus for a moment on that death-rate figure of say 
0.23 percent. The figure includes all those worldwide who have 
tested positive with a test not testing for the ‘virus’ and then died 
within 28 days or even longer of any other cause — any other cause. 
Now subtract all those illusory ‘Covid’ deaths on the global data 
sheets from the 0.23 percent. What do you think you would be left 
with? Zero. A vaccination has never been successfully developed for 
a so-called coronavirus. They have all failed at the animal testing 
stage when they caused hypersensitivity to what they were claiming 
to protect against and made the impact of a disease far worse. Cult- 
owned vaccine corporations got around that problem this time by 
bypassing animal trials, going straight to humans and making the 
length of the ‘trials’ before the public rollout as short as they could 
get away with. Normally it takes five to ten years or more to develop 
vaccines that still cause demonstrable harm to many people and 
that’s without including the long-term effects that are never officially 
connected to the vaccination. ‘Covid’ non-vaccines have been 
officially produced and approved in a matter of months from a 
standing start and part of the reason is that (a) they were developed 
before the ‘Covid’ hoax began and (b) they are based on computer 
programs and not natural sources. Official non-trials were so short 
that government agencies gave emergency, not full, approval. ‘Trials’ 
were not even completed and full approval cannot be secured until 
they are. Public ‘Covid vaccination’ is actually a continuation of the 
trial. Drug company ‘trials’ are not scheduled to end until 2023 by 
which time a lot of people are going to be dead. Data on which 
government agencies gave this emergency approval was supplied by 
the Big Pharma corporations themselves in the form of 
Pfizer/BioNTech, AstraZeneca, Moderna, Johnson & Johnson, and 


others, and this is the case with all vaccines. By its very nature 
emergency approval means drug companies do not have to prove that 
the ‘vaccine’ is ‘safe and effective’. How could they with trials way 
short of complete? Government regulators only have to believe that 
they could be safe and effective. It is criminal manipulation to get 
products in circulation with no testing worth the name. Agencies 
giving that approval are infested with Big Pharma-connected place- 
people and they act in the interests of Big Pharma (the Cult) and not 
the public about whom they do not give a damn. 


More human lab rats 

‘Covid vaccines’ produced in record time by Pfizer/BioNTech and 
Moderna employ a technique never approved before for use on humans. 
They are known as mRNA ‘vaccines’ and inject a synthetic version of 
‘viral’ mRNA or ‘messenger RNA’. The key is in the term 
‘messenger’. The body works, or doesn’t, on the basis of information 
messaging. Communications are constantly passing between and 
within the genetic system and the brain. Change those messages and 
you change the state of the body and even its very nature and you 
can change psychology and behaviour by the way the brain 
processes information. I think you are going to see significant 
changes in personality and perception of many people who have had 
the ‘Covid vaccine’ synthetic potions. Insider Aldous Huxley 
predicted the following in 1961 and mRNA ‘vaccines’ can be 
included in the term ‘pharmacological methods’: 


There will be, in the next generation or so, a pharmacological method of making people love 
their servitude, and producing dictatorship without tears, so to speak, producing a kind of 
painless concentration camp for entire societies, so that people will in fact have their own 
liberties taken away from them, but rather enjoy it, because they will be distracted from any 
desire to rebel by propaganda or brainwashing, or brainwashing enhanced by 
pharmacological methods. And this seems to be the final revolution. 


Apologists claim that mRNA synthetic ‘vaccines’ don’t change the 
DNA genetic blueprint because RNA does not affect DNA only the 
other way round. This is so disingenuous. A process called ‘reverse 


transcription’ can convert RNA into DNA and be integrated into 
DNA in the cell nucleus. This was highlighted in December, 2020, by 
scientists at Harvard and Massachusetts Institute of Technology 
(MIT). Geneticists report that more than 40 percent of mammalian 
genomes results from reverse transcription. On the most basic level 
if messaging changes then that sequence must lead to changes in 
DNA which is receiving and transmitting those communications. 
How can introducing synthetic material into cells not change the 
cells where DNA is located? The process is known as transfection 
which is defined as ‘a technique to insert foreign nucleic acid (DNA 
or RNA) into a cell, typically with the intention of altering the 
properties of the cell’. Researchers at the Sloan Kettering Institute in 
New York found that changes in messenger RNA can deactivate 
tumour-suppressing proteins and thereby promote cancer. This is 
what happens when you mess with messaging. ‘Covid vaccine’ 
maker Moderna was founded in 2010 by Canadian stem cell 
biologist Derrick J. Rossi after his breakthrough discovery in the field 
of transforming and reprogramming stem cells. These are neutral 
cells that can be programmed to become any cell including sperm 
cells. Moderna was therefore founded on the principle of genetic 
manipulation and has never produced any vaccine or drug before its 
genetically-manipulating synthetic ‘Covid’ shite. Look at the name — 
Mode-RNA or Modify-RNA. Another important point is that the US 
Supreme Court has ruled that genetically-modified DNA, or 
complementary DNA (cDNA) synthesized in the laboratory from 
messenger RNA, can be patented and owned. These psychopaths are 
doing this to the human body. 

Cells replicate synthetic mRNA in the ‘Covid vaccines’ and in 
theory the body is tricked into making antigens which trigger 
antibodies to target the ‘virus spike proteins’ which as Dr Tom 
Cowan said have never been seen. Cut the crap and these ‘vaccines’ 
deliver self-replicating synthetic material to the cells with the effect of 
changing human DNA. The more of them you have the more that 
process is compounded while synthetic material is all the time self- 
replicating. ‘Vaccine’-maker Moderna describes mRNA as ‘like 


software for the cell’ and so they are messing with the body’s 
software. What happens when you change the software in a 
computer? Everything changes. For this reason the Cult is preparing 
a production line of mRNA ‘Covid vaccines’ and a long list of 
excuses to use them as with all the ‘variants’ of a ‘virus’ never shown 
to exist. The plan is further to transfer the mRNA technique to other 
vaccines mostly given to children and young people. The cumulative 
consequences will be a transformation of human DNA through a 
constant infusion of synthetic genetic material which will kill many 
and change the rest. Now consider that governments that have given 
emergency approval for a vaccine that’s not a vaccine; never been 
approved for humans before; had no testing worth the name; and 
the makers have been given immunity from prosecution for any 
deaths or adverse effects suffered by the public. The UK government 
awarded permanent legal indemnity to itself and its employees for 
harm done when a patient is being treated for ‘Covid-19’ or 
‘suspected Covid-19’. That is quite a thought when these are possible 
‘side-effects’ from the ‘vaccine’ (they are not ‘side’, they are effects) 
listed by the US Food and Drug Administration: 


Guillain-Barre syndrome; acute disseminated encephalomyelitis; 
transverse myelitis; encephalitis; myelitis; encephalomyelitis; 
meningoencephalitis; meningitis; encephalopathy; convulsions; 
seizures; stroke; narcolepsy; cataplexy; anaphylaxis; acute 
myocardial infarction (heart attack); myocarditis; pericarditis; 
autoimmune disease; death; implications for pregnancy, and birth 
outcomes; other acute demyelinating diseases; non anaphylactic 
allergy reactions; thrombocytopenia ; disseminated intravascular 
coagulation; venous thromboembolism; arthritis; arthralgia; joint 
pain; Kawasaki disease; multisystem inflammatory syndrome in 
children; vaccine enhanced disease. The latter is the way the 
‘vaccine’ has the potential to make diseases far worse than they 
would otherwise be. 


UK doctor and freedom campaigner Vernon Coleman described 
the conditions in this list as ‘all unpleasant, most of them very 
serious, and you can’t get more serious than death’. The thought that 
anyone at all has had the ‘vaccine’ in these circumstances is 
testament to the potential that humanity has for clueless, 
unquestioning, stupidity and for many that programmed stupidity 
has already been terminal. 


Dr Michael Yeadon is a former Vice President, head of research and 
Chief Scientific Adviser at vaccine giant Pfizer. Yeadon worked on 
the inside of Big Pharma, but that did not stop him becoming a vocal 
critic of “Covid vaccines’ and their potential for multiple harms, 
including infertility in women. By the spring of 2021 he went much 
further and even used the no, no, term ‘conspiracy’. When you begin 
to see what is going on it is impossible not to do so. Yeadon spoke 
out in an interview with freedom campaigner James Delingpole and 
I mentioned earlier how he said that no one had samples of ‘the 
virus’. He explained that the mRNA technique originated in the anti- 
cancer field and ways to turn on and off certain genes which could 
be advantageous if you wanted to stop cancer growing out of 
control. “That’s the origin of them. They are a very unusual 
application, really.’ Yeadon said that treating a cancer patient with 
an aggressive procedure might be understandable if the alternative 
was dying, but it was quite another thing to use the same technique 
as a public health measure. Most people involved wouldn’t catch the 
infectious agent you were vaccinating against and if they did they 
probably wouldn't die: 


If you are really using it as a public health measure you really want to as close as you can get 
to zero sides-effects ... | find it odd that they chose techniques that were really cutting their 
teeth in the field of oncology and I’m worried that in using gene-based vaccines that have to 
be injected in the body and spread around the body, get taken up into some cells, and the 
regulators haven’t quite told us which cells they get taken up into ... you are going to be 
generating a wide range of responses ... with multiple steps each of which could go well or 
badly. 


I doubt the Cult intends it to go well. Yeadon said that you can put 
any gene you like into the body through the ‘vaccine’. ‘You can 
certainly give them a gene that would do them some harm if you 
wanted.’ I was intrigued when he said that when used in the cancer 
field the technique could turn genes on and off. I explore this process 
in The Answer and with different genes having different functions 
you could create mayhem — physically and psychologically — if you 
turned the wrong ones on and the right ones off. I read reports of an 
experiment by researchers at the University of Washington’s school 
of computer science and engineering in which they encoded DNA to 
infect computers. The body is itself a biological computer and if 
human DNA can inflict damage on a computer why can’t the 
computer via synthetic material mess with the human body? It can. 
The Washington research team said it was possible to insert 
malicious malware into ‘physical DNA strands’ and corrupt the 
computer system of a gene sequencing machine as it ‘reads gene 
letters and stores them as binary digits 0 and 1’. They concluded that 
hackers could one day use blood or spit samples to access computer 
systems and obtain sensitive data from police forensics labs or infect 
genome files. It is at this level of digital interaction that synthetic 
‘vaccines’ need to be seen to get the full picture and that will become 
very clear later on. Michael Yeadon said it made no sense to give the 
‘vaccine’ to younger people who were in no danger from the ‘virus’. 
What was the benefit? It was all downside with potential effects: 


The fact that my government in what | thought was a civilised, rational country, is raining [the 
‘vaccine’] on people in their 30s and 40s, even my children in their 20s, they’re getting letters 
and phone calls, | know this is not right and any of you doctors who are vaccinating you 
know it’s not right, too. They are not at risk. They are not at risk from the disease, so you are 
now hoping that the side-effects are so rare that you get away with it. You don’t give new 
technology ... that you don’t understand to 100 percent of the population. 


Blood clot problems with the AstraZeneca ‘vaccine’ have been 
affecting younger people to emphasise the downside risks with no 
benefit. AstraZeneca’s version, produced with Oxford University, 
does not use mRNA, but still gets its toxic cocktail inside cells where 


it targets DNA. The Johnson & Johnson ‘vaccine’ which uses a 
similar technique has also produced blood clot effects to such an 
extent that the United States paused its use at one point. They are all 
‘gene therapy’ (cell modification) procedures and not ‘vaccines’. The 
truth is that once the content of these injections enter cells we have 
no idea what the effect will be. People can speculate and some can 
give very educated opinions and that’s good. In the end, though, 
only the makers know what their potions are designed to do and 
even they won't know every last consequence. Michael Yeadon was 
scathing about doctors doing what they knew to be wrong. 
‘Everyone’s mute’, he said. Doctors in the NHS must know this was 
not right, coming into work and injecting people. ‘I don’t know how 
they sleep at night. I know I couldn’t do it. I know that if I were in 
that position I’d have to quit.’ He said he knew enough about 
toxicology to know this was not a good risk-benefit. Yeadon had 
spoken to seven or eight university professors and all except two 
would not speak out publicly. Their universities had a policy that no 
one said anything that countered the government and its medical 
advisors. They were afraid of losing their government grants. This is 
how intimidation has been used to silence the truth at every level of 
the system. I say silence, but these people could still speak out if they 
made that choice. Yeadon called them ‘moral cowards’ — ‘This is 
about your children and grandchildren’s lives and you have just 
buggered off and left it.’ 


‘Variant nonsense 

Some of his most powerful comments related to the alleged 
‘variants’ being used to instil more fear, justify more lockdowns, and 
introduce more ‘vaccines’. He said government claims about 
‘variants’ were nonsense. He had checked the alleged variant ‘codes’ 
and they were 99.7 percent identical to the ‘original’. This was the 
human identity difference equivalent to putting a baseball cap on 
and off or wearing it the other way round. A 0.3 percent difference 
would make it impossible for that ‘variant’ to escape immunity from 
the ‘original’. This made no sense of having new ‘vaccines’ for 


‘variants’. He said there would have to be at least a 30 percent 
difference for that to be justified and even then he believed the 
immune system would still recognise what it was. Gates-funded 
‘variant modeller’ and ‘vaccine’-pusher John Edmunds might care to 
comment. Yeadon said drug companies were making new versions 
of the ‘vaccine’ as a ‘top up’ for ‘variants’. Worse than that, he said, 
the ‘regulators’ around the world like the MHRA in the UK had got 
together and agreed that because ‘vaccines’ for ‘variants’ were so 
similar to the first ‘vaccines’ they did not have to do safety studies. How 
transparently sinister that is. This is when Yeadon said: “There is a 
conspiracy here.’ There was no need for another vaccine for 
‘variants’ and yet we were told that there was and the country had 
shut its borders because of them. ‘They are going into hundreds of 
millions of arms without passing ‘go’ or any regulator. Why did they 
do that? Why did they pick this method of making the vaccine?’ 


The reason had to be something bigger than that it seemed and 
‘it’s not protection against the virus’. It’s was a far bigger project that 
meant politicians and advisers were willing to do things and not do 
things that knowingly resulted in avoidable deaths — ‘that’s already 
happened when you think about lockdown and deprivation of 
health care for a year.’ He spoke of people prepared to do something 
that results in the avoidable death of their fellow human beings and 
it not bother them. This is the penny-drop I have been working to 
get across for more than 30 years — the level of pure evil we are 
dealing with. Yeadon said his friends and associates could not 
believe there could be that much evil, but he reminded them of 
Stalin, Pol Pot and Hitler and of what Stalin had said: ‘One death is a 
tragedy. A million? A statistic.” He could not think of a benign 
explanation for why you need top-up vaccines ‘which I’m sure you 
don’t’ and for the regulators ‘to just get out of the way and wave 
them through’. Why would the regulators do that when they were 
still wrestling with the dangers of the ‘parent’ vaccine? He was 
clearly shocked by what he had seen since the ‘Covid’ hoax began 
and now he was thinking the previously unthinkable: 


If you wanted to depopulate a significant proportion of the world and to do it in a way that 
doesn’t involve destruction of the environment with nuclear weapons, poisoning everyone 
with anthrax or something like that, and you wanted plausible deniability while you had a 
multi-year infectious disease crisis, | actually don’t think you could come up with a better plan 
of work than seems to be in front of me. | can’t say that’s what they are going to do, but | can’t 
think of a benign explanation why they are doing it. 


He said he never thought that they would get rid of 99 percent of 
humans, but now he wondered. ‘If you wanted to that this would be 
a hell of a way to do it — it would be unstoppable folks.’ Yeadon had 
concluded that those who submitted to the ‘vaccine’ would be 
allowed to have some kind of normal life (but for how long?) while 
screws were tightened to coerce and mandate the last few percent. ‘I 
think they’Il put the rest of them in a prison camp. I wish I was 
wrong, but I don’t think I am.’ Other points he made included: There 
were no coronavirus vaccines then suddenly they all come along at 
the same time; we have no idea of the long term affect with trials so 
short; coercing or forcing people to have medical procedures is 
against the Nuremberg Code instigated when the Nazis did just that; 
people should at least delay having the ‘vaccine’; a quick Internet 
search confirms that masks don’t reduce respiratory viral 
transmission and ‘the government knows that’; they have smashed 
civil society and they know that, too; two dozen peer-reviewed 
studies show no connection between lockdown and reducing deaths; 
he knew from personal friends the elite were still flying around and 
going on holiday while the public were locked down; the elite were 
not having the ‘vaccines’. He was also asked if ‘vaccines’ could be 
made to target difference races. He said he didn’t know, but the 
document by the Project for the New American Century in 
September, 2000, said developing ‘advanced forms of biological 
warfare that can target specific genotypes may transform biological 
warfare from the realm of terror to a politically useful tool.’ Oh, 
they’re evil all right. Of that we can be absolutely sure. 


We have seen from the CDC definition that the mRNA ‘Covid 
vaccine’ is not a vaccine and nor are the others that claim to reduce 
‘severity of symptoms’ in some people, but not protect from infection 
or transmission. What about all the lies about returning to ‘normal’ if 
people were ‘vaccinated’? If they are not claimed to stop infection 
and transmission of the alleged ‘virus’, how does anything change? 
This was all lies to manipulate people to take the jabs and we are 
seeing that now with masks and distancing still required for the 
‘vaccinated’. How did they think that elderly people with fragile 
health and immune responses were going to be affected by infusing 
their cells with synthetic material and other toxic substances? They 
knew that in the short and long term it would be devastating and 
fatal as the culling of the old that began with the first lockdowns was 
continued with the ‘vaccine’. Death rates in care homes soared 
immediately residents began to be ‘vaccinated’ — infused with 
synthetic material. Brave and committed whistleblower nurses put 
their careers at risk by exposing this truth while the rest kept their 
heads down and their mouths shut to put their careers before those 
they are supposed to care for. A long-time American Certified 
Nursing Assistant who gave his name as James posted a video in 
which he described emotionally what happened in his care home 
when vaccination began. He said that during 2020 very few residents 
were sick with ‘Covid’ and no one died during the entire year; but 
shortly after the Pfizer mRNA injections 14 people died within two 
weeks and many others were near death. ‘They’re dropping like 
flies’, he said. Residents who walked on their own before the shot 
could no longer and they had lost their ability to conduct an 
intelligent conversation. The home’s management said the sudden 
deaths were caused by a ‘super-spreader’ of ‘Covid-19’. Then how 
come, James asked, that residents who refused to take the injections 
were not sick? It was a case of inject the elderly with mRNA 
synthetic potions and blame their illness and death that followed on 
the ‘virus’. James described what was happening in care homes as 
‘the greatest crime of genocide this country has ever seen’. 
Remember the NHS staff nurse from earlier who used the same 


word ‘genocide’ for what was happening with the ‘vaccines’ and 
that it was an ‘act of human annihilation’. A UK care home 
whistleblower told a similar story to James about the effect of the 
‘vaccine’ in deaths and ‘outbreaks’ of illness dubbed ‘Covid’ after 
getting the jab. She told how her care home management and staff 
had zealously imposed government regulations and no one was 
allowed to even question the official narrative let alone speak out 
against it. She said the NHS was even worse. Again we see the 
results of reframing. A worker at a local care home where I live said 
they had not had a single case of ‘Covid’ there for almost a year and 
when the residents were ‘vaccinated’ they had 19 positive cases in 
two weeks with eight dying. 


It's not the ‘vaccine’ — honest 

The obvious cause and effect was being ignored by the media and 
most of the public. Australia’s health minister Greg Hunt (a former 
head of strategy at the World Economic Forum) was admitted to 
hospital after he had the ‘vaccine’. He was suffering according to 
reports from the skin infection ‘cellulitis’ and it must have been a 
severe case to have warranted days in hospital. Immediately the 
authorities said this was nothing to do with the ‘vaccine’ when an 
effect of some vaccines is a ‘cellulitis-like reaction’. We had families 
of perfectly healthy old people who died after the ‘vaccine’ saying 
that if only they had been given the ‘vaccine’ earlier they would still 
be alive. As a numbskull rating that is off the chart. A father of four 
‘died of Covid’ at aged 48 when he was taken ill two days after 
having the ‘vaccine’. The man, a health administrator, had been 
‘shielding during the pandemic’ and had ‘not really left the house’ 
until he went for the ‘vaccine’. Having the ‘vaccine’ and then falling 
ill and dying does not seem to have qualified as a possible cause and 
effect and ‘Covid-19’ went on his death certificate. His family said 
they had no idea how he ‘caught the virus’. A family member said: 
‘Tragically, it could be that going for a vaccination ultimately led to 
him catching Covid ...The sad truth is that they are never going to 
know where it came from.’ The family warned people to remember 


that the virus still existed and was ‘very real’. So was their stupidity. 
Nurses and doctors who had the first round of the ‘vaccine’ were 
collapsing, dying and ending up in a hospital bed while they or their 
grieving relatives were saying they'd still have the ‘vaccine’ again 
despite what happened. I kid you not. You mean if your husband 
returned from the dead he’d have the same ‘vaccine’ again that killed 
him?? 

Doctors at the VCU Medical Center in Richmond, Virginia, said 
the Johnson & Johnson ‘vaccine’ was to blame for a man’s skin 
peeling off. Patient Richard Terrell said: ‘It all just happened so fast. 
My skin peeled off. It’s still coming off on my hands now.’ He said it 
was stinging, burning and itching and when he bent his arms and 
legs it was very painful with ‘the skin swollen and rubbing against 
itself’. Pfizer/BioNTech and Moderna vaccines use mRNA to change 
the cell while the Johnson & Johnson version uses DNA in a process 
similar to AstraZeneca’s technique. Johnson & Johnson and 
AstraZeneca have both had their ‘vaccines’ paused by many 
countries after causing serious blood problems. Terrell’s doctor Fnu 
Nutan said he could have died if he hadn’t got medical attention. It 
sounds terrible so what did Nutan and Terrell say about the ‘vaccine’ 
now? Oh, they still recommend that people have it. A nurse in a 
hospital bed 40 minutes after the vaccination and unable to swallow 
due to throat swelling was told by a doctor that he lost mobility in 
his arm for 36 hours following the vaccination. What did he say to 
the ailing nurse? ‘Good for you for getting the vaccination.’ We are 
dealing with a serious form of cognitive dissonance madness in both 
public and medical staff. There is a remarkable correlation between 
those having the ‘vaccine’ and trumpeting the fact and suffering bad 
happenings shortly afterwards. Witold Rogiewicz, a Polish doctor, 
made a video of his ‘vaccination’ and ridiculed those who were 
questioning its safety and the intentions of Bill Gates: “Vaccinate 
yourself to protect yourself, your loved ones, friends and also 
patients. And to mention quickly I have info for anti-vaxxers and 
anti-Coviders if you want to contact Bill Gates you can do this 
through me.’ He further ridiculed the dangers of 5G. Days later he 


was dead, but naturally the vaccination wasn’t mentioned in the 
verdict of ‘heart attack’. 


Lies, lies and more lies 

So many members of the human race have slipped into extreme 
states of insanity and unfortunately they include reframed doctors 
and nursing staff. Having a ‘vaccine’ and dying within minutes or 
hours is not considered a valid connection while death from any 
cause within 28 days or longer of a positive test with a test not 
testing for the ‘virus’ means “Covid-19’ goes on the death certificate. 
How could that ‘vaccine’-death connection not have been made 
except by calculated deceit? US figures in the initial rollout period to 
February 12th, 2020, revealed that a third of the deaths reported to 
the CDC after ‘Covid vaccines’ happened within 48 hours. Five men 
in the UK suffered an ‘extremely rare’ blood clot problem after 
having the AstraZeneca ‘vaccine’, but no causal link was established 
said the Gates-funded Medicines and Healthcare products 
Regulatory Agency (MHRA) which had given the ‘vaccine’ 
emergency approval to be used. Former Pfizer executive Dr Michael 
Yeadon explained in his interview how the procedures could cause 
blood coagulation and clots. People who should have been at no risk 
were dying from blood clots in the brain and he said he had heard 
from medical doctor friends that people were suffering from skin 
bleeding and massive headaches. The AstraZeneca ‘shot’ was 
stopped by some 20 countries over the blood clotting issue and still 
the corrupt MHRA, the European Medicines Agency (EMA) and the 
World Health Organization said that it should continue to be given 
even though the EMA admitted that it ‘still cannot rule out 
definitively’ a link between blood clotting and the ‘vaccine’. Later 
Marco Cavaleri, head of EMA vaccine strategy, said there was indeed 
a clear link between the ‘vaccine’ and thrombosis, but they didn’t 
know why. So much for the trials showing the ‘vaccine’ is safe. Blood 
clots were affecting younger people who would be under virtually 
no danger from ‘Covid’ even if it existed which makes it all the more 
stupid and sinister. 


The British government responded to public alarm by wheeling 
out June Raine, the terrifyingly weak infant school headmistress 
sound-alike who heads the UK MHRA drug ‘regulator’. The idea 
that she would stand up to Big Pharma and government pressure is 
laughable and she told us that all was well in the same way that she 
did when allowing untested, never-used-on-humans-before, 
genetically-manipulating ‘vaccines’ to be exposed to the public in the 
first place. Mass lying is the new normal of the ‘Covid’ era. The 
MHRA later said 30 cases of rare blood clots had by then been 
connected with the AstraZeneca ‘vaccine’ (that means a lot more in 
reality) while stressing that the benefits of the jab in preventing 
‘Covid-19 outweighed any risks. A more ridiculous and 
disingenuous statement with callous disregard for human health it is 
hard to contemplate. Immediately after the mendacious ‘all-clears’ 
two hospital workers in Denmark experienced blood clots and 
cerebral haemorrhaging following the AstraZeneca jab and one died. 
Top Norwegian health official Pal Andre Holme said the ‘vaccine’ 
was the only common factor: ‘There is nothing in the patient history 
of these individuals that can give such a powerful immune response 
... lam confident that the antibodies that we have found are the 
cause, and I see no other explanation than it being the vaccine which 
triggers it.’ Strokes, a clot or bleed in the brain, were clearly 
associated with the ‘vaccine’ from word of mouth and whistleblower 
reports. Similar consequences followed with all these ‘vaccines’ that 
we were told were so safe and as the numbers grew by the day it 
was clear we were witnessing human carnage. 


Learning the hard way 

A woman interviewed by UKColumn told how her husband 
suffered dramatic health effects after the vaccine when he’d been in 
good health all his life. He went from being a little unwell to losing 
all feeling in his legs and experiencing ‘excruciating pain’. 
Misdiagnosis followed twice at Accident and Emergency (an 
‘allergy’ and ‘sciatica’) before he was admitted to a neurology ward 
where doctors said his serious condition had been caused by the 


‘vaccine’. Another seven ‘vaccinated’ people were apparently being 
treated on the same ward for similar symptoms. The woman said he 
had the ‘vaccine’ because they believed media claims that it was safe. 
‘I didn’t think the government would give out a vaccine that does 
this to somebody; I believed they would be bringing out a 
vaccination that would be safe.’ What a tragic way to learn that 
lesson. Another woman posted that her husband was transporting 
stroke patients to hospital on almost every shift and when he asked 
them if they had been ‘vaccinated’ for ‘Covid’ they all replied ‘yes’. 
One had a ‘massive brain bleed’ the day after his second dose. She 
said her husband reported the ‘just been vaccinated’ information 
every time to doctors in A and E only for them to ignore it, make no 
notes and appear annoyed that it was even mentioned. This 
particular report cannot be verified, but it expresses a common 
theme that confirms the monumental underreporting of ‘vaccine’ 
consequences. Interestingly as the ‘vaccines’ and their brain blood 
clot/stroke consequences began to emerge the UK National Health 
Service began a publicity campaign telling the public what to do in 
the event of a stroke. A Scottish NHS staff nurse who quit in disgust 
in March, 2021, said: 


| have seen traumatic injuries from the vaccine, they’re not getting reported to the yellow card 
[adverse reaction] scheme, they’re treating the symptoms, not asking why, why it’s happening. 
It’s just treating the symptoms and when you speak about it you’re dismissed like you’re crazy, 
I’m not crazy, I’m not crazy because every other colleague I’ve spoken to is terrified to speak 
out, they’ve had enough. 


Videos appeared on the Internet of people uncontrollably shaking 
after the ‘vaccine’ with no control over muscles, limbs and even their 
face. A Scottish mother broke out in a severe rash all over her body 
almost immediately after she was given the AstraZeneca ‘vaccine’. 
The pictures were horrific. Leigh King, a 41-year-old hairdresser 
from Lanarkshire said: ‘Never in my life was I prepared for what I 
was about to experience ... My skin was so sore and constantly hot 
... [have never felt pain like this ...’ But don’t you worry, the 
‘vaccine’ is perfectly safe. Then there has been the effect on medical 


staff who have been pressured to have the ‘vaccine’ by psychopathic 
‘health’ authorities and government. A London hospital consultant 
who gave the name K. Polyakova wrote this to the British Medical 
Journal or BMJ: 


| am currently struggling with ... the failure to report the reality of the morbidity caused by our 
current vaccination program within the health service and staff population. The levels of 
sickness after vaccination is unprecedented and staff are getting very sick and some with 
neurological symptoms which is having a huge impact on the health service function. Even 
the young and healthy are off for days, some for weeks, and some requiring medical 
treatment. Whole teams are being taken out as they went to get vaccinated together. 


Mandatory vaccination in this instance is stupid, unethical and irresponsible when it comes to 
protecting our staff and public health. We are in the voluntary phase of vaccination, and 
encouraging staff to take an unlicensed product that is impacting on their immediate health ... 
it is clearly stated that these vaccine products do not offer immunity or stop transmission. In 
which case why are we doing it? 


Not to protect health that’s for sure. Medical workers are lauded by 
governments for agenda reasons when they couldn’t give a toss 
about them any more than they can for the population in general. 
Schools across America faced the same situation as they closed due 
to the high number of teachers and other staff with bad reactions to 
the Pfizer/BioNTech, Moderna, and Johnson & Johnson ‘Covid 
vaccines’ all of which were linked to death and serious adverse 
effects. The BMJ took down the consultant’s comments pretty 
quickly on the grounds that they were being used to spread 
‘disinformation’. They were exposing the truth about the ‘vaccine’ 
was the real reason. The cover-up is breathtaking. 


The scale of the ‘vaccine’ death cover-up worldwide can be 
confirmed by comparing official figures with the personal experience 
of the public. I heard of many people in my community who died 
immediately or soon after the vaccine that would never appear in the 
media or even likely on the official totals of ‘vaccine’ fatalities and 
adverse reactions when only about ten percent are estimated to be 


reported and I have seen some estimates as low as one percent in a 
Harvard study. In the UK alone by April 29th, 2021, some 757,654 
adverse reactions had been officially reported from the 

Pfizer/BioN Tech, Oxford/AstraZeneca and Moderna ‘vaccines’ with 
more than a thousand deaths linked to jabs and that means an 
estimated ten times this number in reality from a ten percent 
reporting rate percentage. That’s seven million adverse reactions and 
10,000 potential deaths and a one percent reporting rate would be 
ten times those figures. In 1976 the US government pulled the swine 
flu vaccine after 53 deaths. The UK data included a combined 10,000 
eye disorders from the ‘Covid vaccines’ with more than 750 suffering 
visual impairment or blindness and again multiply by the estimated 
reporting percentages. As ‘Covid cases’ officially fell hospitals 
virtually empty during the ‘Covid crisis’ began to fill up with a 
range of other problems in the wake of the ‘vaccine’ rollout. The 
numbers across America have also been catastrophic. Deaths linked 
to all types of vaccine increased by 6,000 percent in the first quarter of 
2021 compared with 2020. A 39-year-old woman from Ogden, Utah, 
died four days after receiving a second dose of Moderna’s ‘Covid 
vaccine’ when her liver, heart and kidneys all failed despite the fact 
that she had no known medical issues or conditions. Her family 
sought an autopsy, but Dr Erik Christensen, Utah’s chief medical 
examiner, said proving vaccine injury as a cause of death almost 
never happened. He could think of only one instance where an 
autopsy would name a vaccine as the official cause of death and that 
would be anaphylaxis where someone received a vaccine and died 
almost instantaneously. ‘Short of that, it would be difficult for us to 
definitively say this is the vaccine,’ Christensen said. If that is true 
this must be added to the estimated ten percent (or far less) 
reporting rate of vaccine deaths and serious reactions and the 
conclusion can only be that vaccine deaths and serious reactions — 
including these ‘Covid’ potions’ — are phenomenally understated in 
official figures. The same story can be found everywhere. Endless 
accounts of deaths and serious reactions among the public, medical 


and care home staff while official figures did not even begin to 
reflect this. 


Professional script-reader Dr David Williams, a ‘top public-health 
official’ in Ontario, Canada, insulted our intelligence by claiming 
only four serious adverse reactions and no deaths from the more 
than 380,000 vaccine doses then given. This bore no resemblance to 
what people knew had happened in their owns circles and we had 
Dirk Huyer in charge of getting millions vaccinated in Ontario while 
at the same time he was Chief Coroner for the province investigating 
causes of death including possible death from the vaccine. An aide 
said he had stepped back from investigating deaths, but evidence 
indicated otherwise. Rosemary Frei, who secured a Master of Science 
degree in molecular biology at the Faculty of Medicine at Canada’s 
University of Calgary before turning to investigative journalism, was 
one who could see that official figures for ‘vaccine’ deaths and 
reactions made no sense. She said that doctors seldom reported 
adverse events and when people got really sick or died after getting 
a vaccination they would attribute that to anything except the 
vaccines. It had been that way for years and anyone who wondered 
aloud whether the ‘Covid vaccines’ or other shots cause harm is 
immediately branded as ‘anti-vax’ and ‘anti-science’. This was 
‘career-threatening’ for health professionals. Then there was the 
huge pressure to support the push to ‘vaccinate’ billions in the 
quickest time possible. Frei said: 


So that’s where we’re at today. More than half a million vaccine doses have been given to 
people in Ontario alone. The rush is on to vaccinate all 15 million of us in the province by 
September. And the mainstream media are screaming for this to be sped up even more. That 
all adds up to only a very slim likelihood that we’re going to be told the truth by officials 
about how many people are getting sick or dying from the vaccines. 


What is true of Ontario is true of everywhere. 


They KNEW — and still did it 


The authorities knew what was going to happen with multiple 
deaths and adverse reactions. The UK government’s Gates-funded 


and Big Pharma-dominated Medicines and Healthcare products 
Regulatory Agency (MHRA) hired a company to employ AI in 
compiling the projected reactions to the ‘vaccine’ that would 
otherwise be uncountable. The request for applications said: “The 
MHRA urgently seeks an Artificial Intelligence (AI) software tool to 
process the expected high volume of Covid-19 vaccine Adverse Drug 
Reaction ...’ This was from the agency, headed by the disingenuous 
June Raine, that gave the ‘vaccines’ emergency approval and the 
company was hired before the first shot was given. ‘We are going to 
kill and maim you — is that okay?’ ‘Oh, yes, perfectly fine — I’m very 
grateful, thank you, doctor.’ The range of “Covid vaccine’ adverse 
reactions goes on for page after page in the MHRA criminally 
underreported ‘Yellow Card’ system and includes affects to eyes, 
ears, skin, digestion, blood and so on. Raine’s MHRA amazingly 
claimed that the ‘overall safety experience ... is so far as expected 
from the clinical trials’. The death, serious adverse effects, deafness 
and blindness were expected? When did they ever mention that? If 
these human tragedies were expected then those that gave approval 
for the use of these ‘vaccines’ must be guilty of crimes against 
humanity including murder — a definition of which is ‘killing a 
person with malice aforethought or with recklessness manifesting 
extreme indifference to the value of human life.” People involved at 
the MHRA, the CDC in America and their equivalent around the 
world must go before Nuremberg trials to answer for their callous 
inhumanity. We are only talking here about the immediate effects of 
the ‘vaccine’. The longer-term impact of the DNA synthetic 
manipulation is the main reason they are so hysterically desperate to 
inoculate the entire global population in the shortest possible time. 
Africa and the developing world are a major focus for the ‘vaccine’ 
depopulation agenda and a mass vaccination sales-pitch is 
underway thanks to caring people like the Rockefellers and other 
Cult assets. The Rockefeller Foundation, which pre-empted the 
‘Covid pandemic’ in a document published in 2010 that ‘predicted’ 
what happened a decade later, announced an initial $34.95 million 
grant in February, 2021, ‘to ensure more equitable access to Covid-19 


testing and vaccines’ among other things in Africa in collaboration 
with ‘24 organizations, businesses, and government agencies’. The 
pan-Africa initiative would focus on 10 countries: Burkina Faso, 
Ethiopia, Ghana, Kenya, Nigeria, Rwanda, South Africa, Tanzania, 
Uganda, and Zambia’. Rajiv Shah, President of the Rockefeller 
Foundation and former administrator of ClA-controlled USAID, said 
that if Africa was not mass-vaccinated (to change the DNA of its 
people) it was a ‘threat to all of humanity’ and not fair on Africans. 
When someone from the Rockefeller Foundation says they want to 
do something to help poor and deprived people and countries it is 
time for a belly-laugh. They are doing this out of the goodness of 
their ‘heart’ because ‘vaccinating’ the entire global population is 
what the ‘Covid’ hoax set out to achieve. Official ‘decolonisation’ of 
Africa by the Cult was merely a prelude to financial colonisation on 
the road to a return to physical colonisation. The ‘vaccine’ is vital to 
that and the sudden and convenient death of the ‘Covid’ sceptic 
president of Tanzania can be seen in its true light. A lot of people in 
Africa are aware that this is another form of colonisation and 
exploitation and they need to stand their ground. 


The ‘vaccine is working scam 

A potential problem for the Cult was that the ‘vaccine’ is meant to 
change human DNA and body messaging and not to protect anyone 
from a ‘virus’ never shown to exist. The vaccine couldn’t work 
because it was not designed to work and how could they make it 
appear to be working so that more people would have it? This was 
overcome by lowering the amplification rate of the PCR test to 
produce fewer ‘cases’ and therefore fewer ‘deaths’. Some of us had 
been pointing out since March, 2020, that the amplification rate of 
the test not testing for the ‘virus’ had been made artificially high to 
generate positive tests which they could call ‘cases’ to justify 
lockdowns. The World Health Organization recommended an 
absurdly high 45 amplification cycles to ensure the high positives 
required by the Cult and then remained silent on the issue until 
January 20th, 2021 — Biden’s Inauguration Day. This was when the 


‘vaccinations’ were seriously underway and on that day the WHO 
recommended after discussions with America’s CDC that 
laboratories lowered their testing amplification. Dr David Samadi, a 
certified urologist and health writer, said the WHO was encouraging 
all labs to reduce their cycle count for PCR tests. He said the current 
cycle was much too high and was ‘resulting in any particle being 
declared a positive case’. Even one mainstream news report I saw 
said this meant the number of “Covid’ infections may have been 
‘dramatically inflated’. Oh, just a little bit. The CDC in America 
issued new guidance to laboratories in April, 2021, to use 28 cycles 
but only for ‘vaccinated’ people. The timing of the CDC/WHO 
interventions were cynically designed to make it appear the 
‘vaccines’ were responsible for falling cases and deaths when the real 
reason can be seen in the following examples. New York’s state lab, 
the Wadsworth Center, identified 872 positive tests in July, 2020, 
based on a threshold of 40 cycles. When the figure was lowered to 35 
cycles 43 percent of the 872 were no longer ‘positives’. At 30 cycles 
the figure was 63 percent. A Massachusetts lab found that between 
85 to 90 percent of people who tested positive in July with a cycle 
threshold of 40 would be negative at 30 cycles, Ashish Jha, MD, 
director of the Harvard Global Health Institute, said: ‘I’m really 
shocked that it could be that high ... Boy, does it really change the 
way we need to be thinking about testing.’ I’m shocked that I could 
see the obvious in the spring of 2020, with no medical background, 
and most medical professionals still haven’t worked it out. No, that’s 
not shocking — it’s terrifying. 

Three weeks after the WHO directive to lower PCR cycles the 
London Daily Mail ran this headline: ‘Why ARE Covid cases 
plummeting? New infections have fallen 45% in the US and 30% 
globally in the past 3 weeks but experts say vaccine is NOT the main 
driver because only 8% of Americans and 13% of people worldwide 
have received their first dose.’ They acknowledged that the drop 
could not be attributed to the ‘vaccine’, but soon this morphed 
throughout the media into the ‘vaccine’ has caused cases and deaths 
to fall when it was the PCR threshold. In December, 2020, there was 


chaos at English Channel ports with truck drivers needing negative 
‘Covid’ tests before they could board a ferry home for Christmas. 
The government wanted to remove the backlog as fast as possible 
and they brought in troops to do the ‘testing’. Out of 1,600 drivers 
just 36 tested positive and the rest were given the all clear to cross 
the Channel. I guess the authorities thought that 36 was the least 
they could get away with without the unquestioning catching on. 
The amplification trick which most people believed in the absence of 
information in the mainstream applied more pressure on those 
refusing the ‘vaccine’ to succumb when it ‘obviously worked’. The 
truth was the exact opposite with deaths in care homes soaring with 
the ‘vaccine’ and in Israel the term used was ‘skyrocket’. A re- 
analysis of published data from the Israeli Health Ministry led by Dr 
Hervé Seligmann at the Medicine Emerging Infectious and Tropical 
Diseases at Aix-Marseille University found that Pfizer’s ‘Covid 
vaccine’ killed ‘about 40 times more [elderly] people than the disease 
itself would have killed’ during a five-week vaccination period and 
260 times more younger people than would have died from the 
‘virus’ even according to the manipulated ‘virus’ figures. Dr 
Seligmann and his co-study author, Haim Yativ, declared after 
reviewing the Israeli ‘vaccine’ death data: ‘This is a new Holocaust.’ 


Then, in mid-April, 2021, after vast numbers of people worldwide 
had been ‘vaccinated’, the story changed with clear coordination. 
The UK government began to prepare the ground for more future 
lockdowns when Nuremberg-destined Boris Johnson told yet 
another whopper. He said that cases had fallen because of lockdowns 
not ‘vaccines’. Lockdowns are irrelevant when there is no ‘virus’ and 
the test and fraudulent death certificates are deciding the number of 
‘cases’ and ‘deaths’. Study after study has shown that lockdowns 
don’t work and instead kill and psychologically destroy people. 
Meanwhile in the United States Anthony Fauci and Rochelle 
Walensky, the ultra-Zionist head of the CDC, peddled the same line. 
More lockdown was the answer and not the ‘vaccine’, a line repeated 
on cue by the moron that is Canadian Prime Minister Justin Trudeau. 
Why all the hysteria to get everyone ‘vaccinated’ if lockdowns and 


not ‘vaccines’ made the difference? None of it makes sense on the 
face of it. Oh, but it does. The Cult wants lockdowns and the 
‘vaccine’ and if the ‘vaccine’ is allowed to be seen as the total answer 
lockdowns would no longer be justified when there are still 
livelihoods to destroy. ‘Variants’ and renewed upward manipulation 
of PCR amplification are planned to instigate never-ending 
lockdown and more ‘vaccines’. 


You must have it— we're desperate 

Israel, where the Jewish and Arab population are ruled by the 
Sabbatian Cult, was the front-runner in imposing the DNA- 
manipulating ‘vaccine’ on its people to such an extent that Jewish 
refusers began to liken what was happening to the early years of 
Nazi Germany. This would seem to be a fantastic claim. Why would 
a government of Jewish people be acting like the Nazis did? If you 
realise that the Sabbatian Cult was behind the Nazis and that 
Sabbatians hate Jews the pieces start to fit and the question of why a 
‘Jewish’ government would treat Jews with such callous disregard 
for their lives and freedom finds an answer. Those controlling the 
government of Israel aren't Jewish — they're Sabbatian. Israeli lawyer 
Tamir Turgal was one who made the Nazi comparison in comments 
to German lawyer Reiner Fuellmich who is leading a class action 
lawsuit against the psychopaths for crimes against humanity. Turgal 
described how the Israeli government was vaccinating children and 
pregnant women on the basis that there was no evidence that this 
was dangerous when they had no evidence that it wasn’t dangerous 
either. They just had no evidence. This was medical experimentation 
and Turgal said this breached the Nuremberg Code about medical 
experimentation and procedures requiring informed consent and 
choice. Think about that. A Nuremberg Code developed because of 
Nazi experimentation on Jews and others in concentration camps by 
people like the evil-beyond-belief Josef Mengele is being breached by 
the Israeli government; but when you know that it’s a Sabbatian 
government along with its intelligence and military agencies like 
Mossad, Shin Bet and the Israeli Defense Forces, and that Sabbatians 


were the force behind the Nazis, the kaleidoscope comes into focus. 
What have we come to when Israeli Jews are suing their government 
for violating the Nuremberg Code by essentially making Israelis 
subject to a medical experiment using the controversial ‘vaccines’? 
It’s a shocker that this has to be done in the light of what happened 
in Nazi Germany. The Anshe Ha-Emet, or ‘People of the Truth’, 
made up of Israeli doctors, lawyers, campaigners and public, have 
launched a lawsuit with the International Criminal Court. It says: 


When the heads of the Ministry of Health as well as the prime minister presented the vaccine 
in Israel and began the vaccination of Israeli residents, the vaccinated were not advised, that, 
in practice, they are taking part in a medical experiment and that their consent is required for 
this under the Nuremberg Code. 


The irony is unbelievable, but easily explained in one word: 
Sabbatians. The foundation of Israeli ‘Covid’ apartheid is the ‘green 
pass’ or ‘green passport’ which allows Jews and Arabs who have 
had the DNA-manipulating ‘vaccine’ to go about their lives — to 
work, fly, travel in general, go to shopping malls, bars, restaurants, 
hotels, concerts, gyms, swimming pools, theatres and sports venues, 
while non-’ vaccinated’ are banned from all those places and 
activities. Israelis have likened the ‘green pass’ to the yellow stars 
that Jews in Nazi Germany were forced to wear — the same as the 
yellow stickers that a branch of UK supermarket chain Morrisons 
told exempt mask-wears they had to display when shopping. How 
very sensitive. The Israeli system is blatant South African-style 
apartheid on the basis of compliance or non-compliance to fascism 
rather than colour of the skin. How appropriate that the Sabbatian 
Israeli government was so close to the pre-Mandela apartheid 
regime in Pretoria. The Sabbatian-instigated ‘vaccine passport’ in 
Israel is planned for everywhere. Sabbatians struck a deal with 
Pfizer that allowed them to lead the way in the percentage of a 
national population infused with synthetic material and the result 
was catastrophic. Israeli freedom activist Shai Dannon told me how 
chairs were appearing on beaches that said ‘vaccinated only’. Health 
Minister Yuli Edelstein said that anyone unwilling or unable to get 


the jabs that ‘confer immunity’ will be ‘left behind’. The man’s a liar. 
Not even the makers claim the ‘vaccines’ confer immunity. When 
you see those figures of ‘vaccine’ deaths these psychopaths were 
saying that you must take the chance the ‘vaccine’ will kill you or 
maim you while knowing it will change your DNA or lockdown for 
you will be permanent. That's fascism. The Israeli parliament passed 
a law to allow personal information of the non-vaccinated to be 
shared with local and national authorities for three months. This was 
claimed by its supporters to be a way to ‘encourage’ people to be 
vaccinated. Hadas Ziv from Physicians for Human Rights described 
this as a ‘draconian law which crushed medical ethics and the 
patient rights’. But that’s the idea, the Sabbatians would reply. 


Your papers, please 

Sabbatian Israel was leading what has been planned all along to be a 
global ‘vaccine pass’ called a ‘green passport’ without which you 
would remain in permanent lockdown restriction and unable to do 
anything. This is how badly — desperately — the Cult is to get everyone 
‘vaccinated’. The term and colour ‘green’ was not by chance and 
related to the psychology of fusing the perception of the green 
climate hoax with the ‘Covid’ hoax and how the ‘solution’ to both is 
the same Great Reset. Lying politicians, health officials and 
psychologists denied there were any plans for mandatory 
vaccinations or restrictions based on vaccinations, but they knew 
that was exactly what was meant to happen with governments of all 
countries reaching agreements to enforce a global system. ‘Free’ 
Denmark and ‘free’ Sweden unveiled digital vaccine certification. 
Cyprus, Czech Republic, Estonia, Greece, Hungary, Iceland, Italy, 
Poland, Portugal, Slovakia, and Spain have all committed to a 
vaccine passport system and the rest including the whole of the EU 
would follow. The satanic UK government will certainly go this way 
despite mendacious denials and at the time of writing it is trying to 
manipulate the public into having the ‘vaccine’ so they could go 
abroad on a summer holiday. How would that work without 
something to prove you had the synthetic toxicity injected into you? 


Documents show that the EU’s European Commission was moving 
towards ‘vaccine certificates’ in 2018 and 2019 before the ‘Covid’ 
hoax began. They knew what was coming. Abracadabra — Ursula 
von der Leyen, the German President of the Commission, 
announced in March, 2021, an EU ‘Digital Green Certificate’ — green 
again — to track the public’s ‘Covid status’. The passport sting is 
worldwide and the Far East followed the same pattern with South 
Korea ruling that only those with ‘vaccination’ passports — again the 
green pass — would be able to ‘return to their daily lives’. 


Bill Gates has been preparing for this ‘passport’ with other Cult 
operatives for years and beyond the paper version is a Gates-funded 
‘digital tattoo’ to identify who has been vaccinated and who hasn't. 
The ‘tattoo’ is reported to include a substance which is externally 
readable to confirm who has been vaccinated. This is a bio-luminous 
light-generating enzyme (think fireflies) called ... Luciferase. Yes, 
named after the Cult ‘god’ Lucifer the ‘light bringer’ of whom more 
to come. Gates said he funded the readable tattoo to ensure children 
in the developing world were vaccinated and no one was missed out. 
He cares so much about poor kids as we know. This was just the 
cover story to develop a vaccine tagging system for everyone on the 
planet. Gates has been funding the ID2020 ‘alliance’ to do just that in 
league with other lovely people at Microsoft, GAVI, the Rockefeller 
Foundation, Accenture and IDEO.org. He said in interviews in 
March, 2020, before any ‘vaccine’ publicly existed, that the world 
must have a globalised digital certificate to track the ‘virus’ and who 
had been vaccinated. Gates knew from the start that the mRNA 
vaccines were coming and when they would come and that the plan 
was to tag the ‘vaccinated’ to marginalise the intelligent and stop 
them doing anything including travel. Evil just doesn’t suffice. Gates 
was exposed for offering a $10 million bribe to the Nigerian House 
of Representatives to invoke compulsory ‘Covid’ vaccination of all 
Nigerians. Sara Cunial, a member of the Italian Parliament, called 
Gates a ‘vaccine criminal’. She urged the Italian President to hand 
him over to the International Criminal Court for crimes against 


humanity and condemned his plans to ‘chip the human race’ 
through ID2020. 

You know it’s a long-planned agenda when war criminal and Cult 
gofer Tony Blair is on the case. With the scale of arrogance only 
someone as dark as Blair can muster he said: ‘Vaccination in the end 
is going to be your route to liberty.’ Blair is a disgusting piece of 
work and he confirms that again. The media has given a lot of 
coverage to a bloke called Charlie Mullins, founder of London’s 
biggest independent plumbing company, Pimlico Plumbers, who has 
said he won’t employ anyone who has not been vaccinated or have 
them go to any home where people are not vaccinated. He said that 
if he had his way no one would be allowed to walk the streets if they 
have not been vaccinated. Gates was cheering at the time while I was 
alerting the white coats. The plan is that people will qualify for 
‘passports’ for having the first two doses and then to keep it they 
will have to have all the follow ups and new ones for invented 
‘variants’ until human genetics is transformed and many are dead 
who can’t adjust to the changes. Hollywood celebrities — the usual 
propaganda stunt — are promoting something called the WELL 
Health-Safety Rating to verify that a building or space has ‘taken the 
necessary steps to prioritize the health and safety of their staff, 
visitors and other stakeholders’. They included Lady Gaga, Jennifer 
Lopez, Michael B. Jordan, Robert DeNiro, Venus Williams, Wolfgang 
Puck, Deepak Chopra and 17th Surgeon General Richard Carmona. 
Yawn. WELL Health-Safety has big connections with China. Parent 
company Delos is headed by former Goldman Sachs partner Paul 
Scialla. This is another example — and we will see so many others — 
of using the excuse of ‘health’ to dictate the lives and activities of the 
population. I guess one confirmation of the ‘safety’ of buildings is 
that only ‘vaccinated’ people can go in, right? 


Electronic concentration camps 

I wrote decades ago about the plans to restrict travel and here we are 
for those who refuse to bow to tyranny. This can be achieved in one 
go with air travel if the aviation industry makes a blanket decree. 


The ‘vaccine’ and guaranteed income are designed to be part of a 
global version of China’s social credit system which tracks behaviour 
24/7 and awards or deletes ‘credits’ based on whether your 
behaviour is supported by the state or not. I mean your entire 
lifestyle — what you do, eat, say, everything. Once your credit score 
falls below a certain level consequences kick in. In China tens of 
millions have been denied travel by air and train because of this. All 
the locations and activities denied to refusers by the ‘vaccine’ 
passports will be included in one big mass ban on doing almost 
anything for those that don’t bow their head to government. It’s 
beyond fascist and a new term is required to describe its extremes — I 
guess fascist technocracy will have to do. The way the Chinese 
system of technological — technocratic — control is sweeping the West 
can be seen in the Los Angeles school system and is planned to be 
expanded worldwide. Every child is required to have a “Covid’- 
tracking app scanned daily before they can enter the classroom. The 
so-called Daily Pass tracking system is produced by Gates’ Microsoft 
which I’m sure will shock you rigid. The pass will be scanned using 
a barcode (one step from an inside-the-body barcode) and the 
information will include health checks, ‘Covid’ tests and 
vaccinations. Entry codes are for one specific building only and 
access will only be allowed if a student or teacher has a negative test 
with a test not testing for the ‘virus’, has no symptoms of anything 
alleged to be related to ‘Covid’ (symptoms from a range of other 
illness), and has a temperature under 100 degrees. No barcode, no 
entry, is planned to be the case for everywhere and not only schools. 
Kids are being psychologically prepared to accept this as ‘normal’ 
their whole life which is why what they can impose in schools is so 
important to the Cult and its gofers. Long-time American freedom 
campaigner John Whitehead of the Rutherford Institute was not 
exaggerating when he said: ‘Databit by databit, we are building our 
own electronic concentration camps.’ Canada under its Cult gofer 
prime minister Justin Trudeau has taken a major step towards the 
real thing with people interned against their will if they test positive 
with a test not testing for the ‘virus’ when they arrive at a Canadian 


airport. They are jailed in internment hotels often without food or 
water for long periods and with many doors failing to lock there 
have been sexual assaults. The interned are being charged 
sometimes $2,000 for the privilege of being abused in this way. 
Trudeau is fully on board with the Cult and says the ‘Covid 
pandemic’ has provided an opportunity for a global ‘reset’ to 
permanently change Western civilisation. His number two, Deputy 
Prime Minister Chrystia Freeland, is a trustee of the World Economic 
Forum and a Rhodes Scholar. The Trudeau family have long been 
servants of the Cult. See The Biggest Secret and Cathy O’Brien’s book 
Trance-Formation of America for the horrific background to Trudeau's 
father Pierre Trudeau another Canadian prime minister. Hide your 
fascism behind the fagade of a heart-on-the-sleeve liberal. It’s a well- 
honed Cult technique. 


What can the ‘vaccine’ really do? 


We have a ‘virus’ never shown to exist and ‘variants’ of the ‘virus’ 
that have also never been shown to exist except, like the ‘original’, as 
computer-generated fictions. Even if you believe there’s a ‘virus’ the 
‘case’ to ‘death’ rate is in the region of 0.23 to 0.15 percent and those 
‘deaths’ are concentrated among the very old around the same 
average age that people die anyway. In response to this lack of threat 
(in truth none) psychopaths and idiots, knowingly and unknowingly 
answering to Gates and the Cult, are seeking to ‘vaccinate’ every 
man, woman and child on Planet Earth. Clearly the ‘vaccine’ is not 
about “Covid’ — none of this ever has been. So what is it all about 
really? Why the desperation to infuse genetically-manipulating 
synthetic material into everyone through mRNA fraudulent 
‘vaccines’ with the intent of doing this over and over with the 
excuses of ‘variants’ and other ‘virus’ inventions? Dr Sherri 
Tenpenny, an osteopathic medical doctor in the United States, has 
made herself an expert on vaccines and their effects as a vehement 
campaigner against their use. Tenpenny was board certified in 
emergency medicine, the director of a level two trauma centre for 12 
years, and moved to Cleveland in 1996 to start an integrative 


medicine practice which has treated patients from all 50 states and 
some 17 other countries. Weaning people off pharmaceutical drugs is 
a speciality. 

She became interested in the consequences of vaccines after 
attending a meeting at the National Vaccine Information Center in 
Washington DC in 2000 where she ‘sat through four days of listening 
to medical doctors and scientists and lawyers and parents of vaccine 
injured kids’ and asked: ‘What's going on?’ She had never been 
vaccinated and never got ill while her father was given a list of 
vaccines to be in the military and was ‘sick his entire life’. The 
experience added to her questions and she began to examine vaccine 
documents from the Centers for Disease Control (CDC). After 
reading the first one, the 1998 version of The General Recommendations 
of Vaccination, she thought: ‘This is it?” The document was poorly 
written and bad science and Tenpenny began 20 years of research 
into vaccines that continues to this day. She began her research into 
‘Covid vaccines’ in March, 2020, and she describes them as ‘deadly’. 
For many, as we have seen, they already have been. Tenpenny said 
that in the first 30 days of the ‘vaccine’ rollout in the United States 
there had been more than 40,000 adverse events reported to the 
vaccine adverse event database. A document had been delivered to 
her the day before that was 172 pages long. ‘We have over 40,000 
adverse events; we have over 3,100 cases of [potentially deadly] 
anaphylactic shock; we have over 5,000 neurological reactions.’ 
Effects ranged from headaches to numbness, dizziness and vertigo, 
to losing feeling in hands or feet and paraesthesia which is when 
limbs ‘fall asleep’ and people have the sensation of insects crawling 
underneath their skin. All this happened in the first 30 days and 
remember that only about ten percent (or far less) of adverse reactions 
and vaccine-related deaths are estimated to be officially reported. 
Tenpenny said: 


So can you think of one single product in any industry, any industry, for as long as products 
have been made on the planet that within 30 days we have 40,000 people complaining of 
side effects that not only is still on the market but ... we’ve got paid actors telling us how great 


they are for getting their vaccine. We're offering people $500 if they will just get their vaccine 
and we've got nurses and doctors going; ‘I got the vaccine, | got the vaccine’. 


Tenpenny said they were not going to be ‘happy dancing folks’ 
when they began to suffer Bell’s palsy (facial paralysis), 
neuropathies, cardiac arrhythmias and autoimmune reactions that 
kill through a blood disorder. ‘They’re not going to be so happy, 
happy then, but we’re never going to see pictures of those people’ 
she said. Tenpenny described the ‘vaccine’ as ‘a well-designed killing 
tool’. 


No off-switch 

Bad as the initial consequences had been Tenpenny said it would be 
maybe 14 months before we began to see the ‘full ravage’ of what is 
going to happen to the ‘Covid vaccinated’ with full-out 
consequences taking anything between two years and 20 years to 
show. You can understand why when you consider that variations of 
the ‘Covid vaccine’ use mRNA (messenger RNA) to in theory 
activate the immune system to produce protective antibodies 
without using the actual ‘virus’. How can they when it’s a computer 
program and they’ve never isolated what they claim is the ‘real 
thing’? Instead they use synthetic mRNA. They are inoculating 
synthetic material into the body which through a technique known 
as the Trojan horse is absorbed into cells to change the nature of 
DNA. Human DNA is changed by an infusion of messenger RNA 
and with each new ‘vaccine’ of this type it is changed even more. Say 
so and you are banned by Cult Internet platforms. The contempt the 
contemptuous Mark Zuckerberg has for the truth and human health 
can be seen in an internal Facebook video leaked to the Project 
Veritas investigative team in which he said of the ‘Covid vaccines’: 
‘... [share some caution on this because we just don’t know the long 
term side-effects of basically modifying people’s DNA and RNA.’ At 
the same time this disgusting man’s Facebook was censoring and 
banning anyone saying exactly the same. He must go before a 
Nuremberg trial for crimes against humanity when he knows that he 


is censoring legitimate concerns and denying the right of informed 
consent on behalf of the Cult that owns him. People have been killed 
and damaged by the very ‘vaccination’ technique he cast doubt on 
himself when they may not have had the ‘vaccine’ with access to 
information that he denied them. The plan is to have at least annual 
‘Covid vaccinations’, add others to deal with invented ‘variants’, and 
change all other vaccines into the mRNA system. Pfizer executives 
told shareholders at a virtual Barclays Global Healthcare Conference 
in March, 2021, that the public may need a third dose of ‘Covid 
vaccine’, plus regular yearly boosters and the company planned to 
hike prices to milk the profits in a ‘significant opportunity for our 
vaccine’. These are the professional liars, cheats and opportunists 
who are telling you their ‘vaccine’ is safe. Given this volume of 
mRNA planned to be infused into the human body and its ability to 
then replicate we will have a transformation of human genetics from 
biological to synthetic biological — exactly the long-time Cult plan for 
reasons we'll see — and many will die. Sherri Tenpenny said of this 
replication: 


It’s like having an on-button but no off-button and that whole mechanism ... they actually 
give it aname and they call it the Trojan horse mechanism, because it allows that [synthetic] 
virus and that piece of that [synthetic] virus to get inside of your cells, start to replicate and 
even get inserted into other parts of your DNA as a Trojan-horse. 


Ask the overwhelming majority of people who have the ‘vaccine’ 
what they know about the contents and what they do and they 
would reply: ‘The government says it will stop me getting the virus.’ 
Governments give that false impression on purpose to increase take- 
up. You can read Sherri Tenpenny’s detailed analysis of the health 
consequences in her blog at Vaxxter.com, but in summary these are 
some of them. She highlights the statement by Bill Gates about how 
human beings can become their own ‘vaccine manufacturing 
machine’. The man is insane. [“Vaccine’-generated] ‘antibodies’ carry 
synthetic messenger RNA into the cells and the damage starts, 
Tenpenny contends, and she says that lungs can be adversely 
affected through varying degrees of pus and bleeding which 


obviously affects breathing and would be dubbed ‘Covid-19’. Even 
more sinister was the impact of ‘antibodies’ on macrophages, a white 
blood cell of the immune system. They consist of Type 1 and Type 2 
which have very different functions. She said Type 1 are ‘hyper- 
vigilant’ white blood cells which ‘gobble up’ bacteria etc. However, 
in doing so, this could cause inflammation and in extreme 
circumstances be fatal. She says these affects are mitigated by Type 2 
macrophages which kick in to calm down the system and stop it 
going rogue. They clear up dead tissue debris and reduce 
inflammation that the Type 1 ‘fire crews’ have caused. Type 1 kills 
the infection and Type 2 heals the damage, she says. This is her 
punchline with regard to ‘Covid vaccinations’: She says that mRNA 
‘antibodies’ block Type 2 macrophages by attaching to them and 
deactivating them. This meant that when the Type 1 response was 
triggered by infection there was nothing to stop that getting out of 
hand by calming everything down. There’s an on-switch, but no off- 
switch, she says. What follows can be ‘over and out, see you when I 
see you’. 


Genetic suicide 

Tenpenny also highlights the potential for autoimmune disease — the 
body attacking itself —- which has been associated with vaccines since 
they first appeared. Infusing a synthetic foreign substance into cells 
could cause the immune system to react in a panic believing that the 
body is being overwhelmed by an invader (it is) and the 
consequences can again be fatal. There is an autoimmune response 
known as a ‘cytokine storm’ which I have likened to a homeowner 
panicked by an intruder and picking up a gun to shoot randomly in 
all directions before turning the fire on himself. The immune system 
unleashes a storm of inflammatory response called cytokines to a 
threat and the body commits hara-kiri. The lesson is that you mess 
with the body’s immune response at your peril and these ‘vaccines’ 
seriously — fundamentally — mess with immune response. Tenpenny 
refers to a consequence called anaphylactic shock which is a severe 
and highly dangerous allergic reaction when the immune system 


floods the body with chemicals. She gives the example of having a 
bee sting which primes the immune system and makes it sensitive to 
those chemicals. When people are stung again maybe years later the 
immune response can be so powerful that it leads to anaphylactic 
shock. Tenpenny relates this ‘shock’ with regard to the ‘Covid 
vaccine’ to something called polyethylene glycol or PEG. Enormous 
numbers of people have become sensitive to this over decades of use 
in a whole range of products and processes including food, drink, 
skin creams and ‘medicine’. Studies have claimed that some 72 
percent of people have antibodies triggered by PEG compared with 
two percent in the 1960s and allergic hypersensitive reactions to this 
become a gathering cause for concern. Tenpenny points out that the 
‘mRNA vaccine’ is coated in a ‘bubble’ of polyethylene glycol which 
has the potential to cause anaphylactic shock through immune 
sensitivity. Many reports have appeared of people reacting this way 
after having the ‘Covid vaccine’. What do we think is going to 
happen as humanity has more and more of these ‘vaccines’? 
Tenpenny said: ‘All these pictures we have seen with people with 
these rashes ... these weepy rashes, big reactions on their arms and 
things like that — it’s an acute allergic reaction most likely to the 
polyethylene glycol that you’ve been previously primed and 
sensitised to.’ 

Those who have not studied the conspiracy and its perpetrators at 
length might think that making the population sensitive to PEG and 
then putting it in these ‘vaccines’ is just a coincidence. It is not. It is 
instead testament to how carefully and coldly-planned current 
events have been and the scale of the conspiracy we are dealing 
with. Tenpenny further explains that the ‘vaccine’ mRNA procedure 
can breach the blood-brain barrier which protects the brain from 
toxins and other crap that will cause malfunction. In this case they 
could make two proteins corrupt brain function to cause 
Amyotrophic lateral sclerosis (ALS) , a progressive nervous system 
disease leading to loss of muscle control, and frontal lobe 
degeneration — Alzheimer’s and dementia. Immunologist J. Bart 
Classon published a paper connecting mRNA ‘vaccines’ to prion 


disease which can lead to Alzheimer’s and other forms of 
neurogenerative disease while others have pointed out the potential 
to affect the placenta in ways that make women infertile. This will 
become highly significant in the next chapter when I will discuss 
other aspects of this non-vaccine that relate to its nanotechnology 
and transmission from the injected to the uninjected. 


Qualified in idiocy 

Tenpenny describes how research has confirmed that these ‘vaccine’- 
generated antibodies can interact with a range of other tissues in the 
body and attack many other organs including the lungs. ‘This means 
that if you have a hundred people standing in front of you that all 
got this shot they could have a hundred different symptoms.’ 
Anyone really think that Cult gofers like the Queen, Tony Blair, 
Christopher Whitty, Anthony Fauci, and all the other psychopaths 
have really had this ‘vaccine’ in the pictures we’ve seen? Not a 
bloody chance. Why don’t doctors all tell us about all these dangers 
and consequences of the ‘Covid vaccine’? Why instead do they 
encourage and pressure patients to have the shot? Don’t let’s think 
for amoment that doctors and medical staff can’t be stupid, lazy, and 
psychopathic and that’s without the financial incentives to give the 
jab. Tenpenny again: 


Some people are going to die from the vaccine directly but a large number of people are 
going to start to get horribly sick and get all kinds of autoimmune diseases 42 days to maybe a 
year out. What are they going to do, these stupid doctors who say; ‘Good for you for getting 
that vaccine.’ What are they going to say; ‘Oh, it must be a mutant, we need to give an extra 
dose of that vaccine.’ 


Because now the vaccine, instead of one dose or two doses we need three or four because the 
stupid physicians aren’t taking the time to learn anything about it. If | can learn this sitting in 
my living room reading a 19 page paper and several others so can they. There’s nothing 
special about me, | just take the time to do it. 


Remember how Sara Kayat, the NHS and TV doctor, said that the 
‘Covid vaccine’ would ‘100 percent prevent hospitalisation and 
death’. Doctors can be idiots like every other profession and they 


should not be worshipped as infallible. They are not and far from it. 
Behind many medical and scientific ‘experts’ lies an uninformed prat 
trying to hide themselves from you although in the ‘Covid’ era many 
have failed to do so as with UK narrative-repeating “TV doctor’ 
Hilary Jones. Pushing back against the minority of proper doctors 
and scientists speaking out against the ‘vaccine’ has been the entire 
edifice of the Cult global state in the form of governments, medical 
systems, corporations, mainstream media, Silicon Valley, and an 
army of compliant doctors, medical staff and scientists willing to say 
anything for money and to enhance their careers by promoting the 
party line. If you do that you are an ‘expert’ and if you won’t you are 
an ‘anti-vaxxer’ and ‘Covidiot’. The pressure to be ‘vaccinated’ is 
incessant. We have even had reports claiming that the ‘vaccine’ can 
help cure cancer and Alzheimer’s and make the lame walk. I am 
waiting for the announcement that it can bring you coffee in the 
morning and cook your tea. Just as the symptoms of ‘Covid’ seem to 
increase by the week so have the miracles of the ‘vaccine’. American 
supermarket giant Kroger Co. offered nearly 500,000 employees in 
35 states a $100 bonus for having the ‘vaccine’ while donut chain 
Krispy Kreme promised ‘vaccinated’ customers a free glazed donut 
every day for the rest of 2021. Have your DNA changed and you will 
get a doughnut although we might not have to give you them for 
long. Such offers and incentives confirm the desperation. 


Perhaps the worse vaccine-stunt of them all was UK ‘Health’ 
Secretary Matt-the-prat Hancock on live TV after watching a clip of 
someone being ‘vaccinated’ when the roll-out began. Hancock faked 
tears so badly it was embarrassing. Brain-of-Britain Piers Morgan, 
the lockdown-supporting, ‘vaccine’ supporting, ‘vaccine’ passport- 
supporting, TV host played along with Hancock — ‘You're quite 
emotional about that’ he said in response to acting so atrocious it 
would have been called out at a school nativity which will 
presumably today include Mary and Jesus in masks, wise men 
keeping their camels six feet apart, and shepherds under tent arrest. 
System-serving Morgan tweeted this: ‘Love the idea of covid vaccine 
passports for everywhere: flights, restaurants, clubs, football, gyms, 


shops etc. It’s time covid-denying, anti-vaxxer loonies had their 
bullsh*t bluff called & bar themselves from going anywhere that 
responsible citizens go.’ If only I could aspire to his genius. To think 
that Morgan, who specialises in shouting over anyone he disagrees 
with, was lauded as a free speech hero when he lost his job after 
storming off the set of his live show like a child throwing his dolly 
out of the pram. If he is a free speech hero we are in real trouble. I 
have no idea what ‘bullsh*t’ means, by the way, the * throws me 
completely. 

The Cult is desperate to infuse its synthetic DNA-changing 
concoction into everyone and has been using every lie, trick and 
intimidation to do so. The question of ‘Why?’ we shall now address. 


CHAPTER TEN 
Human 2.0 


| believe that at the end of the century the use of words and general 

educated opinion will have altered so much that one will be able to 

speak of machines thinking without expecting to be contradicted — 
Alan Turing (1912-1954), the ‘Father of artificial intelligence‘ 


have been exposing for decades the plan to transform the human 

body from a biological to a synthetic-biological state. The new 
human that I will call Human 2.0 is planned to be connected to 
artificial intelligence and a global AI ‘Smart Grid’ that would operate 
as one global system in which AI would control everything from 
your fridge to your heating system to your car to your mind. 
Humans would no longer be ‘human’, but post-human and sub- 
human, with their thinking and emotional processes replaced by AI. 

What I said sounded crazy and beyond science fiction and I could 
understand that. To any balanced, rational, mind it is crazy. Today, 
however, that world is becoming reality and it puts the ‘Covid 
vaccine’ into its true context. Ray Kurzweil is the ultra-Zionist 
‘computer scientist, inventor and futurist’ and co-founder of the 
Singularity University. Singularity refers to the merging of humans 
with machines or ‘transhumanism’. Kurzweil has said humanity 
would be connected to the cyber ‘cloud’ in the period of the ever- 
recurring year of 2030: 


Our thinking ... will be a hybrid of biological and non-biological thinking ... humans will be 
able to extend their limitations and ‘think in the cloud’ ... We’re going to put gateways to the 


cloud in our brains ... We're going to gradually merge and enhance ourselves ... In my view, 
that’s the nature of being human — we transcend our limitations. As the technology becomes 
vastly superior to what we are then the small proportion that is still human gets smaller and 
smaller and smaller until it’s just utterly negligible. 


They are trying to sell this end-of-humanity-as-we-know-it as the 
next stage of ‘evolution’ when we become super-human and ‘like the 
gods’. They are lying to you. Shocked, eh? The population, and again 
especially the young, have been manipulated into addiction to 
technologies designed to enslave them for life. First they induced an 
addiction to smartphones (holdables); next they moved to 
technology on the body (wearables); and then began the invasion of 
the body (implantables). I warned way back about the plan for 
microchipped people and we are now entering that era. We should 
not be diverted into thinking that this refers only to chips we can see. 
Most important are the nanochips known as smart dust, neural dust 
and nanobots which are far too small to be seen by the human eye. 
Nanotechnology is everywhere, increasingly in food products, and 
released into the atmosphere by the geoengineering of the skies 
funded by Bill Gates to ‘shut out the Sun’ and ‘save the planet from 
global warming’. Gates has been funding a project to spray millions 
of tonnes of chalk (calcium carbonate) into the stratosphere over 
Sweden to ‘dim the Sun’ and cool the Earth. Scientists warned the 
move could be disastrous for weather systems in ways no one can 
predict and opposition led to the Swedish space agency announcing 
that the ‘experiment’ would not be happening as planned in the 
summer of 2021; but it shows where the Cult is going with dimming 
the impact of the Sun and there’s an associated plan to change the 
planet’s atmosphere. Who gives psychopath Gates the right to 
dictate to the entire human race and dismantle planetary systems? 
The world will not be safe while this man is at large. 

The global warming hoax has made the Sun, like the gas of life, 
something to fear when both are essential to good health and human 
survival (more inversion). The body transforms sunlight into vital 
vitamin D through a process involving ... cholesterol. This is the 
cholesterol we are also told to fear. We are urged to take Big Pharma 


statin drugs to reduce cholesterol and it’s all systematic. Reducing 
cholesterol means reducing vitamin D uptake with all the multiple 
health problems that will cause. At least if you take statins long term 
it saves the government from having to pay you a pension. The 
delivery system to block sunlight is widely referred to as chemtrails 
although these have a much deeper agenda, too. They appear at first 
to be contrails or condensation trails streaming from aircraft into 
cold air at high altitudes. Contrails disperse very quickly while 
chemtrails do not and spread out across the sky before eventually 
their content falls to earth. Many times I have watched aircraft cross- 
cross a clear blue sky releasing chemtrails until it looks like a cloudy 
day. Chemtrails contain many things harmful to humans and the 
natural world including toxic heavy metals, aluminium (see 
Alzheimer’s) and nanotechnology. Ray Kurzweil reveals the reason 
without actually saying so: ‘Nanobots will infuse all the matter 
around us with information. Rocks, trees, everything will become 
these intelligent creatures.’ How do you deliver that? From the sky. 
Self-replicating nanobots would connect everything to the Smart 
Grid. The phenomenon of Morgellons disease began in the chemtrail 
era and the correlation has led to it being dubbed the ‘chemtrail 
disease’. Self-replicating fibres appear in the body that can be pulled 
out through the skin. Morgellons fibres continue to grow outside the 
body and have a form of artificial intelligence. I cover this at greater 
length in Phantom Self. 


Vaccine’ operating system 

‘Covid vaccines’ with their self-replicating synthetic material are also 
designed to make the connection between humanity and Kurzweil’s 
‘cloud’. American doctor and dedicated campaigner for truth, Carrie 
Madej, an Internal Medicine Specialist in Georgia with more than 20 
years medical experience, has highlighted the nanotechnology aspect 
of the fake ‘vaccines’. She explains how one of the components in at 
least the Moderna and Pfizer synthetic potions are ‘lipid 
nanoparticles’ which are ‘like little tiny computer bits’ — a ‘sci-fi 
substance’ known as nanobots and hydrogel which can be ‘triggered 


at any moment to deliver its payload’ and act as ‘biosensors’. The 
synthetic substance had ‘the ability to accumulate data from your 
body like your breathing, your respiration, thoughts and emotions, 
all kind of things’ and each syringe could carry a million nanobots: 


This substance because it’s like little bits of computers in your body, crazy, but it’s true, it can 
do that, [and] obviously has the ability to act through Wi-Fi. It can receive and transmit 
energy, messages, frequencies or impulses. That issue has never been addressed by these 
companies. What does that do to the human? 


Just imagine getting this substance in you and it can react to things all around you, the 5G, 
your smart device, your phones, what is happening with that? What if something is triggering 
it, too, like an impulse, a frequency? We have something completely foreign in the human 
body. 


Madej said her research revealed that electromagnetic (EMF) 
frequencies emitted by phones and other devices had increased 
dramatically in the same period of the ‘vaccine’ rollout and she was 
seeing more people with radiation problems as 5G and other 
electromagnetic technology was expanded and introduced to schools 
and hospitals. She said she was “floored with the EMF coming off’ 
the devices she checked. All this makes total sense and syncs with 
my own work of decades when you think that Moderna refers in 
documents to its mRNA ‘vaccine’ as an ‘operating system’: 


Recognizing the broad potential of mRNA science, we set out to create an MRNA technology 
platform that functions very much like an operating system on a computer. It is designed so 
that it can plug and play interchangeably with different programs. In our case, the ‘program’ 
or ‘app’ is our MRNA drug — the unique MRNA sequence that codes for a protein ... 


... Our MRNA Medicines — ‘The ‘Software Of Life’: When we have a concept for a new 
mRNA medicine and begin research, fundamental components are already in place. 
Generally, the only thing that changes from one potential MRNA medicine to another is the 
coding region — the actual genetic code that instructs ribosomes to make protein. Utilizing 
these instruction sets gives our investigational MRNA medicines a software-like quality. We 
also have the ability to combine different mRNA sequences encoding for different proteins in 
a single MRNA investigational medicine. 


Who needs a real ‘virus’ when you can create a computer version to 
justify infusing your operating system into the entire human race on 
the road to making living, breathing people into cyborgs? What is 
missed with the ‘vaccines’ is the digital connection between synthetic 
material and the body that I highlighted earlier with the study that 
hacked a computer with human DNA. On one level the body is 
digital, based on mathematical codes, and I’ll have more about that 
in the next chapter. Those who ridiculously claim that mRNA 
‘vaccines’ are not designed to change human genetics should explain 
the words of Dr Tal Zaks, chief medical officer at Moderna, in a 2017 
TED talk. He said that over the last 30 years ‘we’ve been living this 
phenomenal digital scientific revolution, and I’m here today to tell 
you, that we are actually hacking the software of life, and that it’s 
changing the way we think about prevention and treatment of 
disease’: 


In every cell there’s this thing called messenger RNA, or MRNA for short, that transmits the 
critical information from the DNA in our genes to the protein, which is really the stuff we’re 
all made out of. This is the critical information that determines what the cell will do. So we 
think about it as an operating system. So if you could change that, if you could introduce a 
line of code, or change a line of code, it turns out, that has profound implications for 
everything, from the flu to cancer. 


Zaks should more accurately have said that this has profound 
implications for the human genetic code and the nature of DNA. 
Communications within the body go both ways and not only one. 
But, hey, no, the ‘Covid vaccine’ will not affect your genetics. Cult 
fact-checkers say so even though the man who helped to develop the 
mRNA technique says that it does. Zaks said in 2017: 


If you think about what it is we’re trying to do. We’ve taken information and our 
understanding of that information and how that information is transmitted in a cell, and we’ve 
taken our understanding of medicine and how to make drugs, and we’re fusing the two. We 
think of it as information therapy. 


I have been writing for decades that the body is an information 
field communicating with itself and the wider world. This is why 


radiation which is information can change the information field of 
body and mind through phenomena like 5G and change their nature 
and function. ‘Information therapy’ means to change the body’s 
information field and change the way it operates. DNA is a receiver- 
transmitter of information and can be mutated by information like 
mRNA synthetic messaging. Technology to do this has been ready 
and waiting in the underground bases and other secret projects to be 
rolled out when the ‘Covid’ hoax was played. ‘Trials’ of such short 
and irrelevant duration were only for public consumption. When 
they say the ‘vaccine’ is ‘experimental’ that is not true. It may appear 
to be ‘experimental’ to those who don’t know what's going on, but 
the trials have already been done to ensure the Cult gets the result it 
desires. Zaks said that it took decades to sequence the human 
genome, completed in 2003, but now they could do it in a week. By 
‘they’ he means scientists operating in the public domain. In the 
secret projects they were sequencing the genome in a week long 
before even 2003. 


Deluge of mRNA 

Highly significantly the Moderna document says the guiding 
premise is that if using mRNA as a medicine works for one disease 
then it should work for many diseases. They were leveraging the 
flexibility afforded by their platform and the fundamental role 
mRNA plays in protein synthesis to pursue mRNA medicines for a 
broad spectrum of diseases. Moderna is confirming what I was 
saying through 2020 that multiple ‘vaccines’ were planned for 
‘Covid’ (and later invented ‘variants’) and that previous vaccines 
would be converted to the mRNA system to infuse the body with 
massive amounts of genetically-manipulating synthetic material to 
secure a transformation to a synthetic-biological state. The ‘vaccines’ 
are designed to kill stunning numbers as part of the long-exposed 
Cult depopulation agenda and transform the rest. Given this is the 
goal you can appreciate why there is such hysterical demand for 
every human to be ‘vaccinated’ for an alleged ‘disease’ that has an 
estimated ‘infection’ to ‘death’ ratio of 0.23-0.15 percent. As I write 


children are being given the ‘vaccine’ in trials (their parents are a 
disgrace) and ever-younger people are being offered the vaccine for 
a ‘virus’ that even if you believe it exists has virtually zero chance of 
harming them. Horrific effects of the ‘trials’ on a 12-year-old girl 
were revealed by a family member to be serious brain and gastric 
problems that included a bowel obstruction and the inability to 
swallow liquids or solids. She was unable to eat or drink without 
throwing up, had extreme pain in her back, neck and abdomen, and 
was paralysed from the waist down which stopped her urinating 
unaided. When the girl was first taken to hospital doctors said it was 
all in her mind. She was signed up for the ‘trial’ by her parents for 
whom no words suffice. None of this ‘Covid vaccine’ insanity makes 
any sense unless you see what the ‘vaccine’ really is — a body- 
changer. Synthetic biology or ‘SynBio’ is a fast-emerging and 
expanding scientific discipline which includes everything from 
genetic and molecular engineering to electrical and computer 
engineering. Synthetic biology is defined in these ways: 


e A multidisciplinary area of research that seeks to create new 
biological parts, devices, and systems, or to redesign systems that 
are already found in nature. 


e The use of a mixture of physical engineering and genetic 
engineering to create new (and therefore synthetic) life forms. 


e Anemerging field of research that aims to combine the 
knowledge and methods of biology, engineering and related 
disciplines in the design of chemically-synthesized DNA to create 
organisms with novel or enhanced characteristics and traits 
(synthetic organisms including humans). 


We now have synthetic blood, skin, organs and limbs being 
developed along with synthetic body parts produced by 3D printers. 
These are all elements of the synthetic human programme and this 
comment by Kurzweil’s co-founder of the Singularity University, 


Peter Diamandis, can be seen in a whole new light with the ‘Covid’ 
hoax and the sanctions against those that refuse the ‘vaccine’: 


Anybody who is going to be resisting the progress forward [to transhumanism] is going to be 
resisting evolution and, fundamentally, they will die out. It’s not a matter of whether it’s good 
or bad. It’s going to happen. 


‘Resisting evolution’? What absolute bollocks. The arrogance of these 
people is without limit. His ‘it’s going to happen’ mantra is another 
way of saying ‘resistance is futile’ to break the spirit of those pushing 
back and we must not fall for it. Getting this genetically- 
transforming ‘vaccine’ into everyone is crucial to the Cult plan for 
total control and the desperation to achieve that is clear for anyone 
to see. Vaccine passports are a major factor in this and they, too, are a 
form of resistance is futile. It’s NOT. The paper funded by the 
Rockefeller Foundation for the 2013 ‘health conference’ in China 
said: 


We will interact more with artificial intelligence. The use of robotics, bio-engineering to 
augment human functioning is already well underway and will advance. Re-engineering of 
humans into potentially separate and unequal forms through genetic engineering or mixed 
human-robots raises debates on ethics and equality. 


A new demography is projected to emerge after 2030 [that year again] of technologies 
(robotics, genetic engineering, nanotechnology) producing robots, engineered organisms, 
‘nanobots’ and artificial intelligence (Al) that can self-replicate. Debates will grow on the 
implications of an impending reality of human designed life. 


What is happening today is so long planned. The world army 
enforcing the will of the world government is intended to be a robot 
army, not a human one. Today’s military and its technologically 
‘enhanced’ troops, pilotless planes and driverless vehicles are just 
stepping stones to that end. Human soldiers are used as Cult fodder 
and its time they woke up to that and worked for the freedom of the 
population instead of their own destruction and their family’s 
destruction — the same with the police. Join us and let’s sort this out. 
The phenomenon of enforce my own destruction is widespread in 
the ‘Covid’ era with Woker ‘luvvies’ in the acting and entertainment 


industries supporting ‘Covid’ rules which have destroyed their 
profession and the same with those among the public who put signs 
on the doors of their businesses ‘closed due to Covid — stay safe’ 
when many will never reopen. It’s a form of masochism and most 
certainly insanity. 


Transgender = transhumanism 

When something explodes out of nowhere and is suddenly 
everywhere it is always the Cult agenda and so it is with the tidal 
wave of claims and demands that have infiltrated every aspect of 
society under the heading of ‘transgenderism’. The term ‘trans’ is so 
‘in’ and this is the dictionary definition: 


A prefix meaning ‘across’, ‘through’, occurring ... in loanwords from Latin, used in particular 
for denoting movement or conveyance from place to place (transfer; transmit; transplant) or 
complete change (transform; transmute), or to form adjectives meaning ‘crossing’, ‘on the 
other side of’, or ‘going beyond’ the place named (transmontane; transnational; trans- 
Siberian). 


Transgender means to go beyond gender and transhuman means 
to go beyond human. Both are aspects of the Cult plan to transform 
the human body to a synthetic state with no gender. Human 2.0 is not 
designed to procreate and would be produced technologically with 
no need for parents. The new human would mean the end of parents 
and so men, and increasingly women, are being targeted for the 
deletion of their rights and status. Parental rights are disappearing at 
an ever-quickening speed for the same reason. The new human 
would have no need for men or women when there is no procreation 
and no gender. Perhaps the transgender movement that appears to 
be in a permanent state of frenzy might now contemplate on how it 
is being used. This was never about transgender rights which are 
only the interim excuse for confusing gender, particularly in the 
young, on the road to fusing gender. Transgender activism is not an 
end; it is a means to an end. We see again the technique of creative 
destruction in which you destroy the status quo to “build back better’ 
in the form that you want. The gender status quo had to be 


destroyed by persuading the Cult-created Woke mentality to believe 
that you can have 100 genders or more. A programme for 9 to 12 
year olds produced by the Cult-owned BBC promoted the 100 
genders narrative. The very idea may be the most monumental 
nonsense, but it is not what is true that counts, only what you can 
make people believe is true. Once the gender of 2 + 2 = 4 has been 
dismantled through indoctrination, intimidation and 2 + 2 =5 then 
the new no-gender normal can take its place with Human 2.0. 
Aldous Huxley revealed the plan in his prophetic Brave New World in 
1932: 


Natural reproduction has been done away with and children are created, decanted’, and 
raised in ‘hatcheries and conditioning centres’. From birth, people are genetically designed to 
fit into one of five castes, which are further split into ‘Plus’ and ‘Minus’ members and designed 
to fulfil predetermined positions within the social and economic strata of the World State. 


How could Huxley know this in 1932? For the same reason George 
Orwell knew about the Big Brother state in 1948, Cult insiders I have 
quoted knew about it in 1969, and I have known about it since the 
early 1990s. If you are connected to the Cult or you work your balls 
off to uncover the plan you can predict the future. The process is 
simple. If there is a plan for the world and nothing intervenes to stop 
it then it will happen. Thus if you communicate the plan ahead of 
time you are perceived to have predicted the future, but you haven't. 
You have revealed the plan which without intervention will become 
the human future. The whole reason I have done what I have is to 
alert enough people to inspire an intervention and maybe at last that 
time has come with the Cult and its intentions now so obvious to 
anyone with a brain in working order. 


The future is here 

Technological wombs that Huxley described to replace parent 
procreation are already being developed and they are only the 
projects we know about in the public arena. Israeli scientists told The 
Times of Israel in March, 2021, that they have grown 250-cell embryos 


into mouse foetuses with fully formed organs using artificial wombs 
in a development they say could pave the way for gestating humans 
outside the womb. Professor Jacob Hanna of the Weizmann Institute 
of Science said: 


We took mouse embryos from the mother at day five of development, when they are just of 
250 cells, and had them in the incubator from day five until day 11, by which point they had 
grown all their organs. 


By day 11 they make their own blood and have a beating heart, a fully developed brain. 
Anybody would look at them and say, ‘this is clearly a mouse foetus with all the 
characteristics of a mouse.’ It’s gone from being a ball of cells to being an advanced foetus. 


A special liquid is used to nourish embryo cells in a laboratory 
dish and they float on the liquid to duplicate the first stage of 
embryonic development. The incubator creates all the right 
conditions for its development, Hanna said. The liquid gives the 
embryo ‘all the nutrients, hormones and sugars they need’ along 
with a custom-made electronic incubator which controls gas 
concentration, pressure and temperature. The cutting-edge in the 
underground bases and other secret locations will be light years 
ahead of that, however, and this was reported by the London 
Guardian in 2017: 


We are approaching a biotechnological breakthrough. Ectogenesis, the invention of a 
complete external womb, could completely change the nature of human reproduction. In 
April this year, researchers at the Children’s Hospital of Philadelphia announced their 
development of an artificial womb. 


The article was headed ‘Artificial wombs could soon be a reality. 
What will this mean for women?’ What would it mean for children is 
an even bigger question. No mother to bond with only a machine in 
preparation for a life of soulless interaction and control in a world 
governed by machines (see the Matrix movies). Now observe the 
calculated manipulations of the ‘Covid’ hoax as human interaction 
and warmth has been curtailed by distancing, isolation and fear with 
people communicating via machines on a scale never seen before. 


These are all dots in the same picture as are all the personal 
assistants, gadgets and children’s toys through which kids and 
adults communicate with AI as if it is human. The AI ‘voice’ on Sat- 
Nav should be included. All these things are psychological 
preparation for the Cult endgame. Before you can make a physical 
connection with AI you have to make a psychological connection 
and that is what people are being conditioned to do with this ever 
gathering human-Al interaction. Movies and TV programmes 
depicting the transhuman, robot dystopia relate to a phenomenon 
known as ‘pre-emptive programming’ in which the world that is 
planned is portrayed everywhere in movies, TV and advertising. 
This is conditioning the conscious and subconscious mind to become 
familiar with the planned reality to dilute resistance when it 
happens for real. What would have been a shock such is the change 
is made less so. We have young children put on the road to 
transgender transition surgery with puberty blocking drugs at an 
age when they could never be able to make those life-changing 
decisions. 

Rachel Levine, a professor of paediatrics and psychiatry who 
believes in treating children this way, became America’s highest- 
ranked openly-transgender official when she was confirmed as US 
Assistant Secretary at the Department of Health and Human 
Services after being nominated by Joe Biden (the Cult). Activists and 
governments press for laws to deny parents a say in their children’s 
transition process so the kids can be isolated and manipulated into 
agreeing to irreversible medical procedures. A Canadian father 
Robert Hoogland was denied bail by the Vancouver Supreme Court 
in 2021 and remained in jail for breaching a court order that he stay 
silent over his young teenage daughter, a minor, who was being 
offered life-changing hormone therapy without parental consent. At 
the age of 12 the girl’s ‘school counsellor’ said she may be 
transgender, referred her to a doctor and told the school to treat her 
like a boy. This is another example of state-serving schools imposing 
ever more control over children’s lives while parents have ever less. 


Contemptible and extreme child abuse is happening all over the 
world as the Cult gender-fusion operation goes into warp-speed. 


Why the war on men — and now women? 

The question about what artificial wombs mean for women should 
rightly be asked. The answer can be seen in the deletion of women’s 
rights involving sport, changing rooms, toilets and status in favour 
of people in male bodies claiming to identify as women. I can 
identify as a mountain climber, but it doesn’t mean I can climb a 
mountain any more than a biological man can be a biological 
woman. To believe so is a triumph of belief over factual reality which 
is the very perceptual basis of everything Woke. Women’s sport is 
being destroyed by allowing those with male bodies who say they 
identify as female to ‘compete’ with girls and women. Male body 
‘women’ dominate ‘women’s’ competition with their greater muscle 
mass, bone density, strength and speed. With that disadvantage 
sport for women loses all meaning. To put this in perspective nearly 
300 American high school boys can run faster than the quickest 
woman sprinter in the world. Women are seeing their previously 
protected spaces invaded by male bodies simply because they claim 
to identify as women. That's all they need to do to access all women’s 
spaces and activities under the Biden ‘Equality Act’ that destroys 
equality for women with the usual Orwellian Woke inversion. Male 
sex offenders have already committed rapes in women’s prisons after 
claiming to identify as women to get them transferred. Does this not 
matter to the Woke ‘equality’ hypocrites? Not in the least. What 
matters to Cult manipulators and funders behind transgender 
activists is to advance gender fusion on the way to the no-gender 
‘human’. When you are seeking to impose transparent nonsense like 
this, or the ‘Covid’ hoax, the only way the nonsense can prevail is 
through censorship and intimidation of dissenters, deletion of 
factual information, and programming of the unquestioning, 
bewildered and naive. You don’t have to scan the world for long to 
see that all these things are happening. 


Many women’s rights organisations have realised that rights and 
status which took such a long time to secure are being eroded and 
that it is systematic. Kara Dansky of the global Women’s Human 
Rights Campaign said that Biden’s transgender executive order 
immediately he took office, subsequent orders, and Equality Act 
legislation that followed “seek to erase women and girls in the law as 
a category’. Exactly. I said during the long ago-started war on men 
(in which many women play a crucial part) that this was going to 
turn into a war on them. The Cult is phasing out both male and 
female genders. To get away with that they are brought into conflict 
so they are busy fighting each other while the Cult completes the job 
with no unity of response. Unity, people, unity. We need unity 
everywhere. Transgender is the only show in town as the big step 
towards the no-gender human. It’s not about rights for transgender 
people and never has been. Woke political correctness is deleting 
words relating to genders to the same end. Wokers believe this is to 
be ‘inclusive’ when the opposite is true. They are deleting words 
describing gender because gender itself is being deleted by Human 
2.0. Terms like ‘man’, ‘woman’, ‘mother’ and ‘father’ are being 
deleted in the universities and other institutions to be replaced by 
the no-gender, not trans-gender, ‘individuals’ and ‘guardians’. 
Women’s rights campaigner Maria Keffler of Partners for Ethical 
Care said: “Children are being taught from kindergarten upward that 
some boys have a vagina, some girls have a penis, and that kids can 
be any gender they want to be.’ Do we really believe that suddenly 
countries all over the world at the same time had the idea of having 
drag queens go into schools or read transgender stories to very 
young children in the local library? It’s coldly-calculated confusion 
of gender on the way to the fusion of gender. Suzanne Vierling, a 
psychologist from Southern California, made another important 
point: 


Yesterday’s slave woman who endured gynecological medical experiments is today’s girl- 
child being butchered in a booming gender-transitioning sector. Ovaries removed, pushing her 
into menopause and osteoporosis, uncharted territory, and parents’ rights and authority 
decimated. 


The erosion of parental rights is a common theme in line with the 
Cult plans to erase the very concept of parents and ‘ovaries removed, 
pushing her into menopause’ means what? Those born female lose 
the ability to have children — another way to discontinue humanity 
as we know it. 


Eliminating Human 1.0 (before our very eyes) 

To pave the way for Human 2.0 you must phase out Human 1.0. This 
is happening through plummeting sperm counts and making 
women infertile through an onslaught of chemicals, radiation 
(including smartphones in pockets of men) and mRNA ‘vaccines’. 
Common agriculture pesticides are also having a devastating impact 
on human fertility. I have been tracking collapsing sperm counts in 
the books for a long time and in 2021 came a book by fertility 
scientist and reproductive epidemiologist Shanna Swan, Count 
Down: How Our Modern World Is Threatening Sperm Counts, Altering 
Male and Female Reproductive Development and Imperiling the Future of 
the Human Race. She reports how the global fertility rate dropped by 
half between 1960 and 2016 with America’s birth rate 16 percent 
below where it needs to be to sustain the population. Women are 
experiencing declining egg quality, more miscarriages, and more 
couples suffer from infertility. Other findings were an increase in 
erectile dysfunction, infant boys developing more genital 
abnormalities, male problems with conception, and plunging levels 
of the male hormone testosterone which would explain why so 
many men have lost their backbone and masculinity. This has been 
very evident during the ‘Covid’ hoax when women have been 
prominent among the Pushbackers and big strapping blokes have 
bowed their heads, covered their faces with a nappy and quietly 
submitted. Mind control expert Cathy O’Brien also points to how 
global education introduced the concept of ‘we’re all winners’ in 
sport and classrooms: ‘Competition was defused, and it in turn 
defused a sense of fighting back.’ This is another version of the 
‘equity’ doctrine in which you drive down rather than raise up. 
What a contrast in Cult-controlled China with its global ambitions 


where the government published plans in January, 2021, to ‘cultivate 
masculinity’ in boys from kindergarten through to high school in the 
face of a ‘masculinity crisis’. A government adviser said boys would 
be soon become ‘delicate, timid and effeminate’ unless action was 
taken. Don’t expect any similar policy in the targeted West. A 2006 
study showed that a 65-year-old man in 2002 had testosterone levels 
15 percent lower than a 65-year-old man in 1987 while a 2020 study 
found a similar story with young adults and adolescents. Men are 
getting prescriptions for testosterone replacement therapy which 
causes an even greater drop in sperm count with up to 99 percent 
seeing sperm counts drop to zero during the treatment. More sperm 
is defective and malfunctioning with some having two heads or not 
pursuing an egg. 

A class of synthetic chemicals known as phthalates are being 
blamed for the decline. These are found everywhere in plastics, 
shampoos, cosmetics, furniture, flame retardants, personal care 
products, pesticides, canned foods and even receipts. Why till 
receipts? Everyone touches them. Let no one delude themselves that 
all this is not systematic to advance the long-time agenda for human 
body transformation. Phthalates mimic hormones and disrupt the 
hormone balance causing testosterone to fall and genital birth 
defects in male infants. Animals and fish have been affected in the 
same way due to phthalates and other toxins in rivers. When fish 
turn gay or change sex through chemicals in rivers and streams it is 
a pointer to why there has been such an increase in gay people and 
the sexually confused. It doesn’t matter to me what sexuality people 
choose to be, but if it’s being affected by chemical pollution and 
consumption then we need to know. Does anyone really think that 
this is not connected to the transgender agenda, the war on men and 
the condemnation of male ‘toxic masculinity’? You watch this being 
followed by ‘toxic femininity’. It’s already happening. When 
breastfeeding becomes ‘chest-feeding’, pregnant women become 
pregnant people along with all the other Woke claptrap you know 
that the world is going insane and there’s a Cult scam in progress. 
Transgender activists are promoting the Cult agenda while Cult 


billionaires support and fund the insanity as they laugh themselves 
to sleep at the sheer stupidity for which humans must be infamous 
in galaxies far, far away. 


‘Covid vaccines’ and female infertility 

We can now see why the ‘vaccine’ has been connected to potential 
infertility in women. Dr Michael Yeadon, former Vice President and 
Chief Scientific Advisor at Pfizer, and Dr Wolfgang Wodarg in 
Germany, filed a petition with the European Medicines Agency in 
December, 2020, urging them to stop trials for the Pfizer/BioNTech 
shot and all other mRNA trials until further studies had been done. 
They were particularly concerned about possible effects on fertility 
with ‘vaccine’-produced antibodies attacking the protein Syncytin-1 
which is responsible for developing the placenta. The result would 
be infertility ‘of indefinite duration’ in women who have the 
‘vaccine’ with the placenta failing to form. Section 10.4.2 of the 
Pfizer/BioNTech trial protocol says that pregnant women or those 
who might become so should not have mRNA shots. Section 10.4 
warns men taking mRNA shots to ‘be abstinent from heterosexual 
intercourse’ and not to donate sperm. The UK government said that 
it did not know if the mRNA procedure had an effect on fertility. Did 
not know? These people have to go to jail. UK government advice did 
not recommend at the start that pregnant women had the shot and 
said they should avoid pregnancy for at least two months after 
‘vaccination’. The ‘advice’ was later updated to pregnant women 
should only have the ‘vaccine’ if the benefits outweighed the risks to 
mother and foetus. What the hell is that supposed to mean? Then 
‘spontaneous abortions’ began to appear and rapidly increase on the 
adverse reaction reporting schemes which include only a fraction of 
adverse reactions. Thousands and ever-growing numbers of 
‘vaccinated’ women are describing changes to their menstrual cycle 
with heavier blood flow, irregular periods and menstruating again 
after going through the menopause — all links to reproduction 
effects. Women are passing blood clots and the lining of their uterus 
while men report erectile dysfunction and blood effects. Most 


significantly of all unvaccinated women began to report similar 
menstrual changes after interaction with ‘vaccinated’ people and men 
and children were also affected with bleeding noses, blood clots and 
other conditions. ‘Shedding’ is when vaccinated people can emit the 
content of a vaccine to affect the unvaccinated, but this is different. 
‘Vaccinated’ people were not shedding a ‘live virus’ allegedly in 
‘vaccines’ as before because the fake ‘Covid vaccines’ involve 
synthetic material and other toxicity. Doctors exposing what is 
happening prefer the term ‘transmission’ to shedding. Somehow 
those that have had the shots are transmitting effects to those that 
haven't. Dr Carrie Madej said the nano-content of the ‘vaccines’ can 
‘act like an antenna’ to others around them which fits perfectly with 
my own conclusions. This ‘vaccine’ transmission phenomenon was 
becoming known as the book went into production and I deal with 
this further in the Postscript. 


Vaccine effects on sterility are well known. The World Health 
Organization was accused in 2014 of sterilising millions of women in 
Kenya with the evidence confirmed by the content of the vaccines 
involved. The same WHO behind the ‘Covid’ hoax admitted its 
involvement for more than ten years with the vaccine programme. 
Other countries made similar claims. Charges were lodged by 
Tanzania, Nicaragua, Mexico, and the Philippines. The Gardasil 
vaccine claimed to protect against a genital ‘virus’ known as HPV 
has also been linked to infertility. Big Pharma and the WHO (same 
thing) are criminal and satanic entities. Then there’s the Bill Gates 
Foundation which is connected through funding and shared 
interests with 20 pharmaceutical giants and laboratories. He stands 
accused of directing the policy of United Nations Children’s Fund 
(UNICEF), vaccine alliance GAVI, and other groupings, to advance 
the vaccine agenda and silence opposition at great cost to women 
and children. At the same time Gates wants to reduce the global 
population. Coincidence? 


Great Reset = Smart Grid = new human 


The Cult agenda I have been exposing for 30 years is now being 
openly promoted by Cult assets like Gates and Klaus Schwab of the 
World Economic Forum under code-terms like the ‘Great Reset’, 
‘Build Back Better’ and ‘a rare but narrow window of opportunity to 
reflect, reimagine, and reset our world’. What provided this ‘rare but 
narrow window of opportunity’? The ‘Covid’ hoax did. Who created 
that? They did. My books from not that long ago warned about the 
planned ‘Internet of Things’ (loT) and its implications for human 
freedom. This was the plan to connect all technology to the Internet 
and artificial intelligence and today we are way down that road with 
an estimated 36 billion devices connected to the World Wide Web 
and that figure is projected to be 76 billion by 2025. I further warned 
that the Cult planned to go beyond that to the Internet of Everything 
when the human brain was connected via AI to the Internet and 
Kurzweil’s ‘cloud’. Now we have Cult operatives like Schwab calling 
for precisely that under the term ‘Internet of Bodies’, a fusion of the 
physical, digital and biological into one centrally-controlled Smart 
Grid system which the Cult refers to as the ‘Fourth Industrial 
Revolution’. They talk about the ‘biological’, but they really mean 
the synthetic-biological which is required to fully integrate the 
human body and brain into the Smart Grid and artificial intelligence 
planned to replace the human mind. We have everything being 
synthetically manipulated including the natural world through 
GMO and smart dust, the food we eat and the human body itself 
with synthetic ‘vaccines’. I said in The Answer that we would see the 
Cult push for synthetic meat to replace animals and in February, 
2021, the so predictable psychopath Bill Gates called for the 
introduction of synthetic meat to save us all from ‘climate change’. 
The climate hoax just keeps on giving like the ‘Covid’ hoax. The war 
on meat by vegan activists is a carbon (oops, sorry) copy of the 
manipulation of transgender activists. They have no idea (except 
their inner core) that they are being used to promote and impose the 
agenda of the Cult or that they are only the vehicle and not the reason. 
This is not to say those who choose not to eat meat shouldn’t be 
respected and supported in that right, but there are ulterior motives 


for those in power. A Forbes article in December, 2019, highlighted 
the plan so beloved of Schwab and the Cult under the heading: 
‘What Is The Internet of Bodies? And How Is It Changing Our 
World?’ The article said the human body is the latest data platform 
(remember ‘our vaccine is an operating system’). Forbes described 
the plan very accurately and the words could have come straight out 
of my books from long before: 


The Internet of Bodies (loB) is an extension of the loT and basically connects the human body 
to a network through devices that are ingested, implanted, or connected to the body in some 
way. Once connected, data can be exchanged, and the body and device can be remotely 
monitored and controlled. 


They were really describing a human hive mind with human 
perception centrally-dictated via an AI connection as well as 
allowing people to be ‘remotely monitored and controlled’. 
Everything from a fridge to a human mind could be directed from a 
central point by these insane psychopaths and ‘Covid vaccines’ are 
crucial to this. Forbes explained the process I mentioned earlier of 
holdable and wearable technology followed by implantable. The 
article said there were three generations of the Internet of Bodies that 
include: 


¢ Body external: These are wearable devices such as Apple Watches 
or Fitbits that can monitor our health. 


¢ Body internal: These include pacemakers, cochlear implants, and 
digital pills that go inside our bodies to monitor or control various 
aspects of health. 


¢ Body embedded: The third generation of the Internet of Bodies is 
embedded technology where technology and the human body are 
melded together and have a real-time connection to a remote 
machine. 


Forbes noted the development of the Brain Computer Interface (BCI) 
which merges the brain with an external device for monitoring and 
controlling in real-time. ‘The ultimate goal is to help restore function 
to individuals with disabilities by using brain signals rather than 
conventional neuromuscular pathways.’ Oh, do fuck off. The goal of 
brain interface technology is controlling human thought and 
emotion from the central point in a hive mind serving its masters 
wishes. Many people are now agreeing to be chipped to open doors 
without a key. You can recognise them because they’ll be wearing a 
mask, social distancing and lining up for the ‘vaccine’. The Cult 
plans a Great Reset money system after they have completed the 
demolition of the global economy in which ‘money’ will be 
exchanged through communication with body operating systems. 
Rand Corporation, a Cult-owned think tank, said of the Internet of 
Bodies or IoB: 


Internet of Bodies technologies fall under the broader loT umbrella. But as the name suggests, 
loB devices introduce an even more intimate interplay between humans and gadgets. loB 
devices monitor the human body, collect health metrics and other personal information, and 
transmit those data over the Internet. Many devices, such as fitness trackers, are already in use 
... loB devices ... and those in development can track, record, and store users’ whereabouts, 
bodily functions, and what they see, hear, and even think. 


Schwab’s World Economic Forum, a long-winded way of saying 
‘fascism’ or ‘the Cult’, has gone full-on with the Internet of Bodies in 
the ‘Covid’ era. ‘We’re entering the era of the Internet of Bodies’, it 
declared, ‘collecting our physical data via a range of devices that can 
be implanted, swallowed or worn’. The result would be a huge 
amount of health-related data that could improve human wellbeing 
around the world, and prove crucial in fighting the “‘Covid-19 
pandemic’. Does anyone think these clowns care about ‘human 
wellbeing’ after the death and devastation their pandemic hoax has 
purposely caused? Schwab and co say we should move forward with 
the Internet of Bodies because ‘Keeping track of symptoms could 
help us stop the spread of infection, and quickly detect new cases’. 
How wonderful, but keeping track’ is all they are really bothered 


about. Researchers were investigating if data gathered from 
smartwatches and similar devices could be used as viral infection 
alerts by tracking the user’s heart rate and breathing. Schwab said in 
his 2018 book Shaping the Future of the Fourth Industrial Revolution: 


The lines between technologies and beings are becoming blurred and not just by the ability to 
create lifelike robots or synthetics. Instead it is about the ability of new technologies to literally 
become part of us. Technologies already influence how we understand ourselves, how we 
think about each other, and how we determine our realities. As the technologies ... give us 
deeper access to parts of ourselves, we may begin to integrate digital technologies into our 
bodies. 


You can see what the game is. Twenty-four hour control and people 
— if you could still call them that — would never know when 
something would go ping and take them out of circulation. It’s the 
most obvious rush to a global fascist dictatorship and the complete 
submission of humanity and yet still so many are locked away in 
their Cult-induced perceptual coma and can’t see it. 


Smart Grid control centres 

The human body is being transformed by the ‘vaccines’ and in other 
ways into a synthetic cyborg that can be attached to the global Smart 
Grid which would be controlled from a central point and other sub- 
locations of Grid manipulation. Where are these planned to be? Well, 
China for a start which is one of the Cult’s biggest centres of 
operation. The technological control system and technocratic rule 
was incubated here to be unleashed across the world after the 
‘Covid’ hoax came out of China in 2020. Another Smart Grid location 
that will surprise people new to this is Israel. I have exposed in The 
Trigger how Sabbatian technocrats, intelligence and military 
operatives were behind the horrors of 9/11 and not 19 Arab hijackers’ 
who somehow manifested the ability to pilot big passenger airliners 
when instructors at puddle-jumping flying schools described some 
of them as a joke. The 9/11 attacks were made possible through 
control of civilian and military air computer systems and those of the 
White House, Pentagon and connected agencies. See The Trigger — it 


will blow your mind. The controlling and coordinating force were 
the Sabbatian networks in Israel and the United States which by then 
had infiltrated the entire US government, military and intelligence 
system. The real name of the American Deep State is ‘Sabbatian 
State’. Israel is a tiny country of only nine million people, but it is 
one of the global centres of cyber operations and fast catching Silicon 
Valley in importance to the Cult. Israel is known as the ‘start-up 
nation’ for all the cyber companies spawned there with the 
Sabbatian specialisation of ‘cyber security’ that I mentioned earlier 
which gives those companies access to computer systems of their 
clients in real time through ‘backdoors’ written into the coding when 
security software is downloaded. The Sabbatian centre of cyber 
operations outside Silicon Valley is the Israeli military Cyber 
Intelligence Unit, the biggest infrastructure project in Israel’s history, 
headquartered in the desert-city of Beersheba and involving some 
20,000 ‘cyber soldiers’. Here are located a literal army of Internet 
trolls scanning social media, forums and comment lists for anyone 
challenging the Cult agenda. The UK military has something similar 
with its 77th Brigade and associated operations. The Beersheba 
complex includes research and development centres for other Cult 
operations such as Intel, Microsoft, IBM, Google, Apple, Hewlett- 
Packard, Cisco Systems, Facebook and Motorola. Techcrunch.com 
ran an article about the Beersheba global Internet technology centre 
headlined ‘Israel’s desert city of Beersheba is turning into a cybertech 
oasis’: 


The military’s massive relocation of its prestigious technology units, the presence of 
multinational and local companies, a close proximity to Ben Gurion University and generous 
government subsidies are turning Beersheba into a major global cybertech hub. Beersheba has 
all of the ingredients of a vibrant security technology ecosystem, including Ben Gurion 
University with its graduate program in cybersecurity and Cyber Security Research Center, and 
the presence of companies such as EMC, Deutsche Telekom, PayPal, Oracle, IBM, and 
Lockheed Martin. It’s also the future home of the INCB (Israeli National Cyber Bureau); offers 
a special income tax incentive for cyber security companies, and was the site for the 
relocation of the army’s intelligence corps units. 


Sabbatians have taken over the cyber world through the following 
process: They scan the schools for likely cyber talent and develop 
them at Ben Gurion University and their period of conscription in 
the Israeli Defense Forces when they are stationed at the Beersheba 
complex. When the cyber talented officially leave the army they are 
funded to start cyber companies with technology developed by 
themselves or given to them by the state. Much of this is stolen 
through backdoors of computer systems around the world with 
America top of the list. Others are sent off to Silicon Valley to start 
companies or join the major ones and so we have many major 
positions filled by apparently ‘Jewish’ but really Sabbatian 
operatives. Google, YouTube and Facebook are all run by ‘Jewish’ 
CEOs while Twitter is all but run by ultra-Zionist hedge-fund shark 
Paul Singer. At the centre of the Sabbatian global cyber web is the 
Israeli army’s Unit 8200 which specialises in hacking into computer 
systems of other countries, inserting viruses, gathering information, 
instigating malfunction, and even taking control of them from a 
distance. A long list of Sabbatians involved with 9/11, Silicon Valley 
and Israeli cyber security companies are operatives of Unit 8200. 
This is not about Israel. It’s about the Cult. Israel is planned to be a 
Smart Grid hub as with China and what is happening at Beersheba is 
not for the benefit of Jewish people who are treated disgustingly by 
the Sabbatian elite that control the country. A glance at the 
Nuremberg Codes will tell you that. 

The story is much bigger than ‘Covid’, important as that is to 
where we are being taken. Now, though, it’s time to really strap in. 
There’s more ... much more ... 


CHAPTER ELEVEN 


Awake, arise or be forever fall’n 
John Milton, Paradise Lost 


[rave exposed this far the level of the Cult conspiracy that operates 

in the world of the seen and within the global secret society and 
satanic network which operates in the shadows one step back from 
the seen. The story, however, goes much deeper than that. 

The ‘Covid’ hoax is major part of the Cult agenda, but only part, 
and to grasp the biggest picture we have to expand our attention 
beyond the realm of human sight and into the infinity of possibility 
that we cannot see. It is from here, ultimately, that humanity is being 
manipulated into a state of total control by the force which dictates 
the actions of the Cult. How much of reality can we see? Next to 
damn all is the answer. We may appear to see all there is to see in the 
‘space’ our eyes survey and observe, but little could be further from 
the truth. The human ‘world’ is only a tiny band of frequency that 
the body’s visual and perceptual systems can decode into perception 
of a ‘world’. According to mainstream science the electromagnetic 
spectrum is 0.005 percent of what exists in the Universe (Fig 10). The 
maximum estimate I have seen is 0.5 percent and either way it’s 
miniscule. I say it is far, far, smaller even than 0.005 percent when 
you compare reality we see with the totality of reality that we don't. 
Now get this if you are new to such information: Visible light, the 
only band of frequency that we can see, is a fraction of the 0.005 


percent (Fig 11 overleaf). Take this further and realise that our 
universe is one of infinite universes and that universes are only a 
fragment of overall reality — infinite reality. Then compare that with 
the almost infinitesimal frequency band of visible light or human 
sight. You see that humans are as near blind as it is possible to be 
without actually being so. Artist and filmmaker, Sergio Toporek, 
said: 
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Figure 10: Humans can perceive such a tiny band of visual reality it’s laughable. 
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Figure 11: We can see a smear of the 0.005 percent electromagnetic spectrum, but we still 
know it all. Yep, makes sense. 


Consider that you can see less than 1% of the electromagnetic spectrum and hear less than 
1% of the acoustic spectrum. 90% of the cells in your body carry their own microbial DNA 
and are not ‘you’. The atoms in your body are 99.9999999999999999% empty space and 
none of them are the ones you were born with ... Human beings have 46 chromosomes, two 
less than a potato. 


The existence of the rainbow depends on the conical photoreceptors in your eyes; to animals 
without cones, the rainbow does not exist. So you don’t just look at a rainbow, you create it. 
This is pretty amazing, especially considering that all the beautiful colours you see represent 
less than 1% of the electromagnetic spectrum. 


Suddenly the ‘world’ of humans looks a very different place. Take 
into account, too, that Planet Earth when compared with the 
projected size of this single universe is the equivalent of a billionth of 
a pinhead. Imagine the ratio that would be when compared to 
infinite reality. To think that Christianity once insisted that Earth and 
humanity were the centre of everything. This background is vital if 
we are going to appreciate the nature of ‘human’ and how we can be 
manipulated by an unseen force. To human visual reality virtually 
everything is unseen and yet the prevailing perception within the 
institutions and so much of the public is that if we can’t see it, touch 
it, hear it, taste it and smell it then it cannot exist. Such perception is 
indoctrinated and encouraged by the Cult and its agents because it 
isolates believers in the strictly limited, village-idiot, realm of the five 
senses where perceptions can be firewalled and information 
controlled. Most of those perpetuating the ‘this-world-is-all-there-is’ 
insanity are themselves indoctrinated into believing the same 
delusion. While major players and influencers know that official 
reality is laughable most of those in science, academia and medicine 
really believe the nonsense they peddle and teach succeeding 
generations. Those who challenge the orthodoxy are dismissed as 
nutters and freaks to protect the manufactured illusion from 
exposure. Observe the dynamic of the ‘Covid’ hoax and you will see 
how that takes the same form. The inner-circle psychopaths knows 
it’s a gigantic scam, but almost the entirety of those imposing their 
fascist rules believe that ‘Covid’ is all that they’re told it is. 


Stolen identity 

Ask people who they are and they will give you their name, place of 
birth, location, job, family background and life story. Yet that is not 
who they are — it is what they are experiencing. The difference is 
absolutely crucial. The true ‘I’, the eternal, infinite ‘Tl’, is consciousness, 


a state of being aware. Forget ‘form’. That is a vehicle for a brief 
experience. Consciousness does not come from the brain, but through 
the brain and even that is more symbolic than literal. We are 
awareness, pure awareness, and this is what withdraws from the 
body at what we call ‘death’ to continue our eternal beingness, 
isness, in other realms of reality within the limitlessness of infinity or 
the Biblical ‘many mansions in my father’s house’. Labels of a 
human life, man, woman, transgender, black, white, brown, 
nationality, circumstances and income are not who we are. They are 
what we are — awareness — is experiencing in a brief connection with a 
band of frequency we call ‘human’. The labels are not the self; they 
are, to use the title of one of my books, a Phantom Self. Iam not 
David Icke born in Leicester, England, on April 29th, 1952. Iam the 
consciousness having that experience. The Cult and its non-human 
masters seek to convince us through the institutions of ‘education’, 
science, medicine, media and government that what we are 
experiencing is who we are. It’s so easy to control and direct 
perception locked away in the bewildered illusions of the five senses 
with no expanded radar. Try, by contrast, doing the same with a 
humanity aware of its true self and its true power to consciously 
create its reality and experience. How is it possible to do this? We do 
it all day every day. If you perceive yourself as ‘little me’ with no 
power to impact upon your life and the world then your life 
experience will reflect that. You will hand the power you don’t think 
you have to authority in all its forms which will use it to control your 
experience. This, in turn, will appear to confirm your perception of 
‘little me’ in a self-fulfilling feedback loop. But that is what ‘little me’ 
really is — a perception. We are all ‘big-me’, infinite me, and the Cult 
has to make us forget that if its will is to prevail. We are therefore 
manipulated and pressured into self-identifying with human labels 
and not the consciousness/awareness experiencing those human 
labels. 

The phenomenon of identity politics is a Cult-instigated 
manipulation technique to sub-divide previous labels into even 
smaller ones. A United States university employs this list of letters to 


describe student identity: LGBTTQQFAGPBDSM or lesbian, gay, 
bisexual, transgender, transsexual, queer, questioning, flexual, 
asexual, gender-fuck, polyamorous, bondage/discipline, 
dominance/submission and sadism/masochism. I’m sure other lists 
are even longer by now as people feel the need to self-identity the ‘T’ 
with the minutiae of race and sexual preference. Wokers 
programmed by the Cult for generations believe this is about 
‘inclusivity’ when it’s really the Cult locking them away into smaller 
and smaller versions of Phantom Self while firewalling them from 
the influence of their true self, the infinite, eternal ‘I’. You may notice 
that my philosophy which contends that we are all unique points of 
attention/awareness within the same infinite whole or Oneness is the 
ultimate non-racism. The very sense of Oneness makes the 
judgement of people by their body-type, colour or sexuality utterly 
ridiculous and confirms that racism has no understanding of reality 
(including anti-white racism). Yet despite my perception of life Cult 
agents and fast-asleep Wokers label me racist to discredit my 
information while they are themselves phenomenally racist and 
sexist. All they see is race and sexuality and they judge people as 
good or bad, demons or untouchables, by their race and sexuality. 
All they see is Phantom Self and perceive themselves in terms of 
Phantom Self. They are pawns and puppets of the Cult agenda to 
focus attention and self-identity in the five senses and play those 
identities against each other to divide and rule. Columbia University 
has introduced segregated graduations in another version of social 
distancing designed to drive people apart and teach them that 
different racial and cultural groups have nothing in common with 
each other. The last thing the Cult wants is unity. Again the pump- 
primers of this will be Cult operatives in the knowledge of what they 
are doing, but the rest are just the Phantom Self blind leading the 
Phantom Self blind. We do have something in common - we are all 
the same consciousness having different temporary experiences. 


Yes, what is ‘human’? That is what we are supposed to be, right? I 
mean ‘human’? True, but ‘human’ is the experience not the ‘I’. Break 
it down to basics and ‘human’ is the way that information is 
processed. If we are to experience and interact with this band of 
frequency we call the ‘world’ we must have a vehicle that operates 
within that band of frequency. Our consciousness in its prime form 
cannot do that; it is way beyond the frequency of the human realm. 
My consciousness or awareness could not tap these keys and pick up 
the cup in front of me in the same way that radio station A cannot 
interact with radio station B when they are on different frequencies. 
The human body is the means through which we have that 
interaction. I have long described the body as a biological computer 
which processes information in a way that allows consciousness to 
experience this reality. The body is a receiver, transmitter and 
processor of information in a particular way that we call human. We 
visually perceive only the world of the five senses in a wakened state 
— that is the limit of the body’s visual decoding system. In truth it’s 
not even visual in the way we experience ‘visual reality’ as I will 
come to in a moment. We are ‘human’ because the body processes 
the information sources of human into a reality and behaviour 
system that we perceive as human. Why does an elephant act like an 
elephant and not like a human or a duck? The elephant'’s biological 
computer is a different information field and processes information 
according to that program into a visual and behaviour type we call 
an elephant. The same applies to everything in our reality. These 
body information fields are perpetuated through procreation (like 
making a copy of a software program). The Cult wants to break that 
cycle and intervene technologically to transform the human 
information field into one that will change what we call humanity. If 
it can change the human information field it will change the way 
that field processes information and change humanity both 
‘physically’ and psychologically. Hence the messenger (information) 
RNA ‘vaccines’ and so much more that is targeting human genetics 
by changing the body’s information — messaging — construct through 
food, drink, radiation, toxicity and other means. 


Reality that we experience is nothing like reality as it really is in 
the same way that the reality people experience in virtual reality 
games is not the reality they are really living in. The game is only a 
decoded source of information that appears to be a reality. Our 
world is also an information construct — a simulation (more later). In 
its base form our reality is a wavefield of information much the same 
in theme as Wi-Fi. The five senses decode wavefield information into 
electrical information which they communicate to the brain to 
decode into holographic (illusory ‘physical’) information. Different 
parts of the brain specialise in decoding different senses and the 
information is fused into a reality that appears to be outside of us 
but is really inside the brain and the genetic structure in general (Fig 
12 overleaf). DNA is a receiver-transmitter of information and a vital 
part of this decoding process and the body’s connection to other 
realities. Change DNA and you change the way we decode and 
connect with reality — see ‘Covid vaccines’. Think of computers 
decoding Wi-Fi. You have information encoded in a radiation field 
and the computer decodes that information into a very different 
form on the screen. You can’t see the Wi-Fi until its information is 
made manifest on the screen and the information on the screen is 
inside the computer and not outside. I have just described how we 
decode the ‘human world’. All five senses decode the waveform ‘Wi- 
Fi’ field into electrical signals and the brain (computer) constructs 
reality inside the brain and not outside — “You don’t just look at a 
rainbow, you create it’. Sound is a simple example. We don’t hear 
sound until the brain decodes it. Waveform sound waves are picked 
up by the hearing sense and communicated to the brain in an 
electrical form to be decoded into the sounds that we hear. 
Everything we hear is inside the brain along with everything we see, 
feel, smell and taste. Words and language are waveform fields 
generated by our vocal chords which pass through this process until 
they are decoded by the brain into words that we hear. Different 
languages are different frequency fields or sound waves generated 
by vocal chords. Late British philosopher Alan Watts said: 


Figure 12: The brain receives information from the five senses and constructs from that our 
perceived reality. 


[Without the brain] the world is devoid of light, heat, weight, solidity, motion, space, time or 
any other imaginable feature. All these phenomena are interactions, or transactions, of 
vibrations with a certain arrangement of neurons. 


That’s exactly what they are and scientist Robert Lanza describes in 
his book, Biocentrism, how we decode electromagnetic waves and 
energy into visual and ‘physical’ experience. He uses the example of 
a flame emitting photons, electromagnetic energy, each pulsing 
electrically and magnetically: 


... these ... invisible electromagnetic waves strike a human retina, and if (and only if) the 
waves happen to measure between 400 and 700 nano meters in length from crest to crest, 
then their energy is just right to deliver a stimulus to the 8 million cone-shaped cells in the 
retina. 


Each in turn send an electrical pulse to a neighbour neuron, and on up the line this goes, at 
250 mph, until it reaches the ... occipital lobe of the brain, in the back of the head. There, a 
cascading complex of neurons fire from the incoming stimuli, and we subjectively perceive 
this experience as a yellow brightness occurring in a place we have been conditioned to call 
the ‘external world’. 


You hear what you decode 


If a tree falls or a building collapses they make no noise unless 
someone is there to decode the energetic waves generated by the 
disturbance into what we call sound. Does a falling tree make a 
noise? Only if you hear it — decode it. Everything in our reality is a 
frequency field of information operating within the overall ‘Wi-Fi’ 
field that I call The Field. A vibrational disturbance is generated in 
The Field by the fields of the falling tree or building. These 
disturbance waves are what we decode into the sound of them 
falling. If no one is there to do that then neither will make any noise. 
Reality is created by the observer — decoder — and the perceptions of 
the observer affect the decoding process. For this reason different 
people — different perceptions — will perceive the same reality or 
situation in a different way. What one may perceive as a nightmare 
another will see as an opportunity. The question of why the Cult is 
so focused on controlling human perception now answers itself. All 
experienced reality is the act of decoding and we don’t experience 
Wi-Fi until it is decoded on the computer screen. The sight and 
sound of an Internet video is encoded in the Wi-Fi all around us, but 
we don’t see or hear it until the computer decodes that information. 
Taste, smell and touch are all phenomena of the brain as a result of 
the same process. We don’t taste, smell or feel anything except in the 
brain and there are pain relief techniques that seek to block the 
signal from the site of discomfort to the brain because if the brain 
doesn’t decode that signal we don’t feel pain. Pain is in the brain and 
only appears to be at the point of impact thanks to the feedback loop 
between them. We don’t see anything until electrical information 
from the sight senses is decoded in an area at the back of the brain. If 
that area is damaged we can go blind when our eyes are perfectly 
okay. So why do we go blind if we damage an eye? We damage the 
information processing between the waveform visual information 
and the visual decoding area of the brain. If information doesn’t 
reach the brain in a form it can decode then we can’t see the visual 
reality that it represents. What’s more the brain is decoding only a 
fraction of the information it receives and the rest is absorbed by the 


sub-conscious mind. This explanation is from the science magazine, 
Wonderpedia: 


Every second, 11 million sensations crackle along these [brain] pathways ... The brain is 
confronted with an alarming array of images, sounds and smells which it rigorously filters 
down until it is left with a manageable list of around 40. Thus 40 sensations per second make 
up what we perceive as reality. 


The ‘world’ is not what people are told to believe that is it and the 
inner circles of the Cult know that. 


illusory ‘physical reality 

We can only see a smear of 0.005 percent of the Universe which is 
only one of a vast array of universes — ‘mansions’ — within infinite 
reality. Even then the brain decodes only 40 pieces of information 
(‘sensations’) from a potential 11 million that we receive every 
second. Two points strike you from this immediately: The sheer 
breathtaking stupidity of believing we know anything so rigidly that 
there’s nothing more to know; and the potential for these processes 
to be manipulated by a malevolent force to control the reality of the 
population. One thing I can say for sure with no risk of contradiction 
is that when you can perceive an almost indescribable fraction of 
infinite reality there is always more to know as in tidal waves of it. 
Ancient Greek philosopher Socrates was so right when he said that 
wisdom is to know how little we know. How obviously true that is 
when you think that we are experiencing a physical world of solidity 
that is neither physical nor solid and a world of apartness when 
everything is connected. Cult-controlled ‘science’ dismisses the so- 
called ‘paranormal’ and all phenomena related to that when the 
‘para’-normal is perfectly normal and explains the alleged ‘great 
mysteries’ which dumbfound scientific minds. There is a reason for 
this. A ‘scientific mind’ in terms of the mainstream is a material 
mind, a five-sense mind imprisoned in see it, touch it, hear it, smell it 
and taste it. Phenomena and happenings that can’t be explained that 
way leave the ‘scientific mind’ bewildered and the rule is that if they 


can’t account for why something is happening then it can’t, by 
definition, be happening. I beg to differ. Telepathy is thought waves 
passing through The Field (think wave disturbance again) to be 
decoded by someone able to connect with that wavelength 
(information). For example: You can pick up the thought waves of a 
friend at any distance and at the very least that will bring them to 
mind. A few minutes later the friend calls you. ‘My god’, you say, 
‘that’s incredible — I was just thinking of you.’ Ah, but they were 
thinking of you before they made the call and that’s what you 
decoded. Native peoples not entrapped in five-sense reality do this 
so well it became known as the ‘bush telegraph’. Those known as 
psychics and mediums (genuine ones) are doing the same only 
across dimensions of reality. ‘Mind over matter’ comes from the fact 
that matter and mind are the same. The state of one influences the 
state of the other. Indeed one and the other are illusions. They are 
aspects of the same field. Paranormal phenomena are all explainable 
so why are they still considered ‘mysteries’ or not happening? Once 
you go down this road of understanding you begin to expand 
awareness beyond the five senses and that’s the nightmare for the 
Cult. 


Figure 13: Holograms are not solid, but the best ones appear to be. 


Mirror Beam sSptitter 


Figure 14: How holograms are created by capturing a waveform version of the subject image. 


Holographic ‘solidity 

Our reality is not solid, it is holographic. We are now well aware of 
holograms which are widely used today. Two-dimensional 
information is decoded into a three-dimensional reality that is not 
solid although can very much appear to be (Fig 13). Holograms are 
created with a laser divided into two parts. One goes directly onto a 
holographic photographic print (‘reference beam’) and the other 
takes a waveform image of the subject (‘working beam’) before being 
directed onto the print where it ‘collides’ with the other half of the 
laser (Fig 14). This creates a waveform interference pattern which 
contains the wavefield information of whatever is being 
photographed (Fig 15 overleaf). The process can be likened to 
dropping pebbles in a pond. Waves generated by each one spread 
out across the water to collide with the others and create a wave 
representation of where the stones fell and at what speed, weight 
and distance. A waveform interference pattern of a hologram is akin 
to the waveform information in The Field which the five senses 
decode into electrical signals to be decoded by the brain into a 
holographic illusory ‘physical’ reality. In the same way when a laser 
(think human attention) is directed at the waveform interference 
pattern a three-dimensional version of the subject is projected into 
apparently ‘solid’ reality (Fig 16). An amazing trait of holograms 
reveals more ‘paranormal mysteries’. Information of the whole 


hologram is encoded in waveform in every part of the interference 
pattern by the way they are created. This means that every part of a 
hologram is a smaller version of the whole. Cut the interference 
wave-pattern into four and you won't get four parts of the image. 
You get quarter-sized versions of the whole image. The body is a 
hologram and the same applies. Here we have the basis of 
acupuncture, reflexology and other forms of healing which identify 
representations of the whole body in all of the parts, hands, feet, 
ears, everywhere. Skilled palm readers can do what they do because 
the information of whole body is encoded in the hand. The concept 
of as above, so below, comes from this. 


Figure 15: A waveform interference pattern that holds the information that transforms into a 
hologram. 


Figure 16: Holographic people including ‘Elvis’ holographically inserted to sing a duet with 
Celine Dion. 


The question will be asked of why, if solidity is illusory, we can’t 
just walk through walls and each other. The resistance is not solid 
against solid; it is electromagnetic field against electromagnetic field 
and we decode this into the experience of solid against solid. We 
should also not underestimate the power of belief to dictate reality. 
What you believe is impossible will be. Your belief impacts on your 
decoding processes and they won’t decode what you think is 
impossible. What we believe we perceive and what we perceive we 
experience. ‘Can't dos’ and ‘impossibles’ are like a firewall in a 
computer system that won't put on the screen what the firewall 
blocks. How vital that is to understanding how human experience 
has been hijacked. I explain in The Answer, Everything You Need To 
Know But Have Never Been Told and other books a long list of 
‘mysteries’ and ‘paranormal’ phenomena that are not mysterious 
and perfectly normal once you realise what reality is and how it 
works. ‘Ghosts’ can be seen to pass through ‘solid’ walls because the 
walls are not solid and the ghost is a discarnate entity operating on a 
frequency so different to that of the wall that it’s like two radio 
stations sharing the same space while never interfering with each 
other. I have seen ghosts do this myself. The apartness of people and 
objects is also an illusion. Everything is connected by the Field like 
all sea life is connected by the sea. It’s just that within the limits of 
our visual reality we only ‘see’ holographic information and not the 
field of information that connects everything and from which the 
holographic world is made manifest. If you can only see holographic 
‘objects’ and not the field that connects them they will appear to you 
as unconnected to each other in the same way that we see the 
computer while not seeing the Wi-Fi. 


What you don't know ¢an hurt you 

Okay, we return to those ‘two worlds’ of human society and the Cult 
with its global network of interconnecting secret societies and 
satanic groups which manipulate through governments, 
corporations, media, religions, etc. The fundamental difference 
between them is knowledge. The idea has been to keep humanity 


ignorant of the plan for its total enslavement underpinned by a 
crucial ignorance of reality - who we are and where we are — and 
how we interact with it. ‘Human’ should be the interaction between 
our expanded eternal consciousness and the five-sense body 
experience. We are meant to be in this world in terms of the five 
senses but not of this world in relation to our greater consciousness 
and perspective. In that state we experience the small picture of the 
five senses within the wider context of the big picture of awareness 
beyond the five senses. Put another way the five senses see the dots 
and expanded awareness connects them into pictures and patterns 
that give context to the apparently random and unconnected. 
Without the context of expanded awareness the five senses see only 
apartness and randomness with apparently no meaning. The Cult 
and its other-dimensional controllers seek to intervene in the 
frequency realm where five-sense reality is supposed to connect with 
expanded reality and to keep the two apart (more on this in the final 
chapter). When that happens five-sense mental and emotional 
processes are no longer influenced by expanded awareness, or the 
True ‘I’, and instead are driven by the isolated perceptions of the 
body’s decoding systems. They are in the world and of it. Here we 
have the human plight and why humanity with its potential for 
infinite awareness can be so easily manipulatable and descend into 
such extremes of stupidity. 


Once the Cult isolates five-sense mind from expanded awareness 
it can then program the mind with perceptions and beliefs by 
controlling information that the mind receives through the 
‘education’ system of the formative years and the media perceptual 
bombardment and censorship of an entire lifetime. Limit perception 
and a sense of the possible through limiting knowledge by limiting 
and skewing information while censoring and discrediting that 
which could set people free. As the title of another of my books says 
... And The Truth Shall Set You Free. For this reason the last thing the 
Cult wants in circulation is the truth about anything — especially the 
reality of the eternal ‘I’ — and that’s why it is desperate to control 
information. The Cult knows that information becomes perception 


which becomes behaviour which, collectively, becomes human 
society. Cult-controlled and funded mainstream ‘science’ denies the 
existence of an eternal ‘I’ and seeks to dismiss and trash all evidence 
to the contrary. Cult-controlled mainstream religion has a version of 
‘God’ that is little more than a system of control and dictatorship 
that employs threats of damnation in an afterlife to control 
perceptions and behaviour in the here and now through fear and 
guilt. Neither is true and it’s the ‘neither’ that the Cult wishes to 
suppress. This ‘neither’ is that everything is an expression, a point of 
attention, within an infinite state of consciousness which is the real 
meaning of the term ‘God’. 


Perceptual obsession with the “physical body’ and five-senses 
means that ‘God’ becomes personified as a bearded bloke sitting 
among the clouds or a raging bully who loves us if we do what ‘he’ 
wants and condemns us to the fires of hell if we don’t. These are no 
more than a ‘spiritual’ fairy tales to control and dictate events and 
behaviour through fear of this ‘God’ which has bizarrely made ‘God- 
fearing’ in religious circles a state to be desired. I would suggest that 
fearing anything is not to be encouraged and celebrated, but rather 
deleted. You can see why ‘God fearing’ is so beneficial to the Cult 
and its religions when they decide what ‘God’ wants and what ‘God’ 
demands (the Cult demands) that everyone do. As the great 
American comedian Bill Hicks said satirising a Christian zealot: ‘T 
think what God meant to say.’ How much of this infinite awareness 
(‘God’) that we access is decided by how far we choose to expand 
our perceptions, self-identity and sense of the possible. The scale of 
self-identity reflects itself in the scale of awareness that we can 
connect with and are influenced by — how much knowing and 
insight we have instead of programmed perception. You cannot 
expand your awareness into the infinity of possibility when you 
believe that you are little me Peter the postman or Mary in marketing 
and nothing more. I'll deal with this in the concluding chapter 
because it’s crucial to how we turnaround current events. 


When I realised in the early 1990s there was a Cult network behind 
global events I asked the obvious question: When did it start? I took 
it back to ancient Rome and Egypt and on to Babylon and Sumer in 
Mesopotamia, the ‘Land Between Two Rivers’, in what we now call 
Iraq. The two rivers are the Tigris and Euphrates and this region is of 
immense historical and other importance to the Cult, as is the land 
called Israel only 550 miles away by air. There is much more going 
with deep esoteric meaning across this whole region. It’s not only 
about ‘wars for oil’. Priceless artefacts from Mesopotamia were 
stolen or destroyed after the American and British invasion of Iraq in 
2003 justified by the lies of Boy Bush and Tony Blair (their Cult 
masters) about non-existent “weapons of mass destruction’. 
Mesopotamia was the location of Sumer (about 5,400BC to 1,750BC), 
and Babylon (about 2,350BC to 539BC). Sabbatians may have become 
immensely influential in the Cult in modern times but they are part 
of a network that goes back into the mists of history. Sumer is said by 
historians to be the ‘cradle of civilisation’. I disagree. I say it was the 
re-start of what we call human civilisation after cataclysmic events 
symbolised in part as the ‘Great Flood’ destroyed the world that 
existed before. These fantastic upheavals that I have been describing 
in detail in the books since the early1990s appear in accounts and 
legends of ancient cultures across the world and they are supported 
by geological and biological evidence. Stone tablets found in Iraq 
detailing the Sumer period say the cataclysms were caused by non- 
human ‘gods’ they call the Anunnaki. These are described in terms 
of extraterrestrial visitations in which knowledge supplied by the 
Anunnaki is said to have been the source of at least one of the 
world’s oldest writing systems and developments in astronomy, 
mathematics and architecture that were way ahead of their time. I 
have covered this subject at length in The Biggest Secret and Children 
of the Matrix and the same basic ‘Anunnaki’ story can be found in 
Zulu accounts in South Africa where the late and very great Zulu 
high shaman Credo Mutwa told me that the Sumerian Anunnaki 
were known by Zulus as the Chitauri or ‘children of the serpent’. See 
my six-hour video interview with Credo on this subject entitled The 


Reptilian Agenda recorded at his then home near Johannesburg in 
1999 which you can watch on the Ickonic media platform. 


The Cult emerged out of Sumer, Babylon and Egypt (and 
elsewhere) and established the Roman Empire before expanding 
with the Romans into northern Europe from where many empires 
were savagely imposed in the form of Cult-controlled societies all 
over the world. Mass death and destruction was their calling card. 
The Cult established its centre of operations in Europe and European 
Empires were Cult empires which allowed it to expand into a global 
force. Spanish and Portuguese colonialists headed for Central and 
South America while the British and French targeted North America. 
Africa was colonised by Britain, France, Belgium, the Netherlands, 
Portugal, Spain, Italy, and Germany. Some like Britain and France 
moved in on the Middle East. The British Empire was by far the 
biggest for a simple reason. By now Britain was the headquarters of 
the Cult from which it expanded to form Canada, the United States, 
Australia and New Zealand. The Sun never set on the British Empire 
such was the scale of its occupation. London remains a global centre 
for the Cult along with Rome and the Vatican although others have 
emerged in Israel and China. It is no accident that the ‘virus’ is 
alleged to have come out of China while Italy was chosen as the 
means to terrify the Western population into compliance with 
‘Covid’ fascism. Nor that Israel has led the world in ‘Covid’ fascism 
and mass ‘vaccination’. 

You would think that I would mention the United States here, but 
while it has been an important means of imposing the Cult’s will it is 
less significant than would appear and is currently in the process of 
having what power it does have deleted. The Cult in Europe has 
mostly loaded the guns for the US to fire. America has been 
controlled from Europe from the start through Cult operatives in 
Britain and Europe. The American Revolution was an illusion to 
make it appear that America was governing itself while very 
different forces were pulling the strings in the form of Cult families 
such as the Rothschilds through the Rockefellers and other 
subordinates. The Rockefellers are extremely close to Bill Gates and 


established both scalpel and drug ‘medicine’ and the World Health 
Organization. They play a major role in the development and 
circulation of vaccines through the Rockefeller Foundation on which 
Bill Gates said his Foundation is based. Why wouldn't this be the 
case when the Rockefellers and Gates are on the same team? Cult 
infiltration of human society goes way back into what we call history 
and has been constantly expanding and centralising power with the 
goal of establishing a global structure to dictate everything. Look 
how this has been advanced in great leaps with the ‘Covid’ hoax. 


The non-human dimension 

I researched and observed the comings and goings of Cult operatives 
through the centuries and even thousands of years as they were 
born, worked to promote the agenda within the secret society and 
satanic networks, and then died for others to replace them. Clearly 
there had to be a coordinating force that spanned this entire period 
while operatives who would not have seen the end goal in their 
lifetimes came and went advancing the plan over millennia. I went 
in search of that coordinating force with the usual support from the 
extraordinary synchronicity of my life which has been an almost 
daily experience since 1990. I saw common themes in religious texts 
and ancient cultures about a non-human force manipulating human 
society from the hidden. Christianity calls this force Satan, the Devil 
and demons; Islam refers to the Jinn or Djinn; Zulus have their 
Chitauri (spelt in other ways in different parts of Africa); and the 
Gnostic people in Egypt in the period around and before 400AD 
referred to this phenomena as the ‘Archons’, a word meaning rulers 
in Greek. Central American cultures speak of the ‘Predators’ among 
other names and the same theme is everywhere. I will use ‘Archons’ 
as a collective name for all of them. When you see how their nature 
and behaviour is described all these different sources are clearly 
talking about the same force. Gnostics described the Archons in 
terms of ‘luminous fire’ while Islam relates the Jinn to ‘smokeless 
fire’. Some refer to beings in form that could occasionally be seen, 
but the most common of common theme is that they operate from 


unseen realms which means almost all existence to the visual 
processes of humans. I had concluded that this was indeed the 
foundation of human control and that the Cult was operating within 
the human frequency band on behalf of this hidden force when I 
came across the writings of Gnostics which supported my 
conclusions in the most extraordinary way. 

A sealed earthen jar was found in 1945 near the town of Nag 
Hammadi about 75-80 miles north of Luxor on the banks of the River 
Nile in Egypt. Inside was a treasure trove of manuscripts and texts 
left by the Gnostic people some 1,600 years earlier. They included 13 
leather-bound papyrus codices (manuscripts) and more than 50 texts 
written in Coptic Egyptian estimated to have been hidden in the jar 
in the period of 400AD although the source of the information goes 
back much further. Gnostics oversaw the Great or Royal Library of 
Alexandria, the fantastic depository of ancient texts detailing 
advanced knowledge and accounts of human history. The Library 
was dismantled and destroyed in stages over a long period with the 
death-blow delivered by the Cult-established Roman Church in the 
period around 415AD. The Church of Rome was the Church of 
Babylon relocated as I said earlier. Gnostics were not a race. They 
were a way of perceiving reality. Whenever they established 
themselves and their information circulated the terrorists of the 
Church of Rome would target them for destruction. This happened 
with the Great Library and with the Gnostic Cathars who were 
burned to death by the psychopaths after a long period of 
oppression at the siege of the Castle of Monségur in southern France 
in 1244. The Church has always been terrified of Gnostic information 
which demolishes the official Christian narrative although there is 
much in the Bible that supports the Gnostic view if you read it in 
another way. To anyone studying the texts of what became known as 
the Nag Hammadi Library it is clear that great swathes of Christian 
and Biblical belief has its origin with Gnostics sources going back to 
Sumer. Gnostic themes have been twisted to manipulate the 
perceived reality of Bible believers. Biblical texts have been in the 
open for centuries where they could be changed while Gnostic 


documents found at Nag Hammadi were sealed away and 
untouched for 1,600 years. What you see is what they wrote. 


Use your pneuma not your nous 

Gnosticism and Gnostic come from ‘gnosis’ which means 
knowledge, or rather secret knowledge, in the sense of spiritual 
awareness — knowledge about reality and life itself. The desperation 
of the Cult’s Church of Rome to destroy the Gnostics can be 
understood when the knowledge they were circulating was the last 
thing the Cult wanted the population to know. Sixteen hundred 
years later the same Cult is working hard to undermine and silence 
me for the same reason. The dynamic between knowledge and 
ignorance is a constant. ‘Time’ appears to move on, but essential 
themes remain the same. We are told to ‘use your nous’, a Gnostic 
word for head/brain/intelligence. They said, however, that spiritual 
awakening or ‘salvation’ could only be secured by expanding 
awareness beyond what they called nous and into pneuma or Infinite 
Self. Obviously as I read these texts the parallels with what I have 
been saying since 1990 were fascinating to me. There is a universal 
truth that spans human history and in that case why wouldn't we be 
talking the same language 16 centuries apart? When you free 
yourself from the perception program of the five senses and explore 
expanded realms of consciousness you are going to connect with the 
same information no matter what the perceived ‘era’ within a 
manufactured timeline of a single and tiny range of manipulated 
frequency. Humans working with ‘smart’ technology or knocking 
rocks together in caves is only a timeline appearing to operate within 
the human frequency band. Expanded awareness and the 
knowledge it holds have always been there whether the era be Stone 
Age or computer age. We can only access that knowledge by 
opening ourselves to its frequency which the five-sense prison cell is 
designed to stop us doing. Gates, Fauci, Whitty, Vallance, 
Zuckerberg, Brin, Page, Wojcicki, Bezos, and all the others behind 
the ‘Covid’ hoax clearly have a long wait before their range of 
frequency can make that connection given that an open heart is 


crucial to that as we shall see. Instead of accessing knowledge 
directly through expanded awareness it is given to Cult operatives 
by the secret society networks of the Cult where it has been passed 
on over thousands of years outside the public arena. Expanded 
realms of consciousness is where great artists, composers and 
writers find their inspiration and where truth awaits anyone open 
enough to connect with it. We need to go there fast. 


Archon hijack 

A fifth of the Nag Hammadi texts describe the existence and 
manipulation of the Archons led by a ‘Chief Archon’ they call 
‘Yaldabaoth’, or the ‘Demiurge’, and this is the Christian ‘Devil’, 
‘Satan’, ‘Lucifer’, and his demons. Archons in Biblical symbolism are 
the ‘fallen ones’ which are also referred to as fallen angels after the 
angels expelled from heaven according to the Abrahamic religions of 
Judaism, Christianity and Islam. These angels are claimed to tempt 
humans to ‘sin’ ongoing and you will see how accurate that 
symbolism is during the rest of the book. The theme of ‘original sin’ 
is related to the ‘Fall’ when Adam and Eve were ‘tempted by the 
serpent’ and fell from a state of innocence and ‘obedience’ 
(connection) with God into a state of disobedience (disconnection). 
The Fall is said to have brought sin into the world and corrupted 
everything including human nature. Yaldabaoth, the ‘Lord Archon’, 
is described by Gnostics as a ‘counterfeit spirit’, ‘The Blind One’, 
‘The Blind God’, and ‘The Foolish One’. The Jewish name for 
Yaldabaoth in Talmudic writings is Samael which translates as 
‘Poison of God’, or ‘Blindness of God’. You see the parallels. 
Yaldabaoth in Islamic belief is the Muslim Jinn devil known as 
Shaytan — Shaytan is Satan as the same themes are found all over the 
world in every religion and culture. The ‘Lord God’ of the Old 
Testament is the ‘Lord Archon’ of Gnostic manuscripts and that’s 
why he’s such a bloodthirsty bastard. Satan is known by Christians 
as ‘the Demon of Demons’ and Gnostics called Yaldabaoth the 
‘Archon of Archons’. Both are known as “The Deceiver’. We are 
talking about the same ‘bloke’ for sure and these common themes 


using different names, storylines and symbolism tell a common tale 
of the human plight. 

Archons are referred to in Nag Hammadi documents as mind 
parasites, inverters, guards, gatekeepers, detainers, judges, pitiless 
ones and deceivers. The ‘Covid’ hoax alone is a glaring example of 
all these things. The Biblical ‘God’ is so different in the Old and New 
Testaments because they are not describing the same phenomenon. 
The vindictive, angry, hate-filled, ‘God’ of the Old Testament, known 
as Yahweh, is Yaldabaoth who is depicted in Cult-dictated popular 
culture as the ‘Dark Lord’, ‘Lord of Time’, Lord (Darth) Vader and 
Dormammu, the evil ruler of the ‘Dark Dimension’ trying to take 
over the ‘Earth Dimension’ in the Marvel comic movie, Dr Strange. 
Yaldabaoth is both the Old Testament ‘god’ and the Biblical ‘Satan’. 
Gnostics referred to Yaldabaoth as the ‘Great Architect of the 
Universe’and the Cult-controlled Freemason network calls their god 
‘the ‘Great Architect of the Universe’ (also Grand Architect). The 
‘Great Architect’ Yaldabaoth is symbolised by the Cult as the all- 
seeing eye at the top of the pyramid on the Great Seal of the United 
States and the dollar bill. Archon is encoded in arch-itect as it is in 
arch-angels and arch-bishops. All religions have the theme of a force 
for good and force for evil in some sort of spiritual war and there is a 
reason for that — the theme is true. The Cult and its non-human 
masters are quite happy for this to circulate. They present 
themselves as the force for good fighting evil when they are really 
the force of evil (absence of love). The whole foundation of Cult 
modus operandi is inversion. They promote themselves as a force for 
good and anyone challenging them in pursuit of peace, love, 
fairness, truth and justice is condemned as a satanic force for evil. 
This has been the game plan throughout history whether the Church 
of Rome inquisitions of non-believers or ‘conspiracy theorists’ and 
‘anti-vaxxers’ of today. The technique is the same whatever the 
timeline era. 


Yaldabaoth is revolting (true) 


Yaldabaoth and the Archons are said to have revolted against God 
with Yaldabaoth claiming to be God — the All That Is. The Old 
Testament ‘God’ (Yaldabaoth) demanded to be worshipped as such: ’ 
Iam the LORD, and there is none else, there is no God beside me’ 
(Isaiah 45:5). I have quoted in other books a man who said he was 
the unofficial son of the late Baron Philippe de Rothschild of the 
Mouton-Rothschild wine producing estates in France who died in 
1988 and he told me about the Rothschild ‘revolt from God’. The 
man said he was given the name Phillip Eugene de Rothschild and 
we shared long correspondence many years ago while he was living 
under another identity. He said that he was conceived through 
‘occult incest’ which (within the Cult) was ‘normal and to be 
admired’. ‘Phillip’ told me about his experience attending satanic 
rituals with rich and famous people whom he names and you can 
see them and the wider background to Cult Satanism in my other 
books starting with The Biggest Secret. Cult rituals are interactions 
with Archontic ‘gods’. ‘Phillip’ described Baron Philippe de 
Rothschild as ‘a master Satanist and hater of God’ and he used the 
same term ‘revolt from God’ associated with 
Yaldabaoth/Satan/Lucifer/the Devil in describing the Sabbatian 
Rothschild dynasty. ‘I played a key role in my family’s revolt from 
God’, he said. That role was to infiltrate in classic Sabbatian style the 
Christian Church, but eventually he escaped the mind-prison to live 
another life. The Cult has been targeting religion in a plan to make 
worship of the Archons the global one-world religion. Infiltration of 
Satanism into modern ‘culture’, especially among the young, 
through music videos, stage shows and other means, is all part of 
this. 


Nag Hammadi texts describe Yaldabaoth and the Archons in their 
prime form as energy — consciousness — and say they can take form if 
they choose in the same way that consciousness takes form as a 
human. Yaldabaoth is called ‘formless’ and represents a deeply 
inverted, distorted and chaotic state of consciousness which seeks to 
attached to humans and turn them into a likeness of itself in an 
attempt at assimilation. For that to happen it has to manipulate 


humans into low frequency mental and emotional states that match 
its own. Archons can certainly appear in human form and this is the 
origin of the psychopathic personality. The energetic distortion 
Gnostics called Yaldabaoth is psychopathy. When psychopathic 
Archons take human form that human will be a psychopath as an 
expression of Yaldabaoth consciousness. Cult psychopaths are 
Archons in human form. The principle is the same as that portrayed 
in the 2009 Avatar movie when the American military travelled to a 
fictional Earth-like moon called Pandora in the Alpha Centauri star 
system to infiltrate a society of blue people, or Na’vi, by hiding 
within bodies that looked like the Na’vi. Archons posing as humans 
have a particular hybrid information field, part human, part Archon, 
(the ancient ‘demigods’) which processes information in a way that 
manifests behaviour to match their psychopathic evil, lack of 
empathy and compassion, and stops them being influenced by the 
empathy, compassion and love that a fully-human information field 
is capable of expressing. Cult bloodlines interbreed, be they royalty 
or dark suits, for this reason and you have their obsession with 
incest. Interbreeding with full-blown humans would dilute the 
Archontic energy field that guarantees psychopathy in its 
representatives in the human realm. 

Gnostic writings say the main non-human forms that Archons 
take are serpentine (what I have called for decades ‘reptilian’ amid 
unbounded ridicule from the Archontically-programmed) and what 
Gnostics describe as ‘an unborn baby or foetus with grey skin and 
dark, unmoving eyes’. This is an excellent representation of the ET 
‘Greys’ of UFO folklore which large numbers of people claim to have 
seen and been abducted by — Zulu shaman Credo Mutwa among 
them. I agree with those that believe in extraterrestrial or 
interdimensional visitations today and for thousands of years past. 
No wonder with their advanced knowledge and technological 
capability they were perceived and worshipped as gods for 
technological and other ‘miracles’ they appeared to perform. 
Imagine someone arriving in a culture disconnected from the 
modern world with a smartphone and computer. They would be 


seen as a ‘god’ capable of ‘miracles’. The Renegade Mind, however, 
wants to know the source of everything and not only the way that 
source manifests as human or non-human. In the same way that a 
Renegade Mind seeks the original source material for the “‘Covid 
virus’ to see if what is claimed is true. The original source of 
Archons in form is consciousness — the distorted state of 
consciousness known to Gnostics as Yaldabaoth. 


‘Revolt from God is energetic disconnection 

Where I am going next will make a lot of sense of religious texts and 
ancient legends relating to ‘Satan’, Lucifer’ and the ‘gods’. Gnostic 
descriptions sync perfectly with the themes of my own research over 
the years in how they describe a consciousness distortion seeking to 
impose itself on human consciousness. I’ve referred to the core of 
infinite awareness in previous books as Infinite Awareness in 
Awareness of Itself. By that I mean a level of awareness that knows 
that it is all awareness and is aware of all awareness. From here 
comes the frequency of love in its true sense and balance which is 
what love is on one level — the balance of all forces into a single 
whole called Oneness and Isness. The more we disconnect from this 
state of love that many call ‘God’ the constituent parts of that 
Oneness start to unravel and express themselves as a part and not a 
whole. They become individualised as intellect, mind, selfishness, 
hatred, envy, desire for power over others, and such like. This is not 
a problem in the greater scheme in that ‘God’, the All That Is, can 
experience all these possibilities through different expressions of 
itself including humans. What we as expressions of the whole 
experience the All That Is experiences. We are the All That Is 
experiencing itself. As we withdraw from that state of Oneness we 
disconnect from its influence and things can get very unpleasant and 
very stupid. Archontic consciousness is at the extreme end of that. It 
has so disconnected from the influence of Oneness that it has become 
an inversion of unity and love, an inversion of everything, an 
inversion of life itself. Evil is appropriately live written backwards. 
Archontic consciousness is obsessed with death, an inversion of life, 


and so its manifestations in Satanism are obsessed with death. They 
use inverted symbols in their rituals such as the inverted pentagram 
and cross. Sabbatians as Archontic consciousness incarnate invert 
Judaism and every other religion and culture they infiltrate. They 
seek disunity and chaos and they fear unity and harmony as they 
fear love like garlic to a vampire. As a result the Cult, Archons 
incarnate, act with such evil, psychopathy and lack of empathy and 
compassion disconnected as they are from the source of love. How 
could Bill Gates and the rest of the Archontic psychopaths do what 
they have to human society in the ‘Covid’ era with all the death, 
suffering and destruction involved and have no emotional 
consequence for the impact on others? Now you know. Why have 
Zuckerberg, Brin, Page, Wojcicki and company callously censored 
information warning about the dangers of the ‘vaccine’ while 
thousands have been dying and having severe, sometimes life- 
changing reactions? Now you know. Why have Tedros, Fauci, 
Whitty, Vallance and their like around the world been using case and 
death figures they’re aware are fraudulent to justify lockdowns and 
all the deaths and destroyed lives that have come from that? Now 
you know. Why did Christian Drosten produce and promote a 
‘testing’ protocol that he knew couldn’t test for infectious disease 
which led to a global human catastrophe. Now you know. The 
Archontic mind doesn’t give a shit (Fig 17). I personally think that 
Gates and major Cult insiders are a form of AI cyborg that the 
Archons want humans to become. 
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Figure 17: Artist Neil Hague’s version of the ‘Covid’ hierarchy. 


Human batteries 

A state of such inversion does have its consequences, however. The 
level of disconnection from the Source of All means that you 
withdraw from that source of energetic sustenance and creativity. 
This means that you have to find your own supply of energetic 
power and it has — us. When the Morpheus character in the first 
Matrix movie held up a battery he spoke a profound truth when he 
said: ‘The Matrix is a computer-generated dream world built to keep 
us under control in order to change the human being into one of 


these.’ The statement was true in all respects. We do live in a 
technologically-generated virtual reality simulation (more very 
shortly) and we have been manipulated to be an energy source for 
Archontic consciousness. The Disney-Pixar animated movie 
Monsters, Inc. in 2001 symbolised the dynamic when monsters in 
their world had no energy source and they would enter the human 
world to terrify children in their beds, catch the child’s scream, terror 
(low-vibrational frequencies), and take that energy back to power 
the monster world. The lead character you might remember was a 
single giant eye and the symbolism of the Cult’s all-seeing eye was 
obvious. Every thought and emotion is broadcast as a frequency 
unique to that thought and emotion. Feelings of love and joy, 
empathy and compassion, are high, quick, frequencies while fear, 
depression, anxiety, suffering and hate are low, slow, dense 
frequencies. Which kind do you think Archontic consciousness can 
connect with and absorb? In such a low and dense frequency state 
there’s no way it can connect with the energy of love and joy. 
Archons can only feed off energy compatible with their own 
frequency and they and their Cult agents want to delete the human 
world of love and joy and manipulate the transmission of low 
vibrational frequencies through low-vibrational human mental and 
emotional states. We are their energy source. Wars are energetic 
banquets to the Archons — a world war even more so — and think 
how much low-frequency mental and emotional energy has been 
generated from the consequences for humanity of the ‘Covid’ hoax 
orchestrated by Archons incarnate like Gates. 


The ancient practice of human sacrifice ‘to the gods’, continued in 
secret today by the Cult, is based on the same principle. “The gods’ 
are Archontic consciousness in different forms and the sacrifice is 
induced into a state of intense terror to generate the energy the 
Archontic frequency can absorb. Incarnate Archons in the ritual 
drink the blood which contains an adrenaline they crave which 
floods into the bloodstream when people are terrorised. Most of the 
sacrifices, ancient and modern, are children and the theme of 
‘sacrificing young virgins to the gods’ is just code for children. They 


have a particular pre-puberty energy that Archons want more than 
anything and the energy of the young in general is their target. The 
California Department of Education wants students to chant the 
names of Aztec gods (Archontic gods) once worshipped in human 
sacrifice rituals in a curriculum designed to encourage them to 
‘challenge racist, bigoted, discriminatory, imperialist/colonial 
beliefs’, join ‘social movements that struggle for social justice’, and 
‘build new possibilities for a post-racist, post-systemic racism 
society’. It’s the usual Woke crap that inverts racism and calls it anti- 
racism. In this case solidarity with ‘indigenous tribes’ is being used 
as an excuse to chant the names of ‘gods’ to which people were 
sacrificed (and still are in secret). What an example of Woke’s 
inability to see beyond black and white, us and them, They condemn 
the colonisation of these tribal cultures by Europeans (quite right), 
but those cultures sacrificing people including children to their 
‘gods’, and mass murdering untold numbers as the Aztecs did, is 
just fine. One chant is to the Aztec god Tezcatlipoca who had a man 
sacrificed to him in the 5th month of the Aztec calendar. His heart 
was cut out and he was eaten. Oh, that’s okay then. Come on 
children ... after three ... Other sacrificial ‘gods’ for the young to 
chant their allegiance include Quetzalcoatl, Huitzilopochtli and Xipe 
Totec. The curriculum says that ‘chants, affirmations, and energizers 
can be used to bring the class together, build unity around ethnic 
studies principles and values, and to reinvigorate the class following 
a lesson that may be emotionally taxing or even when student 
engagement may appear to be low’. Well, that’s the cover story, 
anyway. Chanting and mantras are the repetition of a particular 
frequency generated from the vocal cords and chanting the names of 
these Archontic ‘gods’ tunes you into their frequency. That is the last 
thing you want when it allows for energetic synchronisation, 
attachment and perceptual influence. Initiates chant the names of 
their ‘Gods’ in their rituals for this very reason. 


Paedophilia is another way that Archons absorb the energy of 
children. Paedophiles possessed by Archontic consciousness are 
used as the conduit during sexual abuse for discarnate Archons to 
vampire the energy of the young they desire so much. Stupendous 
numbers of children disappear every year never to be seen again 
although you would never know from the media. Imagine how 
much low-vibrational energy has been generated by children during 
the ‘Covid’ hoax when so many have become depressed and 
psychologically destroyed to the point of killing themselves. 
Shocking numbers of children are now taken by the state from 
loving parents to be handed to others. I can tell you from long 
experience of researching this since 1996 that many end up with 
paedophiles and assets of the Cult through corrupt and Cult-owned 
social services which in the reframing era has hired many 
psychopaths and emotionless automatons to do the job. Children are 
even stolen to order using spurious reasons to take them by the 
corrupt and secret (because they’re corrupt) ‘family courts’. I have 
written in detail in other books, starting with The Biggest Secret in 
1997, about the ubiquitous connections between the political, 
corporate, government, intelligence and military elites (Cult 
operatives) and Satanism and paedophilia. If you go deep enough 
both networks have an interlocking leadership. The Woke mentality 
has been developed by the Cult for many reasons: To promote 
almost every aspect of its agenda; to hijack the traditional political 
left and turn it fascist; to divide and rule; and to target agenda 
pushbackers. But there are other reasons which relate to what Iam 
describing here. How many happy and joyful Wokers do you ever 
see especially at the extreme end? They are a mental and 
psychological mess consumed by emotional stress and constantly 
emotionally cocked for the next explosion of indignation at someone 
referring to a female as a female. They are walking, talking, batteries 
as Morpheus might say emitting frequencies which both enslave 
them in low-vibrational bubbles of perceptual limitation and feed 
the Archons. Add to this the hatred claimed to be love; fascism 
claimed to ‘anti-fascism’, racism claimed to be ‘anti-racism’; 


exclusion claimed to inclusion; and the abuse-filled Internet trolling. 
You have a purpose-built Archontic energy system with not a wind 
turbine in sight and all founded on Archontic inversion. We have 
whole generations now manipulated to serve the Archons with their 
actions and energy. They will be doing so their entire adult lives 
unless they snap out of their Archon-induced trance. Is it really a 
surprise that Cult billionaires and corporations put so much money 
their way? Where is the energy of joy and laughter, including 
laughing at yourself which is confirmation of your own emotional 
security? Mark Twain said: ‘The human race has one really effective 
weapon, and that is laughter.’ We must use it all the time. Woke has 
destroyed comedy because it has no humour, no joy, sense of irony, 
or self-deprecation. Its energy is dense and intense. Mmmmm, lunch 
says the Archontic frequency. Rudolf Steiner (1861-1925) was the 
Austrian philosopher and famous esoteric thinker who established 
Waldorf education or Steiner schools to treat children like unique 
expressions of consciousness and not minds to be programmed with 
the perceptions determined by authority. I’d been writing about this 
energy vampiring for decades when I was sent in 2016 a quote by 
Steiner. He was spot on: 


There are beings in the spiritual realms for whom anxiety and fear emanating from human 
beings offer welcome food. When humans have no anxiety and fear, then these creatures 
starve. If fear and anxiety radiates from people and they break out in panic, then these 
creatures find welcome nutrition and they become more and more powerful. These beings are 
hostile towards humanity. Everything that feeds on negative feelings, on anxiety, fear and 
superstition, despair or doubt, are in reality hostile forces in super-sensible worlds, launching 
cruel attacks on human beings, while they are being fed ... These are exactly the feelings that 
belong to contemporary culture and materialism; because it estranges people from the 
spiritual world, it is especially suited to evoke hopelessness and fear of the unknown in 
people, thereby calling up the above mentioned hostile forces against them. 


Pause for a moment from this perspective and reflect on what has 
happened in the world since the start of 2020. Not only will pennies 
drop, but billion dollar bills. We see the same theme from Don Juan 
Matus, a Yaqui Indian shaman in Mexico and the information source 
for Peruvian-born writer, Carlos Castaneda, who wrote a series of 


books from the 1960s to 1990s. Don Juan described the force 
manipulating human society and his name for the Archons was the 
predator: 


We have a predator that came from the depths of the cosmos and took over the rule of our 
lives. Human beings are its prisoners. The predator is our lord and master. It has rendered us 
docile, helpless. If we want to protest, it suppresses our protest. If we want to act 
independently, it demands that we don’t do so ... indeed we are held prisoner! 


They took us over because we are food to them, and they squeeze us mercilessly because we 
are their sustenance. Just as we rear chickens in coops, the predators rear us in human coops, 
humaneros. Therefore, their food is always available to them. 


Different cultures, different eras, same recurring theme. 


The ‘ennoia’ dilemma 


Nag Hammadi Gnostic manuscripts say that Archon consciousness 
has no ‘ennoia’. This is directly translated as ‘intentionality’, but I’ll 
use the term ‘creative imagination’. The All That Is in awareness of 
itself is the source of all creativity — all possibility - and the more 
disconnected you are from that source the more you are 
subsequently denied ‘creative imagination’. Given that Archon 
consciousness is almost entirely disconnected it severely lacks 
creativity and has to rely on far more mechanical processes of 
thought and exploit the creative potential of those that do have 
‘ennoia’. You can see cases of this throughout human society. Archon 
consciousness almost entirely dominates the global banking system 
and if we study how that system works you will appreciate what I 
mean. Banks manifest ‘money’ out of nothing by issuing lines of 
‘credit’ which is ‘money’ that has never, does not, and will never 
exist except in theory. It’s a confidence trick. If you think ‘credit’ 
figures-on-a-screen ‘money’ is worth anything you accept it as 
payment. If you don’t then the whole system collapses through lack 
of confidence in the value of that ‘money’. Archontic bankers with 
no ‘ennoia’ are ‘lending’ ‘money’ that doesn’t exist to humans that do 
have creativity — those that have the inspired ideas and create 
businesses and products. Archon banking feeds off human creativity 


which it controls through ‘money’ creation and debt. Humans have 
the creativity and Archons exploit that for their own benefit and 
control while having none themselves. Archon Internet platforms 
like Facebook claim joint copyright of everything that creative users 
post and while Archontic minds like Zuckerberg may officially head 
that company it will be human creatives on the staff that provide the 
creative inspiration. When you have limitless ‘money’ you can then 
buy other companies established by creative humans. Witness the 
acquisition record of Facebook, Google and their like. Survey the 
Archon-controlled music industry and you see non-creative dark 
suit executives making their fortune from the human creativity of 
their artists. The cases are endless. Research the history of people 
like Gates and Zuckerberg and how their empires were built on 
exploiting the creativity of others. Archon minds cannot create out of 
nothing, but they are skilled (because they have to be) in what 
Gnostic texts call ‘countermimicry’. They can imitate, but not 
innovate. Sabbatians trawl the creativity of others through 
backdoors they install in computer systems through their 
cybersecurity systems. Archon-controlled China is globally infamous 
for stealing intellectual property and I remember how Hong Kong, 
now part of China, became notorious for making counterfeit copies 
of the creativity of others — ‘countermimicry’. With the now 
pervasive and all-seeing surveillance systems able to infiltrate any 
computer you can appreciate the potential for Archons to vampire 
the creativity of humans. Author John Lamb Lash wrote in his book 
about the Nag Hammadi texts, Not In His Image: 


Although they cannot originate anything, because they lack the divine factor of ennoia 
(intentionality), Archons can imitate with a vengeance. Their expertise is simulation (HAL, 
virtual reality). The Demiurge [Yaldabaoth] fashions a heaven world copied from the fractal 
patterns [of the original] ... His construction is celestial kitsch, like the fake Italianate villa of a 
Mafia don complete with militant angels to guard every portal. 


This brings us to something that I have been speaking about since 
the turn of the millennium. Our reality is a simulation; a virtual 
reality that we think is real. No, I’m not kidding. 


Human reality? Well, virtually 

I had pondered for years about whether our reality is ‘real’ or some 
kind of construct. I remembered being immensely affected on a visit 
as a small child in the late 1950s to the then newly-opened 
Planetarium on the Marylebone Road in London which is now 
closed and part of the adjacent Madame Tussauds wax museum. It 
was in the middle of the day, but when the lights went out there was 
the night sky projected in the Planetarium’s domed ceiling and it 
appeared to be so real. The experience never left me and I didn’t 
know why until around the turn of the millennium when I became 
certain that our ‘night sky’ and entire reality is a projection, a virtual 
reality, akin to the illusory world portrayed in the Matrix movies. I 
looked at the sky one day in this period and it appeared to me like 
the domed roof of the Planetarium. The release of the first Matrix 
movie in 1999 also provided a synchronistic and perfect visual 
representation of where my mind had been going for a long time. I 
hadn’t come across the Gnostic Nag Hammadi texts then. When I 
did years later the correlation was once again astounding. As I read 
Gnostic accounts from 1,600 years and more earlier it was clear that 
they were describing the same simulation phenomenon. They tell 
how the Yaldabaoth ‘Demiurge’ and Archons created a “bad copy’ of 
original reality to rule over all that were captured by its illusions and 
the body was a prison to trap consciousness in the ‘bad copy’ fake 
reality. Read how Gnostics describe the ‘bad copy’ and update that 
to current times and they are referring to what we would call today a 
virtual reality simulation. 

Author John Lamb Lash said ‘the Demiurge fashions a heaven 
world copied from the fractal patterns’ of the original through 
expertise in ‘HAL’ or virtual reality simulation. Fractal patterns are 
part of the energetic information construct of our reality, a sort of 
blueprint. If these patterns were copied in computer terms it would 
indeed give you a copy of a ‘natural’ reality in a non-natural 
frequency and digital form. The principle is the same as making a 
copy of a website. The original website still exists, but now you can 
change the copy version to make it whatever you like and it can 


become very different to the original website. Archons have done 
this with our reality, a synthetic copy of prime reality that still exists 
beyond the frequency walls of the simulation. Trapped within the 
illusions of this synthetic Matrix, however, were and are human 
consciousness and other expressions of prime reality and this is why 
the Archons via the Cult are seeking to make the human body 
synthetic and give us synthetic AI minds to complete the job of 
turning the entire reality synthetic including what we perceive to be 
the natural world. To quote Kurzweil: ‘Nanobots will infuse all the 
matter around us with information. Rocks, trees, everything will 
become these intelligent creatures.’ Yes, synthetic ‘creatures’ just as 
‘Covid’ and other genetically-manipulating ‘vaccines’ are designed 
to make the human body synthetic. From this perspective it is 
obvious why Archons and their Cult are so desperate to infuse 
synthetic material into every human with their ‘Covid’ scam. 


Let there be (electromagnetic) light 

Yaldabaoth, the force that created the simulation, or Matrix, makes 
sense of the Gnostic reference to ‘The Great Architect’ and its use by 
Cult Freemasonry as the name of its deity. The designer of the Matrix 
in the movies is called ‘The Architect’ and that trilogy is jam-packed 
with symbolism relating to these subjects. I have contended for years 
that the angry Old Testament God (Yaldabaoth) is the ‘God’ being 
symbolically ‘quoted’ in the opening of Genesis as ‘creating the 
world’. This is not the creation of prime reality — it’s the creation of 
the simulation. The Genesis ‘God’ says: ‘Let there be Light: and there 
was light.’ But what is this ‘Light’? I have said for decades that the 
speed of light (186,000 miles per second) is not the fastest speed 
possible as claimed by mainstream science and is in fact the 
frequency walls or outer limits of the Matrix. You can’t have a fastest 
or slowest anything within all possibility when everything is 
possible. The human body is encoded to operate within the speed of 
light or within the simulation and thus we see only the tiny frequency 
band of visible light. Near-death experiencers who perceive reality 
outside the body during temporary ‘death’ describe a very different 


form of light and this is supported by the Nag Hammadi texts. 
Prime reality beyond the simulation (‘Upper Aeons’ to the Gnostics) 
is described as a realm of incredible beauty, bliss, love and harmony 
—a realm of ‘watery light’ that is so powerful ‘there are no shadows’. 
Our false reality of Archon control, which Gnostics call the ‘Lower 
Aeons’, is depicted as a realm with a different kind of ‘light’ and 
described in terms of chaos, ‘Hell’, ‘the Abyss’ and ‘Outer Darkness’, 
where trapped souls are tormented and manipulated by demons 
(relate that to the ‘Covid’ hoax alone). The watery light theme can be 
found in near-death accounts and it is not the same as simulation 
‘light’ which is electromagnetic or radiation light within the speed of 
light — the ‘Lower Aeons’. Simulation ‘light’ is the ‘Iuminous fire’ 
associated by Gnostics with the Archons. The Bible refers to 
Yaldabaoth as ‘that old serpent, called the Devil, and Satan, which 
deceiveth the whole world’ (Revelation 12:9). I think that making a 
simulated copy of prime reality (‘countermimicry’) and changing it 
dramatically while all the time manipulating humanity to believe it 
to be real could probably meet the criteria of deceiving the whole 
world. Then we come to the Cult god Lucifer — the Light Bringer. 
Lucifer is symbolic of Yaldabaoth, the bringer of radiation light that 
forms the bad copy simulation within the speed of light. “He’ is 
symbolised by the lighted torch held by the Statue of Liberty and in 
the name ‘Illuminati’. Sabbatian-Frankism declares that Lucifer is the 
true god and Lucifer is the real god of Freemasonry honoured as 
their ‘Great or Grand Architect of the Universe’ (simulation). 


I would emphasise, too, the way Archontic technologically- 
generated luminous fire of radiation has deluged our environment 
since I was a kid in the 1950s and changed the nature of The Field 
with which we constantly interact. Through that interaction 
technological radiation is changing us. The Smart Grid is designed to 
operate with immense levels of communication power with 5G 
expanding across the world and 6G, 7G, in the process of 
development. Radiation is the simulation and the Archontic 
manipulation system. Why wouldn’t the Archon Cult wish to 
unleash radiation upon us to an ever-greater extreme to form 


Kurzweil’s ‘cloud’? The plan for a synthetic human is related to the 
need to cope with levels of radiation beyond even anything we’ve 
seen so far. Biological humans would not survive the scale of 
radiation they have in their script. The Smart Grid is a technological 
sub-reality within the technological simulation to further disconnect 
five-sense perception from expanded consciousness. It’s a 
technological prison of the mind. 


A recurring theme in religion and native cultures is the 
manipulation of human genetics by a non-human force and most 
famously recorded as the biblical “sons of god’ (the gods plural in the 
original) who interbred with the daughters of men. The Nag 
Hammadi Apocryphon of John tells the same story this way: 


He [Yaldabaoth] sent his angels [Archons/demons] to the daughters of men, that they might 
take some of them for themselves and raise offspring for their enjoyment. And at first they did 
not succeed. When they had no success, they gathered together again and they made a plan 
together ... And the angels changed themselves in their likeness into the likeness of their 
mates, filling them with the spirit of darkness, which they had mixed for them, and with evil ... 
And they took women and begot children out of the darkness according to the likeness of 
their spirit. 


Possession when a discarnate entity takes over a human body is an 
age-old theme and continues today. It’s very real and I’ve seen it. 
Satanic and secret society rituals can create an energetic environment 
in which entities can attach to initiates and I’ve heard many stories 
of how people have changed their personality after being initiated 
even into lower levels of the Freemasons. I have been inside three 
Freemasonic temples, one at a public open day and two by just 
walking in when there was no one around to stop me. They were in 
Ryde, the town where I live, Birmingham, England, when I was with 
a group, and Boston, Massachusetts. They all felt the same 
energetically — dark, dense, low-vibrational and sinister. Demonic 
attachment can happen while the initiate has no idea what is going 
on. To them it’s just a ritual to get in the Masons and do a bit of good 


business. In the far more extreme rituals of Satanism human 
possession is even more powerful and they are designed to make 
possession possible. The hierarchy of the Cult is dictated by the 
power and perceived status of the possessing Archon. In this way 
the Archon hierarchy becomes the Cult hierarchy. Once the entity 
has attached it can influence perception and behaviour and if it 
attaches to the extreme then so much of its energy (information) 
infuses into the body information field that the hologram starts to 
reflect the nature of the possessing entity. This is the Exorcist movie 
type of possession when facial features change and it’s known as 
shapeshifting. Islam’s Jinn are said to be invisible tricksters who 
change shape, ‘whisper’, confuse and take human form. These are all 
traits of the Archons and other versions of the same phenomenon. 
Extreme possession could certainty infuse the ‘spirit of darkness’ 
into a partner during sex as the Nag Hammadi texts appear to 
describe. Such an infusion can change genetics which is also 
energetic information. Human genetics is information and the ‘spirit 
of darkness’ is information. Mix one with the other and change must 
happen. Islam has the concept of a ‘Jinn baby’ through possession of 
the mother and by Jinn taking human form. There are many ways 
that human genetics can be changed and remember that Archons 
have been aware all along of advanced techniques to do this. What is 
being done in human society today — and far more — was known 
about by Archons at the time of the ‘fallen ones’ and their other 
versions described in religions and cultures. 


Archons and their human-world Cult are obsessed with genetics 
as we see today and they know this dictates how information is 
processed into perceived reality during a human life. They needed to 
produce a human form that would decode the simulation and this is 
symbolically known as ‘Adam and Eve’ who left the ‘garden’ (prime 
reality) and ‘fell’ into Matrix reality. The simulation is not a 
‘physical’ construct (there is no “physical’); it is a source of 
information. Think Wi-Fi again. The simulation is an energetic field 
encoded with information and body-brain systems are designed to 
decode that information encoded in wave or frequency form which 


is transmitted to the brain as electrical signals. These are decoded by 
the brain to construct our sense of reality — an illusory ‘physical’ 
world that only exists in the brain or the mind. Virtual reality games 
mimic this process using the same sensory decoding system. 
Information is fed to the senses to decode a virtual reality that can 
appear so real, but isn’t (Figs 18 and 19). Some scientists believe — 
and I agree with them — that what we perceive as ‘physical’ reality 
only exists when we are looking or observing. The act of perception 
or focus triggers the decoding systems which turn waveform 
information into holographic reality. When we are not observing 
something our reality reverts from a holographic state to a waveform 
state. This relates to the same principle as a falling tree not making a 
noise unless someone is there to hear it or decode it. The concept 
makes sense from the simulation perspective. A computer is not 
decoding all the information in a Wi-Fi field all the time and only 
decodes or brings into reality on the screen that part of Wi-Fi that it’s 
decoding — focusing upon — at that moment. 


Figure 19: The result can be experienced as very ‘real’. 


Interestingly, Professor Donald Hoffman at the Department of 
Cognitive Sciences at the University of California, Irvine, says that 
our experienced reality is like a computer interface that shows us 
only the level with which we interact while hiding all that exists 
beyond it: ‘Evolution shaped us with a user interface that hides the 
truth. Nothing that we see is the truth — the very language of space 
and time and objects is the wrong language to describe reality.’ He is 
correct in what he says on so many levels. Space and time are not a 
universal reality. They are a phenomenon of decoded simulation 
reality as part of the process of enslaving our sense of reality. Near- 
death experiencers report again and again how space and time did 
not exist as we perceive them once they were free of the body — body 
decoding systems. You can appreciate from this why Archons and 
their Cult are so desperate to entrap human attention in the five 
senses where we are in the Matrix and of the Matrix. Opening your 
mind to expanded states of awareness takes you beyond the 
information confines of the simulation and you become aware of 
knowledge and insights denied to you before. This is what we call 
‘awakening’ — awakening from the Matrix — and in the final chapter I 
will relate this to current events. 


Where are the ‘aliens’? 

A simulation would explain the so-called ‘Fermi Paradox’ named 
after Italian physicist Enrico Fermi (1901-1954) who created the first 
nuclear reactor. He considered the question of why there is such a 
lack of extraterrestrial activity when there are so many stars and 
planets in an apparently vast universe; but what if the night sky that 
we see, or think we do, is a simulated projection as I say? If you 
control the simulation and your aim is to hold humanity fast in 
essential ignorance would you want other forms of life including 
advanced life coming and going sharing information with 
humanity? Or would you want them to believe they were isolated 
and apparently alone? Themes of human isolation and apartness are 
common whether they be the perception of a lifeless universe or the 
fascist isolation laws of the ‘Covid’ era. Paradoxically the very 


existence of a simulation means that we are not alone when some 
force had to construct it. My view is that experiences that people 
have reported all over the world for centuries with Reptilians and 
Grey entities are Archon phenomena as Nag Hammadi texts 
describe; and that benevolent ‘alien’ interactions are non-human 
groups that come in and out of the simulation by overcoming 
Archon attempts to keep them out. It should be highlighted, too, that 
Reptilians and Greys are obsessed with genetics and technology as 
related by cultural accounts and those who say they have been 
abducted by them. Technology is their way of overcoming some of 
the limitations in their creative potential and our technology-driven 
and controlled human society of today is archetypical Archon- 
Reptilian-Grey modus operandi. Technocracy is really Archontocracy. 
The Universe does not have to be as big as it appears with a 
simulation. There is no space or distance only information decoded 
into holographic reality. What we call ‘space’ is only the absence of 
holographic ‘objects’ and that ‘space’ is The Field of energetic 
information which connects everything into a single whole. The 
same applies with the artificially-generated information field of the 
simulation. The Universe is not big or small as a physical reality. It is 
decoded information, that’s all, and its perceived size is decided by 
the way the simulation is encoded to make it appear. The entire 
night sky as we perceive it only exists in our brain and so where are 
those ‘millions of light years’? The ‘stars’ on the ceiling of the 
Planetarium looked a vast distance away. 


There’s another point to mention about ‘aliens’. I have been 
highlighting since the 1990s the plan to stage a fake ‘alien invasion’ 
to justify the centralisation of global power and a world military. 
Nazi scientist Werner von Braun, who was taken to America by 
Operation Paperclip after World War Two to help found NASA, told 
his American assistant Dr Carol Rosin about the Cult agenda when 
he knew he was dying in 1977. Rosin said that he told her about a 
sequence that would lead to total human control by a one-world 
government. This included threats from terrorism, rogue nations, 
meteors and asteroids before finally an ‘alien invasion’. All of these 


things, von Braun said, would be bogus and what I would refer to as 
a No-Problem-Reaction-Solution. Keep this in mind when ‘the aliens 
are coming’ is the new mantra. The aliens are not coming — they are 
already here and they have infiltrated human society while looking 
human. French-Canadian investigative journalist Serge Monast said 
in 1994 that he had uncovered a NASA/military operation called 
Project Blue Beam which fits with what Werner von Braun predicted. 
Monast died of a ‘heart attack’ in 1996 the day after he was arrested 
and spent a night in prison. He was 51. He said Blue Beam was a 
plan to stage an alien invasion that would include religious figures 
beamed holographically into the sky as part of a global manipulation 
to usher in a ‘new age’ of worshipping what I would say is the Cult 
‘god’ Yaldabaoth in a one-world religion. Fake holographic asteroids 
are also said to be part of the plan which again syncs with von 
Braun. How could you stage an illusory threat from asteroids unless 
they were holographic inserts? This is pretty straightforward given 
the advanced technology outside the public arena and the fact that 
our ‘physical’ reality is holographic anyway. Information fields 
would be projected and we would decode them into the illusion of a 
‘physical’ asteroid. If they can sell a global ‘pandemic’ with a ‘virus’ 
that doesn’t exist what will humans not believe if government and 
media tell them? 

All this is particularly relevant as I write with the Pentagon 
planning to release in June, 2021, information about ‘UFO sightings’. 
I have been following the UFO story since the early 1990s and the 
common theme throughout has been government and military 
denials and cover up. More recently, however, the Pentagon has 
suddenly become more talkative and apparently open with Air 
Force pilot radar images released of unexplained craft moving and 
changing direction at speeds well beyond anything believed possible 
with human technology. Then, in March, 2021, former Director of 
National Intelligence John Ratcliffe said a Pentagon report months 
later in June would reveal a great deal of information about UFO 
sightings unknown to the public. He said the report would have 
‘massive implications’. The order to do this was included bizarrely 


in a $2.3 trillion ‘coronavirus’ relief and government funding bill 
passed by the Trump administration at the end of 2020. I would add 
some serious notes of caution here. I have been pointing out since 
the 1990s that the US military and intelligence networks have long 
had craft — ‘flying saucers’ or anti-gravity craft — which any observer 
would take to be extraterrestrial in origin. Keeping this knowledge 
from the public allows craft flown by humans to be perceived as alien 
visitations. I am not saying that ‘aliens’ do not exist. I would be the 
last one to say that, but we have to be streetwise here. President 
Ronald Reagan told the UN General Assembly in 1987: ‘I 
occasionally think how quickly our differences worldwide would 
vanish if we were facing an alien threat from outside this world.’ 
That's the idea. Unite against a common ‘enemy’ with a common 
purpose behind your ‘saviour force’ (the Cult) as this age-old 
technique of mass manipulation goes global. 


Science moves this way... 

I could find only one other person who was discussing the 
simulation hypothesis publicly when I concluded it was real. This 
was Nick Bostrom, a Swedish-born philosopher at the University of 
Oxford, who has explored for many years the possibility that human 
reality is a computer simulation although his version and mine are 
not the same. Today the simulation and holographic reality 
hypothesis have increasingly entered the scientific mainstream. Well, 
the more open-minded mainstream, that is. Here are a few of the 
ever-gathering examples. American nuclear physicist Silas Beane led 
a team of physicists at the University of Bonn in Germany pursuing 
the question of whether we live in a simulation. They concluded that 
we probably do and it was likely based on a lattice of cubes. They 
found that cosmic rays align with that specific pattern. The team 
highlighted the Greisen—Zatsepin—Kuzmin (GZK) limit which refers 
to cosmic ray particle interaction with cosmic background radiation 
that creates an apparent boundary for cosmic ray particles. They say 
in a paper entitled ‘Constraints on the Universe as a Numerical 
Simulation’ that this ‘pattern of constraint’ is exactly what you 


would find with a computer simulation. They also made the point 
that a simulation would create its own ‘laws of physics’ that would 
limit possibility. I’ve been making the same point for decades that 
the perceived laws of physics relate only to this reality, or what I 
would later call the simulation. When designers write codes to create 
computer and virtual reality games they are the equivalent of the 
laws of physics for that game. Players interact within the limitations 
laid out by the coding. In the same way those who wrote the codes 
for the simulation decided the laws of physics that would apply. 
These can be overridden by expanded states of consciousness, but 
not by those enslaved in only five-sense awareness where simulation 
codes rule. Overriding the codes is what people call ‘miracles’. They 
are not. They are bypassing the encoded limits of the simulation. A 
population caught in simulation perception would have no idea that 
this was their plight. As the Bonn paper said: ‘Like a prisoner in a 
pitch-black cell we would not be able to see the “walls” of our 
prison,’ That’s true if people remain mesmerised by the five senses. 
Open to expanded awareness and those walls become very clear. The 
main one is the speed of light. 

American theoretical physicist James Gates is another who has 
explored the simulation question and found considerable evidence 
to support the idea. Gates was Professor of Physics at the University 
of Maryland, Director of The Center for String and Particle Theory, 
and on Barack Obama’s Council of Advisors on Science and 
Technology. He and his team found computer codes of digital data 
embedded in the fabric of our reality. They relate to on-off electrical 
charges of 1 and 0 in the binary system used by computers. “We have 
no idea what they are doing there’, Gates said. They found within 
the energetic fabric mathematical sequences known as error- 
correcting codes or block codes that ‘reboot’ data to its original state 
or ‘default settings’ when something knocks it out of sync. Gates was 
asked if he had found a set of equations embedded in our reality 
indistinguishable from those that drive search engines and browsers 
and he said: ‘That is correct.’ Rich Terrile, director of the Centre for 
Evolutionary Computation and Automated Design at NASA’s Jet 


Propulsion Laboratory, has said publicly that he believes the 
Universe is a digital hologram that must have been created by a form 
of intelligence. I agree with that in every way. Waveform information 
is delivered electrically by the senses to the brain which constructs a 
digital holographic reality that we call the ‘world’. This digital level 
of reality can be read by the esoteric art of numerology. Digital 
holograms are at the cutting edge of holographics today. We have 
digital technology everywhere designed to access and manipulate 
our digital level of perceived reality. Synthetic mRNA in ‘Covid 
vaccines’ has a digital component to manipulate the body’s digital 
‘operating system’. 


Reality is numbers 


How many know that our reality can be broken down to numbers 
and codes that are the same as computer games? Max Tegmark, a 
physicist at the Massachusetts Institute of Technology (MIT), is the 
author of Our Mathematical Universe in which he lays out how reality 
can be entirely described by numbers and maths in the way that a 
video game is encoded with the ‘physics’ of computer games. Our 
world and computer virtual reality are essentially the same. 
Tegmark imagines the perceptions of characters in an advanced 
computer game when the graphics are so good they don’t know they 
are in a game. They think they can bump into real objects 
(electromagnetic resistance in our reality), fall in love and feel 
emotions like excitement. When they began to study the apparently 
‘physical world’ of the video game they would realise that 
everything was made of pixels (which have been found in our 
energetic reality as must be the case when on one level our world is 
digital). What computer game characters thought was physical 
‘stuff’, Tegmark said, could actually be broken down into numbers: 


And we're exactly in this situation in our world. We look around and it doesn’t seem that 
mathematical at all, but everything we see is made out of elementary particles like quarks and 
electrons. And what properties does an electron have? Does it have a smell or a colour or a 
texture? No! ... We physicists have come up with geeky names for [Electron] properties, like 


electric charge, or spin, or lepton number, but the electron doesn’t care what we call it, the 
properties are just numbers. 


This is the illusory reality Gnostics were describing. This is the 
simulation. The A, C, G, and T codes of DNA have a binary value — 
A and C = 0 while G and T = 1. This has to be when the simulation is 
digital and the body must be digital to interact with it. Recurring 
mathematical sequences are encoded throughout reality and the 
body. They include the Fibonacci sequence in which the two 
previous numbers are added to get the next one, as in... 1, 1, 2, 3, 5, 
8, 13, 21, 34, 55, etc. The sequence is encoded in the human face and 
body, proportions of animals, DNA, seed heads, pine cones, trees, 
shells, spiral galaxies, hurricanes and the number of petals in a 
flower. The list goes on and on. There are fractal patterns — a ‘never- 
ending pattern that is infinitely complex and self-similar across all 
scales in the as above, so below, principle of holograms. These and 
other famous recurring geometrical and mathematical sequences 
such as Phi, Pi, Golden Mean, Golden Ratio and Golden Section are 
computer codes of the simulation. I had to laugh and give my head a 
shake the day I finished this book and it went into the production 
stage. I was sent an article in Scientific American published in April, 
2021, with the headline ‘Confirmed! We Live in a Simulation’. Two 
decades after I first said our reality is a simulation and the speed of 
light is it’s outer limit the article suggested that we do live ina 
simulation and that the speed of light is its outer limit. I left school at 
15 and never passed a major exam in my life while the writer was up 
to his eyes in qualifications. As I will explain in the final chapter 
knowing is far better than thinking and they come from very different 
sources. The article rightly connected the speed of light to the 
processing speed of the ‘Matrix’ and said what has been in my books 
all this time ... ‘If we are in a simulation, as it appears, then space is 
an abstract property written in code. It is not real’. No it’s not and if 
we live in a simulation something created it and it wasn’t us. ‘That 
David Icke says we are manipulated by aliens’ — he’s crackers.’ 


The reality that humanity thinks is so real is an illusion. Politicians, 
governments, scientists, doctors, academics, law enforcement, 
media, school and university curriculums, on and on, are all 
founded on a world that does not exist except as a simulated prison 
cell. Is it such a stretch to accept that “Covid’ doesn’t exist when our 
entire ‘physical’ reality doesn’t exist? Revealed here is the 
knowledge kept under raps in the Cult networks of 
compartmentalised secrecy to control humanity’s sense of reality by 
inducing the population to believe in a reality that’s not real. If it 
wasn’t so tragic in its experiential consequences the whole thing 
would be hysterically funny. None of this is new to Renegade Minds. 
Ancient Greek philosopher Plato (about 428 to about 347BC) was a 
major influence on Gnostic belief and he described the human plight 
thousands of years ago with his Allegory of the Cave. He told the 
symbolic story of prisoners living in a cave who had never been 
outside. They were chained and could only see one wall of the cave 
while behind them was a fire that they could not see. Figures walked 
past the fire casting shadows on the prisoners’ wall and those 
moving shadows became their sense of reality. Some prisoners began 
to study the shadows and were considered experts on them (today’s 
academics and scientists), but what they studied was only an illusion 
(today’s academics and scientists). A prisoner escaped from the cave 
and saw reality as it really is. When he returned to report this 
revelation they didn’t believe him, called him mad and threatened to 
kill him if he tried to set them free. Plato’s tale is not only a brilliant 
analogy of the human plight and our illusory reality. It describes, 
too, the dynamics of the ‘Covid’ hoax. I have only skimmed the 
surface of these subjects here. The aim of this book is to crisply 
connect all essential dots to put what is happening today into its true 
context. All subject areas and their connections in this chapter are 
covered in great evidential detail in Everything You Need To Know, 
But Have Never Been Told and The Answer. 


They say that bewildered people ‘can’t see the forest for the trees’. 
Humanity, however, can’t see the forest for the twigs. The five senses 


see only twigs while Renegade Minds can see the forest and it’s the 
forest where the answers lie with the connections that reveals. 
Breaking free of perceptual programming so the forest can be seen is 
the way we turn all this around. Not breaking free is how humanity 
got into this mess. The situation may seem hopeless, but I promise 
you it’s not. We are a perceptual heartbeat from paradise if only we 
knew. 


CHAPTER TWELVE 
Escaping Wetiko 


Life is simply a vacation from the infinite 
Dean Cavanagh 


enegade Minds weave the web of life and events and see 

common themes in the apparently random. They are always 
there if you look for them and their pursuit is aided by incredible 
synchronicity that comes when your mind is open rather than 
mesmerised by what it thinks it can see. 


Infinite awareness is infinite possibility and the more of infinite 
possibility that we access the more becomes infinitely possible. That 
may be stating the apparently obvious, but it is a devastatingly- 
powerful fact that can set us free. We are a point of attention within 
an infinity of consciousness. The question is how much of that 
infinity do we choose to access? How much knowledge, insight, 
awareness, wisdom, do we want to connect with and explore? If 
your focus is only in the five senses you will be influenced by a 
fraction of infinite awareness. I mean a range so tiny that it gives 
new meaning to infinitesimal. Limitation of self-identity and a sense 
of the possible limit accordingly your range of consciousness. We are 
what we think we are. Life is what we think it is. The dream is the 
dreamer and the dreamer is the dream. Buddhist philosophy puts it 
this way: ‘As a thing is viewed, so it appears.” Most humans live in 
the realm of touch, taste, see, hear, and smell and that’s the limit of 
their sense of the possible and sense of self. Many will follow a 
religion and speak of a God in his heaven, but their lives are still 


dominated by the five senses in their perceptions and actions. The 
five senses become the arbiter of everything. When that happens all 
except a smear of infinity is sealed away from influence by the rigid, 
unyielding, reality bubbles that are the five-sense human or 
Phantom Self. Archon Cult methodology is to isolate consciousness 
within five-sense reality — the simulation — and then program that 
consciousness with a sense of self and the world through a deluge of 
life-long information designed to instil the desired perception that 
allows global control. Efforts to do this have increased dramatically 
with identity politics as identity bubbles are squeezed into the 
minutiae of five-sense detail which disconnect people even more 
profoundly from the infinite ‘T’. 


Five-sense focus and self-identity are like a firewall that limits 
access to the infinite realms. You only perceive one radio or 
television station and no other. We’ll take that literally for a moment. 
Imagine a vast array of stations giving different information and 
angles on reality, but you only ever listen to one. Here we have the 
human plight in which the population is overwhelmingly confined 
to CultFM. This relates only to the frequency range of CultFM and 
limits perception and insight to that band — limits possibility to that 
band. It means you are connecting with an almost imperceptibly 
minuscule range of possibility and creative potential within the 
infinite Field. It’s a world where everything seems apart from 
everything else and where synchronicity is rare. Synchronicity is 
defined in the dictionary as ‘the happening by chance of two or more 
related or similar events at the same time’. Use of ‘by chance’ betrays 
a complete misunderstanding of reality. Synchronicity is not ‘by 
chance’. As people open their minds, or ‘awaken’ to use the term, 
they notice more and more coincidences in their lives, bits of ‘luck’, 
apparently miraculous happenings that put them in the right place 
at the right time with the right people. Days become peppered with 
‘fancy meeting you here’ and ‘what are the chances of that?” My 
entire life has been lived like this and ever more so since my own 
colossal awakening in 1990 and 91 which transformed my sense of 
reality. Synchronicity is not ‘by chance’; it is by accessing expanded 


realms of possibility which allow expanded potential for 
manifestation. People broadcasting the same vibe from the same 
openness of mind tend to be drawn ‘by chance’ to each other 
through what I call frequency magnetism and it’s not only people. In 
the last more than 30 years incredible synchronicity has also led me 
through the Cult maze to information in so many forms and to 
crucial personal experiences. These ‘coincidences’ have allowed me 
to put the puzzle pieces together across an enormous array of 
subjects and situations. Those who have breached the bubble of five- 
sense reality will know exactly what I mean and this escape from the 
perceptual prison cell is open to everyone whenever they make that 
choice. This may appear super-human when compared with the 
limitations of ‘human’, but it’s really our natural state. ‘Human’ as 
currently experienced is consciousness in an unnatural state of 
induced separation from the infinity of the whole. I’ll come to how 
this transformation into unity can be made when I have described in 
more detail the force that holds humanity in servitude by denying 
this access to infinite self. 


The Wetiko factor 


I have been talking and writing for decades about the way five-sense 
mind is systematically barricaded from expanded awareness. I have 
used the analogy of a computer (five-sense mind) and someone at 
the keyboard (expanded awareness). Interaction between the 
computer and the operator is symbolic of the interaction between 
five-sense mind and expanded awareness. The computer directly 
experiences the Internet and the operator experiences the Internet 
via the computer which is how it’s supposed to be — the two working 
as one. Archons seek to control that point where the operator 
connects with the computer to stop that interaction (Fig 20). Now the 
operator is banging the keyboard and clicking the mouse, but the 
computer is not responding and this happens when the computer is 
taken over — possessed — by an appropriately-named computer ‘virus’. 
The operator has lost all influence over the computer which goes its 
own way making decisions under the control of the ‘virus’. I have 


just described the dynamic through which the force known to 
Gnostics as Yaldabaoth and Archons disconnects five-sense mind 
from expanded awareness to imprison humanity in perceptual 
servitude. 
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Figure 20: The mind ‘virus’ | have been writing about for decades seeks to isolate five-sense 
mind (the computer) from the true ‘I’. (Image by Neil Hague). 


About a year ago I came across a Native American concept of 
Wetiko which describes precisely the same phenomenon. Wetiko is 
the spelling used by the Cree and there are other versions including 
wintiko and windigo used by other tribal groups. They spell the 
name with lower case, but I see Wetiko as a proper noun as with 
Archons and prefer a capital. I first saw an article about Wetiko by 
writer and researcher Paul Levy which so synced with what I had 
been writing about the computer/operator disconnection and later 
the Archons. I then read his book, the fascinating Dispelling Wetiko, 
Breaking the Spell of Evil. The parallels between what I had concluded 
long before and the Native American concept of Wetiko were so 
clear and obvious that it was almost funny. For Wetiko see the 
Gnostic Archons for sure and the Jinn, the Predators, and every 
other name for a force of evil, inversion and chaos. Wetiko is the 
Native American name for the force that divides the computer from 


the operator (Fig 21). Indigenous author Jack D. Forbes, a founder of 
the Native American movement in the 1960s, wrote another book 
about Wetiko entitled Columbus And Other Cannibals — The Wetiko 
Disease of Exploitation, Imperialism, and Terrorism which | also read. 
Forbes says that Wetiko refers to an evil person or spirit ‘who 
terrorizes other creatures by means of terrible acts, including 
cannibalism’. Zulu shaman Credo Mutwa told me that African 
accounts tell how cannibalism was brought into the world by the 
Chitauri ‘gods’ — another manifestation of Wetiko. The distinction 
between ‘evil person or spirit’ relates to Archons/Wetiko possessing 
a human or acting as pure consciousness. Wetiko is said to be a 
sickness of the soul or spirit and a state of being that takes but gives 
nothing back — the Cult and its operatives perfectly described. Black 
Hawk, a Native American war leader defending their lands from 
confiscation, said European invaders had ‘poisoned hearts’ — Wetiko 
hearts — and that this would spread to native societies. Mention of 
the heart is very significant as we shall shortly see. Forbes writes: 
‘Tragically, the history of the world for the past 2,000 years is, in 
ereat part, the story of the epidemiology of the wetiko disease.’ Yes, 
and much longer. Forbes is correct when he says: “The wetikos 
destroyed Egypt and Babylon and Athens and Rome and 
Tenochtitlan [capital of the Aztec empire] and perhaps now they will 
destroy the entire earth.’ Evil, he said, is the number one export of a 
Wetiko culture — see its globalisation with ‘Covid’. Constant war, 
mass murder, suffering of all kinds, child abuse, Satanism, torture 
and human sacrifice are all expressions of Wetiko and the Wetiko 
possessed. The world is Wetiko made manifest, but it doesn’t have to 
be. There is a way out of this even now. 


Figure 21: The mind ‘virus’ is known to Native Americans as ‘Wetiko’. (Image by Neil Hague). 


Wetiko is the Yaldabaoth frequency distortion that seeks to attach to 
human consciousness and absorb it into its own. Once this 
connection is made Wetiko can drive the perceptions of the target 
which they believe to be coming from their own mind. All the 
horrors of history and today from mass killers to Satanists, 
paedophiles like Jeffrey Epstein and other psychopaths, are the 
embodiment of Wetiko and express its state of being in all its 
erotesqueness. The Cult is Wetiko incarnate, Yaldabaoth incarnate, 
and it seeks to facilitate Wetiko assimilation of humanity in totality 
into its distortion by manipulating the population into low 
frequency states that match its own. Paul Levy writes: 
‘Holographically enforced within the psyche of every human being 
the wetiko virus pervades and underlies the entire field of 
consciousness, and can therefore potentially manifest through any 
one of us at any moment if we are not mindful.’ The ‘Covid’ hoax 
has achieved this with many people, but others have not fallen into 
Wetiko’s frequency lair. Players in the ‘Covid’ human catastrophe 
including Gates, Schwab, Tedros, Fauci, Whitty, Vallance, Johnson, 
Hancock, Ferguson, Drosten, and all the rest, including the 
psychopath psychologists, are expressions of Wetiko. This is why 


they have no compassion or empathy and no emotional consequence 
for what they do that would make them stop doing it. Observe all 
the people who support the psychopaths in authority against the 
Pushbackers despite the damaging impact the psychopaths have on 
their own lives and their family’s lives. You are again looking at 
Wetiko possession which prevents them seeing through the lies to 
the obvious scam going on. Why can’t they see it? Wetiko won't let 
them see it. The perceptual divide that has now become a chasm is 
between the Wetikoed and the non-Wetikoed. 


Paul Levy describes Wetiko in the same way that I have long 
described the Archontic force. They are the same distorted 
consciousness operating across dimensions of reality: ‘... the subtle 
body of wetiko is not located in the third dimension of space and 
time, literally existing in another dimension ... it is able to affect 
ordinary lives by mysteriously interpenetrating into our three- 
dimensional world.’ Wetiko does this through its incarnate 
representatives in the Cult and by weaving itself into The Field 
which on our level of reality is the electromagnetic information field 
of the simulation or Matrix. More than that, the simulation is Wetiko 
/ Yaldabaoth. Caleb Scharf, Director of Astrobiology at Columbia 
University, has speculated that ‘alien life’ could be so advanced that 
it has transcribed itself into the quantum realm to become what we 
call physics. He said intelligence indistinguishable from the fabric of 
the Universe would solve many of its greatest mysteries: 


Perhaps hyper-advanced life isn’t just external. Perhaps it’s already all around. It is embedded 
in what we perceive to be physics itself, from the root behaviour of particles and fields to the 
phenomena of complexity and emergence ... In other words, life might not just be in the 
equations. It might BE the equations [My emphasis]. 


Scharf said it is possible that ‘we don’t recognise advanced life 
because it forms an integral and unsuspicious part of what we’ve 
considered to be the natural world’. I agree. Wetiko/Yaldabaoth is the 
simulation. We are literally in the body of the beast. But that doesn’t 
mean it has to control us. We all have the power to overcome Wetiko 


influence and the Cult knows that. I doubt it sleeps too well because 
it knows that. 


This, I suggest, is how it all works. There are two Fields. One is the 
fierce electromagnetic light of the Matrix within the speed of light; 
the other is the ‘watery light’ of The Field beyond the walls of the 
Matrix that connects with the Great Infinity. Five-sense mind and the 
decoding systems of the body attach us to the Field of Matrix light. 
They have to or we could not experience this reality. Five-sense mind 
sees only the Matrix Field of information while our expanded 
consciousness is part of the Infinity Field. When we open our minds, 
and most importantly our hearts, to the Infinity Field we have a 
mission control which gives us an expanded perspective, a road 
map, to understand the nature of the five-sense world. If we are 
isolated only in five-sense mind there is no mission control. We’re on 
our own trying to understand a world that’s constantly feeding us 
information to ensure we do not understand. People in this state can 
feel ‘lost’ and bewildered with no direction or radar. You can see 
ever more clearly those who are influenced by the Fields of Big 
Infinity or little five-sense mind simply by their views and behaviour 
with regard to the ‘Covid’ hoax. We have had this division 
throughout known human history with the mass of the people on 
one side and individuals who could see and intuit beyond the walls 
of the simulation — Plato’s prisoner who broke out of the cave and 
saw reality for what it is. Such people have always been targeted by 
Wetiko/Archon-possessed authority, burned at the stake or 
demonised as mad, bad and dangerous. The Cult today and its 
global network of ‘anti-hate’, ‘anti-fascist’ Woke groups are all 
expressions of Wetiko attacking those exposing the conspiracy, 
‘Covid’ lies and the ‘vaccine’ agenda. 

Woke as a whole is Wetiko which explains its black and white 
mentality and how at one it is with the Wetiko-possessed Cult. Paul 
Levy said: ‘To be in this paradigm is to still be under the thrall of a 
two-valued logic — where things are either true or false — of a 


wetikoized mind.’ Wetiko consciousness is in a permanent rage, 
therefore so is Woke, and then there is Woke inversion and 
contradiction. ‘Anti-fascists’ act like fascists because fascists and ‘anti- 
fascists’ are both Wetiko at work. Political parties act the same while 
claiming to be different for the same reason. Secret society and 
satanic rituals are attaching initiates to Wetiko and the cold, ruthless, 
psychopathic mentality that secures the positions of power all over 
the world is Wetiko. Reframing ‘training programmes’ have the 
same cumulative effect of attaching Wetiko and we have their 
graduates described as automatons and robots with a cold, 
psychopathic, uncaring demeanour. They are all traits of Wetiko 
possession and look how many times they have been described in 
this book and elsewhere with regard to personnel behind ‘Covid’ 
including the police and medical profession. Climbing the greasy 
pole in any profession in a Wetiko society requires traits of Wetiko to 
get there and that is particularly true of politics which is not about 
fair competition and pre-eminence of ideas. It is founded on how 
many backs you can stab and arses you can lick. This culminated in 
the global ‘Covid’ coordination between the Wetiko possessed who 
pulled it off in all the different countries without a trace of empathy 
and compassion for their impact on humans. Our sight sense can see 
only holographic form and not the Field which connects holographic 
form. Therefore we perceive ‘physical’ objects with ‘space’ in 
between. In fact that ‘space’ is energy/consciousness operating on 
multiple frequencies. One of them is Wetiko and that connects the 
Cult psychopaths, those who submit to the psychopaths, and those 
who serve the psychopaths in the media operations of the world. 
Wetiko is Gates. Wetiko is the mask-wearing submissive. Wetiko is 
the fake journalist and “‘fact-checker’. The Wetiko Field is 
coordinating the whole thing. Psychopaths, gofers, media 
operatives, ‘anti-hate’ hate groups, ‘fact-checkers’ and submissive 
people work as one unit even without human coordination because they 
are attached to the same Field which is organising it all (Fig 22). Paul 
Levy is here describing how Wetiko-possessed people are drawn 
together and refuse to let any information breach their rigid 


perceptions. He was writing long before ‘Covid’, but I think you will 
recognise followers of the ‘Covid’ religion oh just a little bit: 


People who are channelling the vibratory frequency of wetiko align with each other through 
psychic resonance to reinforce their unspoken shared agreement so as to uphold their 
deranged view of reality. Once an unconscious content takes possession of certain 
individuals, it irresistibly draws them together by mutual attraction and knits them into groups 
tied together by their shared madness that can easily swell into an avalanche of insanity. 


A psychic epidemic is a closed system, which is to say that it is insular and not open to any 
new information or informing influences from the outside world which contradict its fixed, 
limited, and limiting perspective. 


There we have the Woke mind and the ‘Covid’ mind. Compatible 
resonance draws the awakening together, too, which is clearly 
happening today. 


THE WETIKO FIELD 


WETIKO MANIPULATION 
OF THE ENERGETIC 
WAVEFIELD 


Figure 22: The Wetiko Field from which the Cult pyramid and its personnel are made 
manifest. (Image by Neil Hague). 


Wetiko doesn’t care about humans. It’s not human; it just possesses 
humans for its own ends and the effect (depending on the scale of 


possession) can be anything from extreme psychopathy to 
unquestioning obedience. Wetiko’s worst nightmare is for human 
consciousness to expand beyond the simulation. Everything is 
focussed on stopping that happening through control of 
information, thus perception, thus frequency. The ‘education 
system’, media, science, medicine, academia, are all geared to 
maintaining humanity in five-sense servitude as is the constant 
stimulation of low-vibrational mental and emotional states (see 
‘Covid’). Wetiko seeks to dominate those subconscious spaces 
between five-sense perception and expanded consciousness where 
the computer meets the operator. From these subconscious hiding 
places Wetiko speaks to us to trigger urges and desires that we take 
to be our own and manipulate us into anything from low-vibrational 
to psychopathic states. Remember how Islam describes the Jinn as 
invisible tricksters that ‘whisper’ and confuse. Wetiko is the origin of 
the ‘trickster god’ theme that you find in cultures all over the world. 
Jinn, like the Archons, are Wetiko which is terrified of humans 
awakening and reconnecting with our true self for then its energy 
source has gone. With that the feedback loop breaks between Wetiko 
and human perception that provides the energetic momentum on 
which its very existence depends as a force of evil. Humans are both 
its target and its source of survival, but only if we are operating in 
low-vibrational states of fear, hate, depression and the background 
anxiety that most people suffer. We are Wetiko’s target because we 
are its key to survival. It needs us, not the other way round. Paul 
Levy writes: 


A vampire has no intrinsic, independent, substantial existence in its own right; it only exists in 
relation to us. The pathogenic, vampiric mind-parasite called wetiko is nothing in itself — not 
being able to exist from its own side — yet it has a ‘virtual reality’ such that it can potentially 
destroy our species ... 


... The fact that a vampire is not reflected by a mirror can also mean that what we need to see 
is that there’s nothing, no-thing to see, other than ourselves. The fact that wetiko is the 
expression of something inside of us means that the cure for wetiko is with us as well. The 
critical issue is finding this cure within us and then putting it into effect. 


Evil begets evil because if evil does not constantly expand and 
find new sources of energetic sustenance its evil, its distortion, dies 
with the assimilation into balance and harmony. Love is the garlic to 
Wetiko’s vampire. Evil, the absence of love, cannot exist in the 
presence of love. I think I see a way out of here. I have emphasised 
so many times over the decades that the Archons/Wetiko and their 
Cult are not all powerful. They are not. I don’t care how it looks even 
now they are not. I have not called them little boys in short trousers 
for effect. I have said it because it is true. Wetiko’s insatiable desire 
for power over others is not a sign of its omnipotence, but its 
insecurity. Paul Levy writes: “Due to the primal fear which 
ultimately drives it and which it is driven to cultivate, wetiko’s body 
politic has an intrinsic and insistent need for centralising power and 
control so as to create imagined safety for itself.’ Yeeeeeees! Exactly! 
Why does Wetiko want humans in an ongoing state of fear? Wetiko 
itself is fear and it is petrified of love. As evil is an absence of love, so 
love is an absence of fear. Love conquers all and especially Wetiko 
which is fear. Wetiko brought fear into the world when it wasn’t here 
before. Fear was the ‘fall’, the fall into low-frequency ignorance and 
illusion — fear is False Emotion Appearing Real. The simulation is 
driven and energised by fear because Wetiko/Yaldabaoth (fear) are 
the simulation. Fear is the absence of love and Wetiko is the absence 
of love. 


We can now view current events from this level of perspective. The 
‘Covid’ hoax has generated momentous amounts of ongoing fear, 
anxiety, depression and despair which have empowered Wetiko. No 
wonder people like Gates have been the instigators when they are 
Wetiko incarnate and exhibit every trait of Wetiko in the extreme. 
See how cold and unemotional these people are like Gates and his 
cronies, how dead of eye they are. That’s Wetiko. Sabbatians are 
Wetiko and everything they control including the World Health 
Organization, Big Pharma and the ‘vaccine’ makers, national ‘health’ 


hierarchies, corporate media, Silicon Valley, the banking system, and 
the United Nations with its planned transformation into world 
government. All are controlled and possessed by the Wetiko 
distortion into distorting human society in its image. We are with 
this knowledge at the gateway to understanding the world. 
Divisions of race, culture, creed and sexuality are diversions to hide 
the real division between those possessed and influenced by Wetiko 
and those that are not. The ‘Covid’ hoax has brought both clearly 
into view. Human behaviour is not about race. Tyrants and 
dictatorships come in all colours and creeds. What unites the US 
president bombing the innocent and an African tribe committing 
genocide against another as in Rwanda? What unites them? Wetiko. 
All wars are Wetiko, all genocide is Wetiko, all hunger over centuries 
in a world of plenty is Wetiko. Children going to bed hungry, 
including in the West, is Wetiko. Cult-generated Woke racial 
divisions that focus on the body are designed to obscure the reality 
that divisions in behaviour are manifestations of mind, not body. 
Obsession with body identity and group judgement is a means to 
divert attention from the real source of behaviour — mind and 
perception. Conflict sown by the Woke both within themselves and 
with their target groups are Wetiko providing lunch for itself 
through still more agents of the division, chaos, and fear on which it 
feeds. The Cult is seeking to assimilate the entirety of humanity and 
all children and young people into the Wetiko frequency by 
manipulating them into states of fear and despair. Witness all the 
suicide and psychological unravelling since the spring of 2020. 
Wetiko psychopaths want to impose a state of unquestioning 
obedience to authority which is no more than a conduit for Wetiko to 
enforce its will and assimilate humanity into itself. It needs us to 
believe that resistance is futile when it fears resistance and even 
more so the game-changing non-cooperation with its impositions. It 
can use violent resistance for its benefit. Violent impositions and 
violent resistance are both Wetiko. The Power of Love with its Power 
of No will sweep Wetiko from our world. Wetiko and its Cult know 
that. They just don’t want us to know. 


This brings me to AI or artificial intelligence and something else 
Wetikos don’t want us to know. What is AI really? I know about 
computer code algorithms and AI that learns from data input. These, 
however, are more diversions, the expeditionary force, for the real Al 
that they want to connect to the human brain as promoted by Silicon 
Valley Wetikos like Kurzweil. What is this AI? It is the frequency of 
Wetiko, the frequency of the Archons. The connection of AI to the 
human brain is the connection of the Wetiko frequency to create a 
Wetiko hive mind and complete the job of assimilation. The hive 
mind is planned to be controlled from Israel and China which are 
both 100 percent owned by Wetiko Sabbatians. The assimilation 
process has been going on minute by minute in the ‘smart’ era which 
fused with the ‘Covid’ era. We are told that social media is 
scrambling the minds of the young and changing their personality. 
This is true, but what is social media? Look more deeply at how it 
works, how it creates divisions and conflict, the hostility and cruelty, 
the targeting of people until they are destroyed. That’s Wetiko. Social 
media is manipulated to tune people to the Wetiko frequency with 
all the emotional exploitation tricks employed by platforms like 
Facebook and its Wetiko front man, Zuckerberg. Facebook’s 
Instagram announced a new platform for children to overcome a 
legal bar on them using the main site. This is more Wetiko 
exploitation and manipulation of kids. Amnesty International 
likened the plan to foxes offering to guard the henhouse and said it 
was incompatible with human rights. Since when did Wetiko or 
Zuckerberg (I repeat myself) care about that? Would Brin and Page 
at Google, Wojcicki at YouTube, Bezos at Amazon and whoever the 
hell runs Twitter act as they do if they were not channelling Wetiko? 
Would those who are developing technologies for no other reason 
than human control? How about those designing and selling 
technologies to kill people and Big Pharma drug and ‘vaccine’ 
producers who know they will end or devastate lives? Quite a 
thought for these people to consider is that if you are Wetiko in a 
human life you are Wetiko on the ‘other side’ unless your frequency 


changes and that can only change by a change of perception which 
becomes a change of behaviour. Where Gates is going does not bear 
thinking about although perhaps that’s exactly where he wants to go. 
Either way, that’s where he’s going. His frequency will make it so. 


The frequency lair 

I have been saying for a long time that a big part of the addiction to 
smartphones and devices is that a frequency is coming off them that 
entraps the mind. People spend ages on their phones and sometimes 
even a minute or so after they put them down they pick them up 
again and it all repeats. ‘Covid’ lockdowns will have increased this 
addiction a million times for obvious reasons. Addictions to alcohol 
overindulgence and drugs are another way that Wetiko entraps 
consciousness to attach to its own. Both are symptoms of low- 
vibrational psychological distress which alcoholism and drug 
addiction further compound. Do we think it’s really a coincidence 
that access to them is made so easy while potions that can take 
people into realms beyond the simulation are banned and illegal? I 
have explored smartphone addiction in other books, the scale is 
mind-blowing, and that level of addiction does not come without 
help. Tech companies that make these phones are Wetiko and they 
will have no qualms about destroying the minds of children. We are 
seeing again with these companies the Wetiko perceptual 
combination of psychopathic enforcers and weak and meek 
unquestioning compliance by the rank and file. 

The global Smart Grid is the Wetiko Grid and it is crucial to 
complete the Cult endgame. The simulation is radiation and we are 
being deluged with technological radiation on a devastating scale. 
Wetiko frauds like Elon Musk serve Cult interests while occasionally 
criticising them to maintain his street-cred. 5G and other forms of 
Wi-Fi are being directed at the earth from space on a volume and 
scale that goes on increasing by the day. Elon Musk’s (officially) 
SpaceX Starlink project is in the process of putting tens of thousands 
of satellites in low orbit to cover every inch of the planet with 5G 
and other Wi-Fi to create Kurzweil’s global ‘cloud’ to which the 


human mind is planned to be attached very soon. SpaceX has 
approval to operate 12,000 satellites with more than 1,300 launched 
at the time of writing and applications filed for 30,000 more. Other 
operators in the Wi-Fi, 5G, low-orbit satellite market include 
OneWeb (UK), Telesat (Canada), and AST & Science (US). Musk tells 
us that AI could be the end of humanity and then launches a 
company called Neuralink to connect the human brain to computers. 
Musk’s (in theory) Tesla company is building electric cars and the 
driverless vehicles of the smart control grid. As frauds and 
bullshitters go Elon Musk in my opinion is Major League. 


5G and technological radiation in general are destructive to 
human health, genetics and psychology and increasing the strength 
of artificial radiation underpins the five-sense perceptual bubbles 
which are themselves expressions of radiation or electromagnetism. 
Freedom activist John Whitehead was so right with his ‘databit by 
databit, we are building our own electronic concentration camps’. 
The Smart Grid and 5G is a means to control the human mind and 
infuse perceptual information into The Field to influence anyone in 
sync with its frequency. You can change perception and behaviour 
en masse if you can manipulate the population into those levels of 
frequency and this is happening all around us today. The arrogance 
of Musk and his fellow Cult operatives knows no bounds in the way 
that we see with Gates. Musk’s satellites are so many in number 
already they are changing the night sky when viewed from Earth. 
The astronomy community has complained about this and they have 
seen nothing yet. Some consequences of Musk’s Wetiko hubris 
include: Radiation; visible pollution of the night sky; interference 
with astronomy and meteorology; ground and water pollution from 
intensive use of increasingly many spaceports; accumulating space 
debris; continual deorbiting and burning up of aging satellites, 
polluting the atmosphere with toxic dust and smoke; and ever- 
increasing likelihood of collisions. A collective public open letter of 
complaint to Musk said: 


We are writing to you ... because SpaceX is in process of surrounding the Earth with a 
network of thousands of satellites whose very purpose is to irradiate every square inch of the 


Earth. SpaceX, like everyone else, is treating the radiation as if it were not there. As if the 
mitochondria in our cells do not depend on electrons moving undisturbed from the food we 
digest to the oxygen we breathe. 


As if our nervous systems and our hearts are not subject to radio frequency interference like 
any piece of electronic equipment. As if the cancer, diabetes, and heart disease that now 
afflict a majority of the Earth’s population are not metabolic diseases that result from 
interference with our cellular machinery. As if insects everywhere, and the birds and animals 
that eat them, are not starving to death as a result. 


People like Musk and Gates believe in their limitless Wetiko 
arrogance that they can do whatever they like to the world because 
they own it. Consequences for humanity are irrelevant. It’s 
absolutely time that we stopped taking this shit from these self- 
styled masters of the Earth when you consider where this is going. 


Why is the Cult so anti-human? 

I hear this question often: Why would they do this when it will affect 
them, too? Ah, but will it? Who is this them? Forget their bodies. 
They are just vehicles for Wetiko consciousness. When you break it 
all down to the foundations we are looking at a state of severely 
distorted consciousness targeting another state of consciousness for 
assimilation. The rest is detail. The simulation is the fly-trap in 
which unique sensations of the five senses create a cycle of addiction 
called reincarnation. Renegade Minds see that everything which 
happens in our reality is a smaller version of the whole picture in 
line with the holographic principle. Addiction to the radiation of 
smart technology is a smaller version of addiction to the whole 
simulation. Connecting the body/brain to AI is taking that addiction 
on a giant step further to total ongoing control by assimilating 
human incarnate consciousness into Wetiko. I have watched during 
the ‘Covid’ hoax how many are becoming ever more profoundly 
attached to Wetiko’s perceptual calling cards of aggressive response 
to any other point of view (‘There is no other god but me’), 
psychopathic lack of compassion and empathy, and servile 
submission to the narrative and will of authority. Wetiko is the 
psychopaths and subservience to psychopaths. The Cult of Wetiko is 


so anti-human because it is not human. It embarked on a mission to 
destroy human by targeting everything that it means to be human 
and to survive as human. ‘Covid’ is not the end, just a means to an 
end. The Cult with its Wetiko consciousness is seeking to change 
Earth systems, including the atmosphere, to suit them, not humans. 
The gathering bombardment of 5G alone from ground and space is 
dramatically changing The Field with which the five senses interact. 
There is so much more to come if we sit on our hands and hope it 
will all go away. It is not meant to go away. It is meant to get ever 
more extreme and we need to face that while we still can — just. 


Carbon dioxide is the gas of life. Without that human is over. 
Kaput, gone, history. No natural world, no human. The Cult has 
created a cock and bull story about carbon dioxide and climate 
change to justify its reduction to the point where Gates and the 
ignoramus Biden ‘climate chief’ John Kerry want to suck it out of the 
atmosphere. Kerry wants to do this because his master Gates does. 
Wetikos have made the gas of life a demon with the usual support 
from the Wokers of Extinction Rebellion and similar organisations 
and the bewildered puppet-child that is Greta Thunberg who was 
put on the world stage by Klaus Schwab and the World Economic 
Forum. The name Extinction Rebellion is both ironic and as always 
Wetiko inversion. The gas that we need to survive must be reduced 
to save us from extinction. The most basic need of human is oxygen 
and we now have billions walking around in face nappies depriving 
body and brain of this essential requirement of human existence. 
More than that 5G at 60 gigahertz interacts with the oxygen 
molecule to reduce the amount of oxygen the body can absorb into 
the bloodstream. The obvious knock-on consequences of that for 
respiratory and cognitive problems and life itself need no further 
explanation. Psychopaths like Musk are assembling a global system 
of satellites to deluge the human atmosphere with this insanity. The 
man should be in jail. Here we have two most basic of human needs, 
oxygen and carbon dioxide, being dismantled. 


Two others, water and food, are getting similar treatment with the 
United Nations Agendas 21 and 2030 — the Great Reset — planning to 


centrally control all water and food supplies. People will not even 
own rain water that falls on their land. Food is affected at the most 
basic level by reducing carbon dioxide. We have genetic modification 
or GMO infiltrating the food chain on a mass scale, pesticides and 
herbicides polluting the air and destroying the soil. Freshwater fish 
that provide livelihoods for 60 million people and feed hundreds of 
millions worldwide are being ‘pushed to the brink’ according the 
conservationists while climate change is the only focus. Now we 
have Gates and Schwab wanting to dispense with current food 
sources all together and replace them with a synthetic version which 
the Wetiko Cult would control in terms of production and who eats 
and who doesn’t. We have been on the Totalitarian Tiptoe to this for 
more than 60 years as food has become ever more processed and full 
of chemical shite to the point today when it’s not natural food at all. 
As Dr Tom Cowan says: ‘If it has a label don’t eat it.’ Bill Gates is 
now the biggest owner of farmland in the United States and he does 
nothing without an ulterior motive involving the Cult. Klaus Schwab 
wrote: ‘To feed the world in the next 50 years we will need to 
produce as much food as was produced in the last 10,000 years ... 
food security will only be achieved, however, if regulations on 
genetically modified foods are adapted to reflect the reality that gene 
editing offers a precise, efficient and safe method of improving 
crops.’ Liar. People and the world are being targeted with 
aluminium through vaccines, chemtrails, food, drink cans, and 
endless other sources when aluminium has been linked to many 
health issues including dementia which is increasing year after year. 
Insects, bees and wildlife essential to the food chain are being 
deleted by pesticides, herbicides and radiation which 5G is 
dramatically increasing with 6G and 7G to come. The pollinating bee 
population is being devastated while wildlife including birds, 
dolphins and whales are having their natural radar blocked by the 
effects of ever-increasing radiation. In the summer windscreens used 
to be splattered with insects so numerous were they. It doesn’t 
happen now. Where have they gone? 


Synthetic everything 

The Cult is introducing genetically-modified versions of trees, plants 
and insects including a Gates-funded project to unleash hundreds of 
millions of genetically-modified, lab-altered and patented male 
mosquitoes to mate with wild mosquitoes and induce genetic flaws 
that cause them to die out. Clinically-insane Gates-funded Japanese 
researchers have developed mosquitos that spread vaccine and are 
dubbed ‘flying vaccinators’. Gates is funding the modification of 
weather patterns in part to sell the myth that this is caused by carbon 
dioxide and he’s funding geoengineering of the skies to change the 
atmosphere. Some of this came to light with the Gates-backed plan 
to release tonnes of chalk into the atmosphere to ‘deflect the Sun and 
cool the planet’. Funny how they do this while the heating effect of 
the Sun is not factored into climate projections focussed on carbon 
dioxide. The reason is that they want to reduce carbon dioxide (so 
don’t mention the Sun), but at the same time they do want to reduce 
the impact of the Sun which is so essential to human life and health. 
I have mentioned the sun-cholesterol-vitamin D connection as they 
demonise the Sun with warnings about skin cancer (caused by the 
chemicals in sun cream they tell you to splash on). They come from 
the other end of the process with statin drugs to reduce cholesterol 
that turns sunlight into vitamin D. A lack of vitamin D leads to a 
long list of health effects and how vitamin D levels must have fallen 
with people confined to their homes over ‘Covid’. Gates is funding 
other forms of geoengineering and most importantly chemtrails 
which are dropping heavy metals, aluminium and self-replicating 
nanotechnology onto the Earth which is killing the natural world. 
See Everything You Need To Know, But Have Never Been Told for the 
detailed background to this. 

Every human system is being targeted for deletion by a force that’s 
not human. The Wetiko Cult has embarked on the process of 
transforming the human body from biological to synthetic biological 
as I have explained. Biological is being replaced by the artificial and 
synthetic — Archontic ‘countermimicry’ — right across human society. 
The plan eventually is to dispense with the human body altogether 


and absorb human consciousness — which it wouldn't really be by 
then — into cyberspace (the simulation which is Wetiko/Yaldabaoth). 
Preparations for that are already happening if people would care to 
look. The alternative media rightly warns about globalism and ‘the 
globalists’, but this is far bigger than that and represents the end of 
the human race as we know it. The ‘bad copy’ of prime reality that 
Gnostics describe was a bad copy of harmony, wonder and beauty to 
start with before Wetiko/Yaldabaoth set out to change the simulated 
‘copy’ into something very different. The process was slow to start 
with. Entrapped humans in the simulation timeline were not 
technologically aware and they had to be brought up to intellectual 
speed while being suppressed spiritually to the point where they 
could build their own prison while having no idea they were doing 
so. We have now reached that stage where technological intellect has 
the potential to destroy us and that’s why events are moving so fast. 
Central American shaman Don Juan Matus said: 


Think for a moment, and tell me how you would explain the contradictions between the 
intelligence of man the engineer and the stupidity of his systems of belief, or the stupidity of 
his contradictory behaviour. Sorcerers believe that the predators have given us our systems of 
beliefs, our ideas of good and evil; our social mores. They are the ones who set up our dreams 
of success or failure. They have given us covetousness, greed, and cowardice. It is the 
predator who makes us complacent, routinary, and egomaniacal. 


In order to keep us obedient and meek and weak, the predators engaged themselves in a 
stupendous manoeuvre — stupendous, of course, from the point of view of a fighting strategist; 
a horrendous manoeuvre from the point of those who suffer it. They gave us their mind. The 
predators’ mind is baroque, contradictory, morose, filled with the fear of being discovered any 
minute now. 


For ‘predators’ see Wetiko, Archons, Yaldabaoth, Jinn, and all the 
other versions of the same phenomenon in cultures and religions all 
over the world. The theme is always the same because it’s true and 
it’s real. We have reached the point where we have to deal with it. 
The question is — how? 


I thought I’d use a controversial subheading to get things moving in 
terms of our response to global fascism. What do you mean ‘don’t 
fight’? What do you mean ‘walk away’? We've got to fight. We can’t 
walk away. Well, it depends what we mean by fight and walk away. 
If fighting means physical combat we are playing Wetiko’s game and 
falling for its trap. It wants us to get angry, aggressive, and direct 
hate and hostility at the enemy we think we must fight. Every war, 
every battle, every conflict, has been fought with Wetiko leading 
both sides. It’s what it does. Wetiko wants a fight, anywhere, any 
place. Just hit me, son, so I can hit you back. Wetiko hits Wetiko and 
Wetiko hits Wetiko in return. Iam very forthright as you can see in 
exposing Wetikos of the Cult, but I don’t hate them. I refuse to hate 
them. It’s what they want. What you hate you become. What you 
fight you become. Wokers, ‘anti-haters’ and ‘anti-fascists’ prove this 
every time they reach for their keyboards or don their balaclavas. By 
walk away I mean to disengage from Wetiko which includes ceasing 
to cooperate with its tyranny. Paul Levy says of Wetiko: 


The way to ‘defeat’ evil is not to try to destroy it (for then, in playing evil’s game, we have 
already lost), but rather, to find the invulnerable place within ourselves where evil is unable to 
vanquish us — this is to truly ‘win’ our battle with evil. 


Wetiko is everywhere in human society and it’s been on steroids 
since the ‘Covid’ hoax. Every shouting match over wearing masks 
has Wetiko wearing a mask and Wetiko not wearing one. It’s an 
electrical circuit of push and resist, push and resist, with Wetiko 
pushing and resisting. Each polarity is Wetiko empowering itself. 
Dictionary definitions of ‘resist’ include ‘opposing, refusing to accept 
or comply with’ and the word to focus on is ‘opposing’. What form 
does this take — setting police cars alight or ‘refusing to accept or 
comply with’? The former is Wetiko opposing Wetiko while the 
other points the way forward. This is the difference between those 
aggressively demanding that government fascism must be obeyed 
who stand in stark contrast to the great majority of Pushbackers. We 
saw this clearly with a march by thousands of Pushbackers against 
lockdown in London followed days later by a Woker-hijacked 


protest in Bristol in which police cars were set on fire. Masks were 
virtually absent in London and widespread in Bristol. Wetiko wants 
lockdown on every level of society and infuses its aggression to 
police it through its unknowing stooges. Lockdown protesters are 
the ones with the smiling faces and the hugs, The two blatantly 
obvious states of being — getting more obvious by the day — are the 
result of Wokers and their like becoming ever more influenced by 
the simulation Field of Wetiko and Pushbackers ever more 
influenced by The Field of a far higher vibration beyond the 
simulation. Wetiko can’t invade the heart which is where most 
lockdown opponents are coming from. It’s the heart that allows them 
to see through the lies to the truth in ways I will be highlighting. 


Renegade Minds know that calmness is the place from which 
wisdom comes. You won’t find wisdom in a hissing fit and wisdom 
is what we need in abundance right now. Calmness is not weakness 
— you don’t have to scream at the top of your voice to be strong. 
Calmness is indeed a sign of strength. ‘No’ means I’m not doing it. 
NOOOO!!! doesn’t mean you're not doing it even more. Volume 
does not advance ‘No — I’m not doing it’. You are just not doing it. 
Wetiko possessed and influenced don’t know how to deal with that. 
Wetiko wants a fight and we should not give it one. What it needs 
more than anything is our cooperation and we should not give that 
either. Mass rallies and marches are great in that they are a visual 
representation of feeling, but if it ends there they are irrelevant. You 
demand that Wetikos act differently? Well, they’re not going to are 
they? They are Wetikos. We don’t need to waste our time demanding 
that something doesn’t happen when that will make no difference. 
We need to delete the means that allows it to happen. This, invariably, 
is our cooperation. You can demand a child stop firing a peashooter 
at the dog or you can refuse to buy the peashooter. If you provide 
the means you are cooperating with the dog being smacked on the 
nose with a pea. How can the authorities enforce mask-wearing if 
millions in a country refuse? What if the 74 million Pushbackers that 
voted for Trump in 2020 refused to wear masks, close their 
businesses or stay in their homes. It would be unenforceable. The 


few control the many through the compliance of the many and that’s 
always been the dynamic be it ‘Covid’ regulations or the Roman 
Empire. I know people can find it intimidating to say no to authority 
or stand out in a crowd for being the only one with a face on display; 
but it has to be done or it’s over. I hope I’ve made clear in this book 
that where this is going will be far more intimidating than standing 
up now and saying ‘No’ — I will not cooperate with my own 
enslavement and that of my children. There might be consequences 
for some initially, although not so if enough do the same. The 
question that must be addressed is what is going to happen if we 
don’t? It is time to be strong and unyieldingly so. No means no. Not 
here and there, but everywhere and always. I have refused to wear a 
mask and obey all the other nonsense. I will not comply with 
tyranny. I repeat: Fascism is not imposed by fascists — there are never 
enough of them. Fascism is imposed by the population acquiescing 
to fascism. I will not do it. I will die first, or my body will. Living 
meekly under fascism is a form of death anyway, the death of the 
spirit that Martin Luther King described. 


Making things happen 

We must not despair. This is not over till it’s over and it’s far from 
that. The ‘fat lady’ must refuse to sing. The longer the ‘Covid’ hoax 
has dragged on and impacted on more lives we have seen an 
awakening of phenomenal numbers of people worldwide to the 
realisation that what they have believed all their lives is not how the 
world really is. Research published by the system-serving University 
of Bristol and King’s College London in February, 2021, concluded: 
‘One in every 11 people in Britain say they trust David Icke’s take on 
the coronavirus pandemic.’ It will be more by now and we have 
gathering numbers to build on. We must urgently progress from 
seeing the scam to ceasing to cooperate with it. Prominent German 
lawyer Reiner Fuellmich, also licenced to practice law in America, is 
doing a magnificent job taking the legal route to bring the 
psychopaths to justice through a second Nuremberg tribunal for 
crimes against humanity. Fuellmich has an impressive record of 


beating the elite in court and he formed the German Corona 
Investigative Committee to pursue civil charges against the main 
perpetrators with a view to triggering criminal charges. Most 
importantly he has grasped the foundation of the hoax — the PCR 
test not testing for the ‘virus’ — and Christian Drosten is therefore on 
his charge sheet along with Gates frontman Tedros at the World 
Health Organization. Major players must be not be allowed to inflict 
their horrors on the human race without being brought to book. A 
life sentence must follow for Bill Gates and the rest of them. A group 
of researchers has also indicted the government of Norway for 
crimes against humanity with copies sent to the police and the 
International Criminal Court. The lawsuit cites participation in an 
internationally-planned false pandemic and violation of 
international law and human rights, the European Commission’s 
definition of human rights by coercive rules, Nuremberg and Hague 
rules on fundamental human rights, and the Norwegian 
constitution. We must take the initiative from hereon and not just 
complain, protest and react. 


There are practical ways to support vital mass non-cooperation. 
Organising in numbers is one. Lockdown marches in London in the 
spring in 2021 were mass non-cooperation that the authorities could 
not stop. There were too many people. Hundreds of thousands 
walked the London streets in the centre of the road for mile after 
mile while the Face-Nappies could only look on. They were 
determined, but calm, and just did it with no histrionics and lots of 
smiles. The police were impotent. Others are organising group 
shopping without masks for mutual support and imagine if that was 
happening all over. Policing it would be impossible. If the store 
refuses to serve people in these circumstances they would be faced 
with a long line of trolleys full of goods standing on their own and 
everything would have to be returned to the shelves. How would 
they cope with that if it kept happening? I am talking here about 
moving on from complaining to being pro-active; from watching 
things happen to making things happen. I include in this our 
relationship with the police. The behaviour of many Face-Nappies 


has been disgraceful and anyone who thinks they would never find 
concentration camp guards in the ‘enlightened’ modern era have 
had that myth busted big-time. The period and setting may change — 
Wetikos never do. I watched film footage from a London march in 
which a police thug viciously kicked a protestor on the floor who 
had done nothing. His fellow Face-Nappies stood in a ring 
protecting him. What he did was a criminal assault and with a 
crowd far outnumbering the police this can no longer be allowed to 
happen unchallenged. I get it when people chant ‘shame on you’ in 
these circumstances, but that is no longer enough. They have no 
shame those who do this. Crowds needs to start making a citizen’s 
arrest of the police who commit criminal offences and brutally attack 
innocent people and defenceless women. A citizen’s arrest can be 
made under section 24A of the UK Police and Criminal Evidence 
(PACE) Act of 1984 and you will find something similar in other 
countries. I prefer to call it a Common Law arrest rather than 
citizen’s for reasons I will come to shortly. Anyone can arrest a 
person committing an indictable offence or if they have reasonable 
grounds to suspect they are committing an indictable offence. On 
both counts the attack by the police thug would have fallen into this 
category. A citizen’s arrest can be made to stop someone: 


¢ Causing physical injury to himself or any other person 

e Suffering physical injury 

e Causing loss of or damage to property 

e Making off before a constable can assume responsibility for him 


A citizen’s arrest may also be made to prevent a breach of the 
peace under Common Law and if they believe a breach of the peace 
will happen or anything related to harm likely to be done or already 
done in their presence. This is the way to go I think — the Common 
Law version. If police know that the crowd and members of the 
public will no longer be standing and watching while they commit 


their thuggery and crimes they will think twice about acting like 
Brownshirts and Blackshirts. 


Common Law — common sense 

Mention of Common Law is very important. Most people think the 
law is the law as in one law. This is not the case. There are two 
bodies of law, Common Law and Statute Law, and they are not the 
same. Common Law is founded on the simple premise of do no 
harm. It does not recognise victimless crimes in which no harm is 
done while Statute Law does. There is a Statute Law against almost 
everything. So what is Statute Law? Amazingly it’s the law of the sea 
that was brought ashore by the Cult to override the law of the land 
which is Common Law. They had no right to do this and as always 
they did it anyway. They had to. They could not impose their will on 
the people through Common Law which only applies to do no harm. 
How could you stitch up the fine detail of people’s lives with that? 
Instead they took the law of the sea, or Admiralty Law, and applied 
it to the population. Statute Law refers to all the laws spewing out of 
governments and their agencies including all the fascist laws and 
regulations relating to ‘Covid’. The key point to make is that Statute 
Law is contract law. It only applies between contracting corporations. 
Most police officers don’t even know this. They have to be kept in 
the dark, too. Long ago when merchants and their sailing ships 
began to trade with different countries a contractual law was 
developed called Admiralty Law and other names. Again it only 
applied to contracts agreed between corporate entities. If there is no 
agreed contract the law of the sea had no jurisdiction and that still 
applies to its new alias of Statute Law. The problem for the Cult when 
the law of the sea was brought ashore was an obvious one. People 
were not corporations and neither were government entities. To 
overcome the latter they made governments and all associated 
organisations corporations. All the institutions are private 
corporations and I mean governments and their agencies, local 
councils, police, courts, military, US states, the whole lot. Go to the 


Dun and Bradstreet corporate listings website for confirmation that 
they are all corporations. You are arrested by a private corporation 
called the police by someone who is really a private security guard 
and they take you to court which is another private corporation. 
Neither have jurisdiction over you unless you consent and contract 
with them. This is why you hear the mantra about law enforcement 
policing by consent of the people. In truth the people ‘consent’ only 
in theory through monumental trickery. 


Okay, the Cult overcame the corporate law problem by making 
governments and institutions corporate entities; but what about 
people? They are not corporations are they? Ah ... well in a sense, 
and only a sense, they are. Not people exactly — the illusion of 
people. The Cult creates a corporation in the name of everyone at the 
time that their birth certificate is issued. Note birth/ berth certificate 
and when you go to court under the law of the sea on land you stand 
in a dock. These are throwbacks to the origin. My Common Law 
name is David Vaughan Icke. The name of the corporation created 
by the government when I was born is called Mr David Vaughan 
Icke usually written in capitals as MR DAVID VAUGHAN ICKE. 
That is not me, the living, breathing man. It is a fictitious corporate 
entity. The trick is to make you think that David Vaughan Icke and 
MR DAVID VAUGHAN ICKE are the same thing. They are not. When 
police charge you and take you to court they are prosecuting the 
corporate entity and not the living, breathing, man or woman. They 
have to trick you into identifying as the corporate entity and 
contracting with them. Otherwise they have no jurisdiction. They do 
this through a language known as legalese. Lawful and legal are not 
the same either. Lawful relates to Common Law and legal relates to 
Statute Law. Legalese is the language of Statue Law which uses 
terms that mean one thing to the public and another in legalese. 
Notice that when a police officer tells someone why they are being 
charged he or she will say at the end: ‘Do you understand?’ To the 
public that means ‘Do you comprehend?’ In legalese it means ‘Do 
you stand under me?’ Do you stand under my authority? If you say 


yes to the question you are unknowingly agreeing to give them 
jurisdiction over you in a contract between two corporate entities. 


This is a confidence trick in every way. Contracts have to be agreed 
between informed parties and if you don’t know that David 
Vaughan Icke is agreeing to be the corporation MR DAVID 
VAUGHAN ICKE you cannot knowingly agree to contract. They are 
deceiving you and another way they do this is to ask for proof of 
identity. You usually show them a driving licence or other document 
on which your corporate name is written. In doing so you are 
accepting that you are that corporate entity when you are not. 
Referring to yourself as a ‘person’ or ‘citizen’ is also identifying with 
your corporate fiction which is why I made the Common Law point 
about the citizen’s arrest. If you are approached by a police officer 
you identify yourself immediately as a living, breathing, man or 
woman and say ‘I do not consent, I do not contract with you and I do 
not understand’ or stand under their authority. I have a Common 
Law birth certificate as a living man and these are available at no 
charge from commonlawcourt.com. Businesses registered under the 
Statute Law system means that its laws apply. There are, however, 
ways to run a business under Common Law. Remember all ‘Covid’ 
laws and regulations are Statute Law — the law of contracts and you 
do not have to contract. This doesn’t mean that you can kill someone 
and get away with it. Common Law says do no harm and that 
applies to physical harm, financial harm etc. Police are employees of 
private corporations and there needs to be a new system of non- 
corporate Common Law constables operating outside the Statute 
Law system. If you go to davidicke.com and put Common Law into 
the search engine you will find videos that explain Common Law in 
much greater detail. It is definitely a road we should walk. 


With all my heart 


I have heard people say that we are in a spiritual war. I don’t like the 
term ‘war’ with its Wetiko dynamic, but I know what they mean. 
Sweep aside all the bodily forms and we are in a situation in which 
two states of consciousness are seeking very different realities. 


Wetiko wants upheaval, chaos, fear, suffering, conflict and control. 
The other wants love, peace, harmony, fairness and freedom. That's 
where we are. We should not fall for the idea that Wetiko is all- 
powerful and there’s nothing we can do. Wetiko is not all-powerful. 
It’s a joke, pathetic. It doesn’t have to be, but it has made that choice 
for now. A handful of times over the years when I have felt the 
presence of its frequency I have allowed it to attach briefly so I could 
consciously observe its nature. The experience is not pleasant, the 
energy is heavy and dark, but the ease with which you can kick it 
back out the door shows that its real power is in persuading us that 
it has power. It’s all a con. Wetiko is a con. It’s a trickster and not a 
power that can control us if we unleash our own. The con is founded 
on manipulating humanity to give its power to Wetiko which 
recycles it back to present the illusion that it has power when its 
power is ours that we gave away. This happens on an energetic level 
and plays out in the world of the seen as humanity giving its power 
to Wetiko authority which uses that power to control the population 
when the power is only the power the population has handed over. 
How could it be any other way for billions to be controlled by a 
relative few? I have had experiences with people possessed by 
Wetiko and again you can kick its arse if you do it with an open 
heart. Oh yes — the heart which can transform the world of perceived 
‘matter’. 


We are receiver-transmitters and processors of information, but 
what information and where from? Information is processed into 
perception in three main areas — the brain, the heart and the belly. 
These relate to thinking, knowing, and emotion. Wetiko wants us to 
be head and belly people which means we think within the confines 
of the Matrix simulation and low-vibrational emotional reaction 
scrambles balance and perception. A few minutes on social media 
and you see how emotion is the dominant force. Woke is all emotion 
and is therefore thought-free and fact-free. Our heart is something 
different. It knows while the head thinks and has to try to work it out 
because it doesn’t know. The human energy field has seven prime 
vortexes which connect us with wider reality (Fig 23). Chakra means 


‘wheels of light’ in the Sanskrit language of ancient India. The main 
ones are: The crown chakra on top of the head; brow (or ‘third eye’) 
chakra in the centre of the forehead; throat chakra; heart chakra in 
the centre of the chest; solar plexus chakra below the sternum; sacral 
chakra beneath the navel; and base chakra at the bottom of the spine. 
Each one has a particular function or functions. We feel anxiety and 
nervousness in the belly where the sacral chakra is located and this 
processes emotion that can affect the colon to give people ‘the shits’ 
or make them ‘shit scared’ when they are nervous. Chakras all play 
an important role, but the Mr and Mrs Big is the heart chakra which 
sits at the centre of the seven, above the chakras that connect us to 
the ‘physical’ and below those that connect with higher realms (or at 
least should). Here in the heart chakra we feel love, empathy and 
compassion — ‘My heart goes out to you’. Those with closed hearts 
become literally ‘heart-less’ in their attitudes and behaviour (see Bill 
Gates). Native Americans portrayed Wetiko with what Paul Levy 
calls a ‘frigid, icy heart, devoid of mercy’ (see Bill Gates). 


Figure 23: The chakra system which interpenetrates the human energy field. The heart chakra 
is the governor — or should be. 


Wetiko trembles at the thought of heart energy which it cannot 
infiltrate. The frequency is too high. What it seeks to do instead is 
close the heart chakra vortex to block its perceptual and energetic 
influence. Psychopaths have ‘hearts of stone’ and emotionally- 
damaged people have ‘heartache’ and ‘broken hearts’. The 
astonishing amount of heart disease is related to heart chakra 


disruption with its fundamental connection to the ‘physical’ heart. 
Dr Tom Cowan has written an outstanding book challenging the 
belief that the heart is a pump and making the connection between 
the ‘physical’ and spiritual heart. Rudolph Steiner who was way 
ahead of his time said the same about the fallacy that the heart is a 
pump. What? The heart is not a pump? That's crazy, right? 
Everybody knows that. Read Cowan’s Human Heart, Cosmic Heart 
and you will realise that the very idea of the heart as a pump is 
ridiculous when you see the evidence. How does blood in the feet so 
far from the heart get pumped horizontally up the body by the 
heart?? Cowan explains in the book the real reason why blood 
moves as it does. Our ‘physical’ heart is used to symbolise love when 
the source is really the heart vortex or spiritual heart which is our 
most powerful energetic connection to ‘out there’ expanded 
consciousness. That’s why we feel knowing — intuitive knowing — in 
the centre of the chest. Knowing doesn’t come from a process of 
thoughts leading to a conclusion. It is there in an instant all in one 
go. Our heart knows because of its connection to levels of awareness 
that do know. This is the meaning and source of intuition — intuitive 
knowing. 

For the last more than 30 years of uncovering the global game and 
the nature of reality my heart has been my constant antenna for 
truth and accuracy. An American intelligence insider once said that I 
had quoted a disinformer in one of my books and yet I had only 
quoted the part that was true. He asked: ‘How do you do that?’ By 
using my heart antenna was the answer and anyone can do it. Heart- 
centred is how we are meant to be. With a closed heart chakra we 
withdraw into a closed mind and the bubble of five-sense reality. If 
you take a moment to focus your attention on the centre of your 
chest, picture a spinning wheel of light and see it opening and 
expanding. You will feel it happening, too, and perceptions of the 
heart like joy and love as the heart impacts on the mind as they 
interact. The more the chakra opens the more you will feel 
expressions of heart consciousness and as the process continues, and 
becomes part of you, insights and knowings will follow. An open 


heart is connected to that level of awareness that knows all is One. 
You will see from its perspective that the fault-lines that divide us 
are only illusions to control us. An open heart does not process the 
illusions of race, creed and sexuality except as brief experiences for a 
consciousness that is all. Our heart does not see division, only unity 
(Figs 24 and 25). There’s something else, too. Our hearts love to 
laugh. Mark Twain’s quote that says ‘The human race has one really 
effective weapon, and that is laughter’ is really a reference to the 
heart which loves to laugh with the joy of knowing the true nature of 
infinite reality and that all the madness of human society is an 
illusion of the mind. Twain also said: ‘Against the assault of laughter 
nothing can stand.’ This is so true of Wetiko and the Cult. Their 
insecurity demands that they be taken seriously and their power and 
authority acknowledged and feared. We should do nothing of the 
sort. We should not get aggressive or fearful which their insecurity 
so desires. We should laugh in their face. Even in their no-face as 
police come over in their face-nappies and expect to be taken 
seriously. They don’t take themselves seriously looking like that so 
why should we? Laugh in the face of intimidation. Laugh in the face 
of tyranny. You will see by its reaction that you have pressed all of its 
buttons. Wetiko does not know what to do in the face of laughter or 
when its targets refuse to concede their joy to fear. We have seen 
many examples during the ‘Covid’ hoax when people have 
expressed their energetic power and the string puppets of Wetiko 
retreat with their tail limp between their knees. Laugh — the world is 
bloody mad after all and if it’s a choice between laughter and tears I 
know which way I’m going. 


Figure 24: Head consciousness without the heart sees division and everything apart from 
everything else. 


Figure 25: Heart consciousness sees everything as One. 


The foundation of Wetiko/Archon control of humans is the 
separation of incarnate five-sense mind from the infinite ‘I’ and 
closing the heart chakra where the True ‘T’ lives during a human life. 
The goal has been to achieve complete separation in both cases. I was 
interested therefore to read an account by a French energetic healer 
of what she said she experienced with a patient who had been given 
the ‘Covid’ vaccine. Genuine energy healers can sense information 
and consciousness fields at different levels of being which are 
referred to as ‘subtle bodies’. She described treating the patient who 
later returned after having, without the healer’s knowledge, two 
doses of the ‘Covid vaccine’. The healer said: 


| noticed immediately the change, very heavy energy emanating from [the] subtle bodies. The 
scariest thing was when | was working on the heart chakra, | connected with her soul: it was 
detached from the physical body, it had no contact and it was, as if it was floating in a state of 
total confusion: a damage to the consciousness that loses contact with the physical body, i.e. 
with our biological machine, there is no longer any communication between them. 


| continued the treatment by sending light to the heart chakra, the soul of the person, but it 
seemed that the soul could no longer receive any light, frequency or energy. It was a very 
powerful experience for me. Then | understood that this substance is indeed used to detach 
consciousness so that this consciousness can no longer interact through this body that it 
possesses in life, where there is no longer any contact, no frequency, no light, no more 
energetic balance or mind. 


This would create a human that is rudderless and at the extreme 
almost zombie-like operating with a fractional state of consciousness 
at the mercy of Wetiko. I was especially intrigued by what the healer 
said in the light of the prediction by the highly-informed Rudolf 
Steiner more than a hundred years ago. He said: 


In the future, we will eliminate the soul with medicine. Under the pretext of a ‘healthy point 
of view’, there will be a vaccine by which the human body will be treated as soon as possible 
directly at birth, so that the human being cannot develop the thought of the existence of soul 
and Spirit. To materialistic doctors will be entrusted the task of removing the soul of humanity. 


As today, people are vaccinated against this disease or that disease, so in the future, children 
will be vaccinated with a substance that can be produced precisely in such a way that people, 
thanks to this vaccination, will be immune to being subjected to the ‘madness’ of spiritual life. 
He would be extremely smart, but he would not develop a conscience, and that is the true 
goal of some materialistic circles. 


Steiner said the vaccine would detach the physical body from the 
etheric body (subtle bodies) and ‘once the etheric body is detached 
the relationship between the universe and the etheric body would 
become extremely unstable, and man would become an automaton’. 
He said ‘the physical body of man must be polished on this Earth by 
spiritual will — so the vaccine becomes a kind of arymanique 
(Wetiko) force’ and ‘man can no longer get rid of a given 
materialistic feeling’. Humans would then, he said, become 
‘materialistic of constitution and can no longer rise to the spiritual’. I 
have been writing for years about DNA being a receiver-transmitter 
of information that connects us to other levels of reality and these 
‘vaccines’ changing DNA can be likened to changing an antenna and 
what it can transmit and receive. Such a disconnection would clearly 
lead to changes in personality and perception. Steiner further 
predicted the arrival of AI. Big Pharma ‘Covid vaccine’ makers, 
expressions of Wetiko, are testing their DNA-manipulating evil on 
children as I write with a view to giving the ‘vaccine’ to babies. If it’s 
a soul-body disconnector — and I say that it is or can be — every child 
would be disconnected from ‘soul’ at birth and the ‘vaccine’ would 
create a closed system in which spiritual guidance from the greater 
self would play no part. This has been the ambition of Wetiko all 


along. A Pentagon video from 2005 was leaked of a presentation 
explaining the development of vaccines to change behaviour by their 
effect on the brain. Those that believe this is not happening with the 
‘Covid’ genetically-modifying procedure masquerading as a 
‘vaccine’ should make an urgent appointment with Naivety 
Anonymous. Klaus Schwab wrote in 2018: 


Neurotechnologies enable us to better influence consciousness and thought and to understand 
many activities of the brain. They include decoding what we are thinking in fine levels of 
detail through new chemicals and interventions that can influence our brains to correct for 
errors or enhance functionality. 


The plan is clear and only the heart can stop it. With every heart that 
opens, every mind that awakens, Wetiko is weakened. Heart and 
love are far more powerful than head and hate and so nothing like a 
majority is needed to turn this around. 


Beyond the Phantom 

Our heart is the prime target of Wetiko and so it must be the answer 
to Wetiko. We are our heart which is part of one heart, the infinite 
heart. Our heart is where the true self lives in a human life behind 
firewalls of five-sense illusion when an imposter takes its place — 
Phantom Self; but our heart waits patiently to be set free any time we 
choose to see beyond the Phantom, beyond Wetiko. A Wetikoed 
Phantom Self can wreak mass death and destruction while the love 
of forever is locked away in its heart. The time is here to unleash its 
power and let it sweep away the fear and despair that is Wetiko. 
Heart consciousness does not seek manipulated, censored, 
advantage for its belief or religion, its activism and desires. As an 
expression of the One it treats all as One with the same rights to 
freedom and opinion. Our heart demands fairness for itself no more 
than for others. From this unity of heart we can come together in 
mutual support and transform this Wetikoed world into what reality 
is meant to be —a place of love, joy, happiness, fairness, justice and 
freedom. Wetiko has another agenda and that’s why the world is as 


it is, but enough of this nonsense. Wetiko can’t stay where hearts are 
open and it works so hard to keep them closed. Fear is its currency 
and its food source and love in its true sense has no fear. Why would 
love have fear when it knows it is All That Is, Has Been, And Ever Can 
Be on an eternal exploration of all possibility? Love in this true sense 
is not the physical attraction that passes for love. This can be an 
expression of it, yes, but Infinite Love, a love without condition, goes 
far deeper to the core of all being. It is the core of all being. Infinite 
realty was born from love beyond the illusions of the simulation. 
Love infinitely expressed is the knowing that all is One and the 
swiftly-passing experience of separation is a temporary 
hallucination. You cannot disconnect from Oneness; you can only 
perceive that you have and withdraw from its influence. This is the 
most important of all perception trickery by the mind parasite that is 
Wetiko and the foundation of all its potential for manipulation. 


If we open our hearts, open the sluice gates of the mind, and 
redefine self-identity amazing things start to happen. Consciousness 
expands or contracts in accordance with self-identity. When true self 
is recognised as infinite awareness and label self — Phantom Self — is 
seen as only a series of brief experiences life is transformed. 
Consciousness expands to the extent that self-identity expands and 
everything changes. You see unity, not division, the picture, not the 
pixels. From this we can play the long game. No more is an 
experience something in and of itself, but a fleeting moment in the 
eternity of forever. Suddenly people in uniform and dark suits are no 
longer intimidating. Doing what your heart knows to be right is no 
longer intimidating and consequences for those actions take on the 
same nature of a brief experience that passes in the blink of an 
infinite eye. Intimidation is all in the mind. Beyond the mind there is 
no intimidation. 


An open heart does not consider consequences for what it knows 
to be right. To do so would be to consider not doing what it knows to 
be right and for a heart in its power that is never an option. The 
Renegade Mind is really the Renegade Heart. Consideration of 
consequences will always provide a getaway car for the mind and 


the heart doesn’t want one. What is right in the light of what we face 
today is to stop cooperating with Wetiko in all its forms and to do it 
without fear or compromise. You cannot compromise with tyranny 
when tyranny always demands more until it has everything. Life is 
your perception and you are your destiny. Change your perception 
and you change your life. Change collective perception and we 
change the world. 

Come on people ... One human family, One heart, One goal ... 
FREEEEEEDOM! 

We must settle for nothing less. 


he big scare story as the book goes to press is the ‘Indian’ 

variant and the world is being deluged with propaganda about 
the ‘Covid catastrophe’ in India which mirrors in its lies and 
misrepresentations what happened in Italy before the first lockdown 
in 2020. 


The New York Post published a picture of someone who had 
‘collapsed in the street from Covid’ in India in April, 2021, which 
was actually taken during a gas leak in May, 2020. Same old, same 
old. Media articles in mid-February were asking why India had been 
so untouched by ‘Covid’ and then as their vaccine rollout gathered 
pace the alleged ‘cases’ began to rapidly increase. Indian ‘Covid 
vaccine’ maker Bharat Biotech was funded into existence by the Bill 
and Melinda Gates Foundation (the pair announced their divorce in 
May, 2021, which is a pity because they so deserve each other). The 
Indian ‘Covid crisis’ was ramped up by the media to terrify the 
world and prepare people for submission to still more restrictions. 
The scam that worked the first time was being repeated only with far 
more people seeing through the deceit. Davidicke.com and 
Ickonic.com have sought to tell the true story of what is happening 
by talking to people living through the Indian nightmare which has 
nothing to do with ‘Covid’. We posted a letter from ‘Alisha’ in Pune 
who told a very different story to government and media mendacity. 
She said scenes of dying people and overwhelmed hospitals were 
designed to hide what was really happening — genocide and 
starvation. Alisha said that millions had already died of starvation 
during the ongoing lockdowns while government and media were 
lying and making it look like the ‘virus’: 


Restaurants, shops, gyms, theatres, basically everything is shut. The cities are ghost towns. 
Even so-called ‘essential’ businesses are only open till 11am in the morning. You basically 
have just an hour to buy food and then your time is up. 


Inter-state travel and even inter-district travel is banned. The cops wait at all major crossroads 
to question why you are traveling outdoors or to fine you if you are not wearing a mask. 


The medical community here is also complicit in genocide, lying about hospitals being full 
and turning away people with genuine illnesses, who need immediate care. They have even 
created a shortage of oxygen cylinders. 


This is the classic Cult modus operandi played out in every country. 
Alisha said that people who would not have a PCR test not testing 
for the ‘virus’ were being denied hospital treatment. She said the 
people hit hardest were migrant workers and those in rural areas. 
Most businesses employed migrant workers and with everything 
closed there were no jobs, no income and no food. As a result 
millions were dying of starvation or malnutrition. All this was 
happening under Prime Minister Narendra Modi, a 100-percent 
asset of the Cult, and it emphasises yet again the scale of pure anti- 
human evil we are dealing with. Australia banned its people from 
returning home from India with penalties for trying to do so of up to 
five years in jail and a fine of £37,000. The manufactured ‘Covid’ 
crisis in India was being prepared to justify further fascism in the 
West. Obvious connections could be seen between the Indian 
‘vaccine’ programme and increased ‘cases’ and this became a 
common theme. The Seychelles, the most per capita ‘Covid 
vaccinated’ population in the world, went back into lockdown after a 
‘surge of cases’. 


Long ago the truly evil Monsanto agricultural biotechnology 
corporation with its big connections to Bill Gates devastated Indian 
farming with genetically-modified crops. Human rights activist 
Gurcharan Singh highlighted the efforts by the Indian government 
to complete the job by destroying the food supply to hundreds of 
millions with ‘Covid’ lockdowns. He said that 415 million people at 
the bottom of the disgusting caste system (still going whatever they 
say) were below the poverty line and struggled to feed themselves 
every year. Now the government was imposing lockdown at just the 


time to destroy the harvest. This deliberate policy was leading to 
mass starvation. People may reel back at the suggestion that a 
government would do that, but Wetiko-controlled ‘leaders’ are 
capable of any level of evil. In fact what is described in India is in the 
process of being instigated worldwide. The food chain and food 
supply are being targeted at every level to cause world hunger and 
thus control. Bill Gates is not the biggest owner of farmland in 
America for no reason and destroying access to food aids both the 
depopulation agenda and the plan for synthetic ‘food’ already being 
funded into existence by Gates. Add to this the coming hyper- 
inflation from the suicidal creation of fake ‘money’ in response to 
‘Covid’ and the breakdown of container shipping systems and you 
have a cocktail that can only lead one way and is meant to. The Cult 
plan is to crash the entire system to ‘build back better’ with the Great 
Reset. 


‘Vaccine’ transmission 

Reports from all over the world continue to emerge of women 
suffering menstrual and fertility problems after having the fake 
‘vaccine’ and of the non-’vaccinated’ having similar problems when 
interacting with the ‘vaccinated’. There are far too many for 
‘coincidence’ to be credible. We’ve had menopausal women getting 
periods, others having periods stop or not stopping for weeks, 
passing clots, sometimes the lining of the uterus, breast 
irregularities, and miscarriages (which increased by 400 percent in 
parts of the United States). Non-‘vaccinated’ men and children have 
suffered blood clots and nose bleeding after interaction with the 
‘vaccinated’. Babies have died from the effects of breast milk from a 
‘vaccinated’ mother. Awake doctors — the small minority — 
speculated on the cause of non-’vaccinated’ suffering the same 
effects as the ‘vaccinated’. Was it nanotechnology in the synthetic 
substance transmitting frequencies or was it a straight chemical 
bioweapon that was being transmitted between people? I am not 
saying that some kind of chemical transmission is not one possible 
answer, but the foundation of all that the Cult does is frequency and 


this is fertile ground for understanding how transmission can 
happen. American doctor Carrie Madej, an internal medicine 
physician and osteopath, has been practicing for the last 20 years, 
teaching medical students, and she says attending different meetings 
where the agenda for humanity was discussed. Madej, who operates 
out of Georgia, did not dismiss other possible forms of transmission, 
but she focused on frequency in search of an explanation for 
transmission. She said the Moderna and Pfizer ‘vaccines’ contained 
nano-lipid particles as a key component. This was a brand new 
technology never before used on humanity. “They’re using a 
nanotechnology which is pretty much little tiny computer bits ... 
nanobots or hydrogel.’ Inside the ‘vaccines’ was ‘this sci-fi kind of 
substance’ which suppressed immune checkpoints to get into the 
cell. I referred to this earlier as the “Trojan horse’ technique that 
tricks the cell into opening a gateway for the self-replicating 
synthetic material and while the immune system is artificially 
suppressed the body has no defences. Madej said the substance 
served many purposes including an on-demand ability to ‘deliver 
the payload’ and using the nano ‘computer bits’ as biosensors in the 
body. ‘It actually has the ability to accumulate data from your body, 
like your breathing, your respiration, thoughts, emotions, all kinds 
of things.’ 

She said the technology obviously has the ability to operate 
through Wi-Fi and transmit and receive energy, messages, 
frequencies or impulses. ‘Just imagine you're getting this new 
substance in you and it can react to things all around you, the 5G, 
your smart device, your phones.’ We had something completely 
foreign in the human body that had never been launched large scale 
at a time when we were seeing 5G going into schools and hospitals 
(plus the Musk satellites) and she believed the ‘vaccine’ transmission 
had something to do with this: ‘... if these people have this inside of 
them ... it can act like an antenna and actually transmit it outwardly 
as well.’ The synthetic substance produced its own voltage and so it 
could have that kind of effect. This fits with my own contention that 
the nano receiver-transmitters are designed to connect people to the 


Smart Grid and break the receiver-transmitter connection to 
expanded consciousness. That would explain the French energy 
healer’s experience of the disconnection of body from ‘soul’ with 
those who have had the ‘vaccine’. The nanobots, self-replicating 
inside the body, would also transmit the synthetic frequency which 
could be picked up through close interaction by those who have not 
been ‘vaccinated’. Madej speculated that perhaps it was 5G and 
increased levels of other radiation that was causing the symptoms 
directly although interestingly she said that non-‘vaccinated’ 
patients had shown improvement when they were away from the 
‘vaccinated’ person they had interacted with. It must be remembered 
that you can control frequency and energy with your mind and you 
can consciously create energetic barriers or bubbles with the mind to 
stop damaging frequencies from penetrating your field. American 
paediatrician Dr Larry Palevsky said the ‘vaccine’ was not a ‘vaccine’ 
and was never designed to protect from a ‘viral’ infection. He called 
it ‘a massive, brilliant propaganda of genocide’ because they didn’t 
have to inject everyone to get the result they wanted. He said the 
content of the jabs was able to infuse any material into the brain, 
heart, lungs, kidneys, liver, sperm and female productive system. 
‘This is genocide; this is a weapon of mass destruction.’ At the same 
time American colleges were banning students from attending if 
they didn’t have this life-changing and potentially life-ending 
‘vaccine’. Class action lawsuits must follow when the consequences 
of this college fascism come to light. As the book was going to press 
came reports about fertility effects on sperm in ‘vaccinated’ men 
which would absolutely fit with what I have been saying and 
hospitals continued to fill with ‘vaccine’ reactions. Another question 
is what about transmission via blood transfusions? The NHS has 
extended blood donation restrictions from seven days after a ‘Covid 
vaccination’ to 28 days after even a sore arm reaction. 

I said in the spring of 2020 that the then touted ‘Covid vaccine’ 
would be ongoing each year like the flu jab. A year later Pfizer CEO, 
the appalling Albert Bourla, said people would ‘likely’ need a 
‘booster dose’ of the ‘vaccine’ within 12 months of getting ‘fully 


vaccinated’ and then a yearly shot. “Variants will play a key role’, he 
said confirming the point. Johnson & Johnson CEO Alex Gorsky also 
took time out from his ‘vaccine’ disaster to say that people may need 
to be vaccinated against ‘Covid-19% each year. UK Health Secretary, 
the psychopath Matt Hancock, said additional ‘boosters’ would be 
available in the autumn of 2021. This is the trap of the ‘vaccine 
passport’. The public will have to accept every last ‘vaccine’ they 
introduce, including for the fake ‘variants’, or it would cease to be 
valid. The only other way in some cases would be continuous testing 
with a test not testing for the ‘virus’ and what is on the swabs 
constantly pushed up your noise towards the brain every time? 


‘Vaccines’ changing behaviour 

I mentioned in the body of the book how I believed we would see 
gathering behaviour changes in the ‘vaccinated’ and I am already 
hearing such comments from the non-‘vaccinated’ describing 
behaviour changes in friends, loved ones and work colleagues. This 
will only increase as the self-replicating synthetic material and 
nanoparticles expand in body and brain. An article in the Guardian in 
2016 detailed research at the University of Virginia in Charlottesville 
which developed a new method for controlling brain circuits 
associated with complex animal behaviour. The method, dubbed 
‘magnetogenetics’, involves genetically-engineering a protein called 
ferritin, which stores and releases iron, to create a magnetised 
substance — ‘Magneto’ — that can activate specific groups of nerve 
cells from a distance. This is claimed to be an advance on other 
methods of brain activity manipulation known as optogenetics and 
chemogenetics (the Cult has been developing methods of brain 
control for a long time). The ferritin technique is said to be non- 
invasive and able to activate neurons ‘rapidly and reversibly’. In 
other words, human thought and perception. The article said that 
earlier studies revealed how nerve cell proteins ‘activated by heat 
and mechanical pressure can be genetically engineered so that they 
become sensitive to radio waves and magnetic fields, by attaching 
them to an iron-storing protein called ferritin, or to inorganic 


paramagnetic particles’. Sensitive to radio waves and magnetic 
fields? You mean like 5G, 6G and 7G? This is the human-AI Smart 
Grid hive mind we are talking about. The Guardian article said: 


... the researchers injected Magneto into the striatum of freely behaving mice, a deep brain 
structure containing dopamine-producing neurons that are involved in reward and motivation, 
and then placed the animals into an apparatus split into magnetised and non-magnetised 
sections. 


Mice expressing Magneto spent far more time in the magnetised areas than mice that did not, 
because activation of the protein caused the striatal neurons expressing it to release 
dopamine, so that the mice found being in those areas rewarding. This shows that Magneto 
can remotely control the firing of neurons deep within the brain, and also control complex 
behaviours. 


Make no mistake this basic methodology will be part of the ‘Covid 
vaccine’ cocktail and using magnetics to change brain function 
through electromagnetic field frequency activation. The Pentagon is 
developing a ‘Covid vaccine’ using ferritin. Magnetics would explain 
changes in behaviour and why videos are appearing across the 
Internet as I write showing how magnets stick to the skin at the 
point of the ‘vaccine’ shot. Once people take these ‘vaccines’ 
anything becomes possible in terms of brain function and illness 
which will be blamed on ‘Covid-19 and ‘variants’. Magnetic field 
manipulation would further explain why the non-‘vaccinated’ are 
reporting the same symptoms as the ‘vaccinated’ they interact with 
and why those symptoms are reported to decrease when not in their 
company. Interestingly ‘Magneto’, a ‘mutant’, is a character in the 
Marvel Comic X-Men stories with the ability to manipulate magnetic 
fields and he believes that mutants should fight back against their 
human oppressors by any means necessary. The character was born 
Erik Lehnsherr to a Jewish family in Germany. 


Cult-controlled courts 

The European Court of Human Rights opened the door for 
mandatory ‘Covid-19 vaccines’ across the continent when it ruled in 
a Czech Republic dispute over childhood immunisation that legally 


enforced vaccination could be ‘necessary in a democratic society’. 
The 17 judges decided that compulsory vaccinations did not breach 
human rights law. On the face of it the judgement was so inverted 
you gasp for air. If not having a vaccine infused into your body is not 
a human right then what is? Ah, but they said human rights law 
which has been specifically written to delete all human rights at the 
behest of the state (the Cult). Article 8 of the European Convention 
on Human Rights relates to the right to a private life. The crucial 
word here is ‘except’: 


There shall be no interference by a public authority with the exercise of this right EXCEPT 
such as is in accordance with the law and is necessary in a democratic society in the interests 
of national security, public safety or the economic wellbeing of the country, for the prevention 
of disorder or crime, for the protection of health or morals, or for the protection of the rights 
and freedoms of others [My emphasis]. 


No interference except in accordance with the law means there are no 
‘human rights’ except what EU governments decide you can have at 
their behest. ‘As is necessary in a democratic society’ explains that 
reference in the judgement and ‘in the interests of national security, 
public safety or the economic well-being of the country, for the 
prevention of disorder or crime, for the protection of health or 
morals, or for the protection of the rights and freedoms of others’ 
gives the EU a coach and horses to ride through ‘human rights’ and 
scatter them in all directions. The judiciary is not a check and 
balance on government extremism; it is a vehicle to enforce it. This 
judgement was almost laughably predictable when the last thing the 
Cult wanted was a decision that went against mandatory 
vaccination. Judges rule over and over again to benefit the system of 
which they are a part. Vaccination disputes that come before them 
are invariably delivered in favour of doctors and authorities 
representing the view of the state which owns the judiciary. Oh, yes, 
and we have even had calls to stop putting ‘Covid-19’ on death 
certificates within 28 days of a ‘positive test’ because it is claimed the 
practice makes the ‘vaccine’ appear not to work. They are laughing 
at you. 


The scale of madness, inhumanity and things to come was 
highlighted when those not ‘vaccinated’ for “‘Covid’ were refused 
evacuation from the Caribbean island of St Vincent during massive 
volcanic eruptions. Cruise ships taking residents to the safety of 
another island allowed only the ‘vaccinated’ to board and the rest 
were left to their fate. Even in life and death situations like this we 
see ‘Covid’ stripping people of their most basic human instincts and 
the insanity is even more extreme when you think that fake 
‘vaccine’-makers are not even claiming their body-manipulating 
concoctions stop ‘infection’ and ‘transmission’ of a ‘virus’ that 
doesn’t exist. St Vincent Prime Minister Ralph Gonsalves said: ‘The 
chief medical officer will be identifying the persons already 
vaccinated so that we can get them on the ship.’ Note again the 
power of the chief medical officer who, like Whitty in the UK, will be 
answering to the World Health Organization. This is the Cult 
network structure that has overridden politicians who ‘follow the 
science’ which means doing what WHO-controlled ‘medical officers’ 
and ‘science advisers’ tell them. Gonsalves even said that residents 
who were ‘vaccinated’ after the order so they could board the ships 
would still be refused entry due to possible side effects such as 
‘wooziness in the head’. The good news is that if they were woozy 
enough in the head they could qualify to be prime minister of St 
Vincent. 


Microchipping freedom 

The European judgement will be used at some point to justify moves 
to enforce the ‘Covid’ DNA-manipulating procedure. Sandra Ro, 
CEO of the Global Blockchain Business Council, told a World 
Economic Forum event that she hoped ‘vaccine passports’ would 
help to ‘drive forced consent and standardisation’ of global digital 
identity schemes: ‘I’m hoping with the desire and global demand for 
some sort of vaccine passport — so that people can get travelling and 
working again — [it] will drive forced consent, standardisation, and 
frankly, cooperation across the world.’ The lady is either not very 
bright, or thoroughly mendacious, to use the term ‘forced consent’. 


You do not ‘consent’ if you are forced — you submit. She was 
describing what the plan has been all along and that’s to enforce a 
digital identity on every human without which they could not 
function. ‘Vaccine passports’ are opening the door and are far from 
the end goal. A digital identity would allow you to be tracked in 
everything you do in cyberspace and this is the same technique used 
by Cult-owned China to enforce its social credit system of total 
control. The ultimate ‘passport’ is planned to be a microchip as my 
books have warned for nearly 30 years. Those nice people at the 
Pentagon working for the Cult-controlled Defense Advanced 
Research Projects Agency (DARPA) claimed in April, 2021, they 
have developed a microchip inserted under the skin to detect 
‘asymptomatic Covid-19 infection’ before it becomes an outbreak 
and a ‘revolutionary filter’ that can remove the ‘virus’ from the 
blood when attached to a dialysis machine. The only problems with 
this are that the ‘virus’ does not exist and people transmitting the 
‘virus’ with no symptoms is brain-numbing bullshit. This is, of 
course, not a ruse to get people to be microchipped for very different 
reasons. DARPA also said it was producing a one-stop ‘vaccine’ for 
the ‘virus’ and all ‘variants’. One of the most sinister organisations 
on Planet Earth is doing this? Better have it then. These people are 
insane because Wetiko that possesses them is insane. 


Researchers from the Salk Institute in California announced they 
have created an embryo that is part human and part monkey. My 
books going back to the 1990s have exposed experiments in top 
secret underground facilities in the United States where humans are 
being crossed with animal and non-human ‘extraterrestrial’ species. 
They are now easing that long-developed capability into the public 
arena and there is much more to come given we are dealing with 
psychiatric basket cases. Talking of which — Elon Musk’s scientists at 
Neuralink trained a monkey to play Pong and other puzzles on a 
computer screen using a joystick and when the monkey made the 
correct move a metal tube squirted banana smoothie into his mouth 
which is the basic technique for training humans into unquestioning 
compliance. Two Neuralink chips were in the monkey’s skull and 


more than 2,000 wires ‘fanned out’ into its brain. Eventually the 
monkey played a video game purely with its brain waves. 
Psychopathic narcissist Musk said the ‘breakthrough’ was a step 
towards putting Neuralink chips into human skulls and merging 
minds with artificial intelligence. Exactly. This man is so dark and 
Cult to his DNA. 


World Economic Fascism (WEF) 

The World Economic Forum is telling you the plan by the statements 
made at its many and various events. Cult-owned fascist YouTube 
CEO Susan Wojcicki spoke at the 2021 WEF Global Technology 
Governance Summit (see the name) in which 40 governments and 
150 companies met to ensure ‘the responsible design and 
deployment of emerging technologies’. Orwellian translation: 
‘Ensuring the design and deployment of long-planned technologies 
will advance the Cult agenda for control and censorship.’ Freedom- 
destroyer and Nuremberg-bound Wojcicki expressed support for 
tech platforms like hers to censor content that is ‘technically legal but 
could be harmful’. Who decides what is ‘harmful’? She does and 
they do. ‘Harmful’ will be whatever the Cult doesn’t want people to 
see and we have legislation proposed by the UK government that 
would censor content on the basis of ‘harm’ no matter if the 
information is fair, legal and provably true. Make that especially if it 
is fair, legal and provably true. Wojcicki called for a global coalition 
to be formed to enforce content moderation standards through 
automated censorship. This is a woman and mega-censor So self- 
deluded that she shamelessly accepted a ‘free expression’ award — 
Wojcicki — in an event sponsored by her own YouTube. They have no 
shame and no self-awareness. 


You know that ‘Covid’ is a scam and Wojcicki a Cult operative 
when YouTube is censoring medical and scientific opinion purely on 
the grounds of whether it supports or opposes the Cult ‘Covid’ 
narrative. Florida governor Ron DeSantis compiled an expert panel 
with four professors of medicine from Harvard, Oxford, and 
Stanford Universities who spoke against forcing children and 


vaccinated people to wear masks. They also said there was no proof 
that lockdowns reduced spread or death rates of ‘Covid-19’. Cult- 
gofer Wojcicki and her YouTube deleted the panel video ‘because it 
included content that contradicts the consensus of local and global 
health authorities regarding the efficacy of masks to prevent the 
spread of Covid-19’. This ‘consensus’ refers to what the Cult tells the 
World Health Organization to say and the WHO tells ‘local health 
authorities’ to do. Wojcicki knows this, of course. The panellists 
pointed out that censorship of scientific debate was responsible for 
deaths from many causes, but Wojcicki couldn't care less. She would 
not dare go against what she is told and as a disgrace to humanity 
she wouldn't want to anyway. The UK government is seeking to pass 
a fascist ‘Online Safety Bill’ to specifically target with massive fines 
and other means non-censored video and social media platforms to 
make them censor ‘lawful but harmful’ content like the Cult-owned 
Facebook, Twitter, Google and YouTube. What is ‘lawful but 
harmful’ would be decided by the fascist Blair-created Ofcom. 


Another WEF obsession is a cyber-attack on the financial system 
and this is clearly what the Cult has planned to take down the bank 
accounts of everyone — except theirs. Those that think they have 
enough money for the Cult agenda not to matter to them have got a 
big lesson coming if they continue to ignore what is staring them in 
the face. The World Economic Forum, funded by Gates and fronted 
by Klaus Schwab, announced it would be running a ‘simulation’ 
with the Russian government and global banks of just such an attack 
called Cyber Polygon 2021. What they simulate — as with the ‘Covid’ 
Event 201 — they plan to instigate. The WEF is involved in a project 
with the Cult-owned Carnegie Endowment for International Peace 
called the WEF-Carnegie Cyber Policy Initiative which seeks to 
merge Wall Street banks, ‘regulators’ (I love it) and intelligence 
agencies to ‘prevent’ (arrange and allow) a cyber-attack that would 
bring down the global financial system as long planned by those that 
control the WEF and the Carnegie operation. The Carnegie 
Endowment for International Peace sent an instruction to First World 


War US President Woodrow Wilson not to let the war end before 
society had been irreversibly transformed. 


The Wuhan lab diversion 

As I close, the Cult-controlled authorities and lapdog media are 
systematically pushing ‘the virus was released from the Wuhan lab’ 
narrative. There are two versions — it happened by accident and it 
happened on purpose. Both are nonsense. The perceived existence of 
the never-shown-to-exist ‘virus’ is vital to sell the impression that 
there is actually an infective agent to deal with and to allow the 
endless potential for terrifying the population with ‘variants’ of a 
‘virus’ that does not exist. The authorities at the time of writing are 
going with the ‘by accident’ while the alternative media is 
promoting the ‘on purpose’. Cable news host Tucker Carlson who 
has questioned aspects of lockdown and ‘vaccine’ compulsion has 
bought the Wuhan lab story. ‘Everyone now agrees’ he said. Well, I 
don’t and many others don’t and the question is why does the system 
and its media suddenly ‘agree’? When the media moves as one unit 
with a narrative it is always a lie — witness the hour by hour 
mendacity of the ‘Covid’ era. Why would this Cult-owned 
combination which has unleashed lies like machine gun fire 
suddenly ‘agree’ to tell the truth?? 

Much of the alternative media is buying the lie because it fits the 
conspiracy narrative, but it’s the wrong conspiracy. The real 
conspiracy is that there is no virus and that is what the Cult is 
desperate to hide. The idea that the ‘virus’ was released by accident 
is ludicrous when the whole ‘Covid’ hoax was clearly long-planned 
and waiting to be played out as it was so fast in accordance with the 
Rockefeller document and Event 201. So they prepared everything in 
detail over decades and then sat around strumming their fingers 
waiting for an ‘accidental’ release from a bio-lab? What?? It’s crazy. 
Then there’s the ‘on purpose’ claim. You want to circulate a ‘deadly 
virus’ and hide the fact that you’ve done so and you release it down 
the street from the highest-level bio-lab in China? I repeat — What? ? 


You would release it far from that lab to stop any association being 
made. But, no, we’ll do it in a place where the connection was certain 
to be made. Why would you need to scam ‘cases’ and ‘deaths’ and 
pay hospitals to diagnose ‘Covid-19’ if you had a real ‘virus’? What 
are sections of the alternative media doing believing this crap? 
Where were all the mass deaths in Wuhan from a ‘deadly pathogen’ 
when the recovery to normal life after the initial propaganda was 
dramatic in speed? Why isn’t the ‘deadly pathogen’ now circulating 
all over China with bodies in the street? Once again we have the 
technique of tell them what they want to hear and they will likely 
believe it. The alternative media has its ‘conspiracy’ and with 
Carlson it fits with his ‘China is the danger’ narrative over years. 
China is a danger as a global Cult operations centre, but not for this 
reason. The Wuhan lab story also has the potential to instigate 
conflict with China when at some stage the plan is to trigger a 
Problem-Reaction-Solution confrontation with the West. Question 
everything — everything — and especially when the media agrees on a 
common party line. 


Third wave ... fourth wave ... fifth wave... 

As the book went into production the world was being set up for 
more lockdowns and a ‘third wave’ supported by invented ‘variants’ 
that were increasing all the time and will continue to do so in public 
statements and computer programs, but not in reality. India became 
the new Italy in the ‘Covid’ propaganda campaign and we were told 
to be frightened of the new ‘Indian strain’. Somehow I couldn’t find 
it within myself to do so. A document produced for the UK 
government entitled ‘Summary of further modelling of easing of 
restrictions — Roadmap Step 2’ declared that a third wave was 
inevitable (of course when it’s in the script) and it would be the fault 
of children and those who refuse the health-destroying fake ‘Covid 
vaccine’. One of the computer models involved came from the Cult- 
owned Imperial College and the other from Warwick University 
which I wouldn't trust to tell me the date in a calendar factory. The 
document states that both models presumed extremely high uptake 


of the ‘Covid vaccines’ and didn’t allow for ‘variants’. The document 
states: ‘The resurgence is a result of some people (mostly children) 
being ineligible for vaccination; others choosing not to receive the 
vaccine; and others being vaccinated but not perfectly protected.’ 
The mendacity takes the breath away. Okay, blame those with a 
brain who won't take the DNA-modifying shots and put more 
pressure on children to have it as ‘trials’ were underway involving 
children as young as six months with parents who give insanity a 
bad name. Massive pressure is being put on the young to have the 
fake ‘vaccine’ and child age consent limits have been systematically 
lowered around the world to stop parents intervening. Most 
extraordinary about the document was its claim that the ‘third wave’ 
would be driven by ‘the resurgence in both hospitalisations and 
deaths ... dominated by those that have received two doses of the vaccine, 
comprising around 60-70% of the wave respectively’. The predicted 
peak of the ‘third wave’ suggested 300 deaths per day with 250 of 
them fully ‘vaccinated’ people. How many more lies do acquiescers 
need to be told before they see the obvious? Those who took the jab 
to ‘protect themselves’ are projected to be those who mostly get sick 
and die? So what's in the ‘vaccine’? The document went on: 


It is possible that a summer of low prevalence could be followed by substantial increases in 
incidence over the following autumn and winter. Low prevalence in late summer should not 
be taken as an indication that SARS-CoV-2 has retreated or that the population has high 
enough levels of immunity to prevent another wave. 


They are telling you the script and while many British people 
believed ‘Covid’ restrictions would end in the summer of 2021 the 
government was preparing for them to be ongoing. Authorities were 
awarding contracts for ‘Covid marshals’ to police the restrictions 
with contracts starting in July, 2021, and going through to January 
31st, 2022, and the government was advertising for ‘Media Buying 
Services’ to secure media propaganda slots worth a potential £320 
million for ‘Covid-19 campaigns’ with a contract not ending until 
March, 2022. The recipient — via a list of other front companies — was 
reported to be American media marketing giant Omnicom Group 


Inc. While money is no object for “‘Covid’ the UK waiting list for all 
other treatment — including life-threatening conditions — passed 4.5 
million. Meantime the Cult is seeking to control all official ‘inquiries’ 
to block revelations about what has really been happening and why. 
It must not be allowed to — we need Nuremberg jury trials in every 
country. The cover-up doesn’t get more obvious than appointing 
ultra-Zionist professor Philip Zelikow to oversee two dozen US 
virologists, public health officials, clinicians, former government 
officials and four American ‘charitable foundations’ to ‘learn the 
lessons’ of the ‘Covid’ debacle. The personnel will be those that 
created and perpetuated the ‘Covid’ lies while Zelikow is the former 
executive director of the 9/11 Commission who ensured that the 
truth about those attacks never came out and produced a report that 
must be among the most mendacious and manipulative documents 
ever written — see The Trigger for the detailed exposure of the almost 
unimaginable 9/11 story in which Sabbatians can be found at every 
level. 


Passive no more 

People are increasingly challenging the authorities with amazing 
numbers of people taking to the streets in London well beyond the 
ability of the Face-Nappies to stop them. Instead the Nappies choose 
situations away from the mass crowds to target, intimidate, and seek 
to promote the impression of ‘violent protestors’. One such incident 
happened in London’s Hyde Park. Hundreds of thousands walking 
through the streets in protest against ‘Covid’ fascism were ignored 
by the Cult-owned BBC and most of the rest of the mainstream 
media, but they delighted in reporting how police were injured in 
‘clashes with protestors’. The truth was that a group of people 
gathered in Hyde Park at the end of one march when most had gone 
home and they were peacefully having a good time with music and 
chat. Face-Nappies who couldn’t deal with the full-march crowd 
then waded in with their batons and got more than they bargained 
for. Instead of just standing for this criminal brutality the crowd 
used their numerical superiority to push the Face-Nappies out of the 


park. Eventually the Nappies turned and ran. Unfortunately two or 
three idiots in the crowd threw drink cans striking two officers 
which gave the media and the government the image they wanted to 
discredit the 99.9999 percent who were peaceful. The idiots walked 
straight into the trap and we must always be aware of potential 
agent provocateurs used by the authorities to discredit their targets. 


This response from the crowd — the can people apart — must be a 
turning point when the public no longer stand by while the innocent 
are arrested and brutally attacked by the Face-Nappies. That doesn’t 
mean to be violent, that’s the last thing we need. We'll leave the 
violence to the Face-Nappies and government. But it does mean that 
when the Face-Nappies use violence against peaceful people the 
numerical superiority is employed to stop them and make citizen’s 
arrests or Common Law arrests for a breach of the peace. The time 
for being passive in the face of fascism is over. 


We are the many, they are the few, and we need to make that count 
before there is no freedom left and our children and grandchildren 
face an ongoing fascist nightmare. 


COME ON PEOPLE - IT’S TIME. 


One final thought ... 


The power of love 
A force from above 
Cleaning my soul 
Flame on burn desire 
Love with tongues of fire 
Purge the soul 
Make love your goal 


I’ll protect you from the hooded claw 
Keep the vampires from your door 
When the chips are down I'll be around 
With my undying, death-defying 
Love for you 


Envy will hurt itself 
Let yourself be beautiful 
Sparkling love, flowers 
And pearls and pretty girls 
Love is like an energy 
Rushin’ rushin’ inside of me 


This time we go sublime 
Lovers entwine, divine, divine, 
Love is danger, love is pleasure 
Love is pure — the only treasure 


I’m so in love with you 
Purge the soul 
Make love your goal 


The power of love 
A force from above 
Cleaning my soul 
The power of love 
A force from above 
A sky-scraping dove 


Flame on burn desire 
Love with tongues of fire 
Purge the soul 
Make love your goal 


Frankie Goes To Hollywood 


APPENDIX 


Isolation: The action of isolating; the fact or condition of being 
isolated or standing alone; separation from other things or persons; 
solitariness 
Oxford English Dictionary 


he controversy over whether the SARS-CoV-2 virus has ever 

been isolated or purified continues. However, using the above 
definition, common sense, the laws of logic and the dictates of 
science, any unbiased person must come to the conclusion that the 
SARS-CoV-2 virus has never been isolated or purified. As a result, no 
confirmation of the virus’ existence can be found. The logical, 
common sense, and scientific consequences of this fact are: 


e the structure and composition of something not shown to exist 
can’t be known, including the presence, structure, and function of 
any hypothetical spike or other proteins; 

e the genetic sequence of something that has never been found can’t 
be known; 


e “variants” of something that hasn’t been shown to exist can’t be 
known; 


e it’s impossible to demonstrate that SARS-CoV-2 causes a disease 
called Covid-19. 


In as concise terms as possible, here’s the proper way to isolate, 
characterize and demonstrate a new virus. First, one takes samples 
(blood, sputum, secretions) from many people (e.g. 500) with 
symptoms which are unique and specific enough to characterize an 
illness. Without mixing these samples with ANY tissue or products 
that also contain genetic material, the virologist macerates, filters 
and ultracentrifuges i.e. purifies the specimen. This common virology 
technique, done for decades to isolate bacteriophages! and so-called 
giant viruses in every virology lab, then allows the virologist to 
demonstrate with electron microscopy thousands of identically sized 
and shaped particles. These particles are the isolated and purified 
virus. 


These identical particles are then checked for uniformity by 
physical and/or microscopic techniques. Once the purity is 
determined, the particles may be further characterized. This would 
include examining the structure, morphology, and chemical 
composition of the particles. Next, their genetic makeup is 
characterized by extracting the genetic material directly from the 
purified particles and using genetic-sequencing techniques, such as 
Sanger sequencing, that have also been around for decades. Then 
one does an analysis to confirm that these uniform particles are 
exogenous (outside) in origin as a virus is conceptualized to be, and 
not the normal breakdown products of dead and dying tissues.” (As 
of May 2020, we know that virologists have no way to determine 
whether the particles they’re seeing are viruses or just normal break- 


down products of dead and dying tissues.)° 


1 Isolation, characterization and analysis of bacteriophages from the haloalkaline lake Elmenteita, 
KenyaJuliah Khayeli AKhwale et al, PLOS One, Published: April 25, 2019. 
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.d215734 — accessed 2/15/21 


2 "Extracellular Vesicles Derived From Apoptotic Cells: An Essential Link Between Death and 
Regeneration,” Maojiao Lil et al, Frontiers in Cell and Developmental Biology, 2020 October 2. 
https://wwwfrontiersin.org/articles/10.3389/fcell.2020.573511/full — accessed 2/15/21 


3 "The Role of Extraellular Vesicles as Allies of HIV, HCV and SARS Viruses,” Flavia Giannessi, et al, 
Viruses, 2020 May 


If we have come this far then we have fully isolated, characterized, 
and genetically sequenced an exogenous virus particle. However, we 
still have to show it is causally related to a disease. This is carried 
out by exposing a group of healthy subjects (animals are usually 
used) to this isolated, purified virus in the manner in which the 
disease is thought to be transmitted. If the animals get sick with the 
same disease, as confirmed by clinical and autopsy findings, one has 
now shown that the virus actually causes a disease. This 
demonstrates infectivity and transmission of an infectious agent. 


None of these steps has even been attempted with the SARS-CoV-2 
virus, nor have all these steps been successfully performed for any 
so-called pathogenic virus. Our research indicates that a single study 
showing these steps does not exist in the medical literature. 


Instead, since 1954, virologists have taken unpurified samples 
from a relatively few people, often less than ten, with a similar 
disease. They then minimally process this sample and inoculate this 
unpurified sample onto tissue culture containing usually four to six 
other types of material — all of which contain identical genetic 
material as to what is called a “virus.” The tissue culture is starved 
and poisoned and naturally disintegrates into many types of 
particles, some of which contain genetic material. Against all 
common sense, logic, use of the English language and scientific 
integrity, this process is called “virus isolation.” This brew 
containing fragments of genetic material from many sources is then 
subjected to genetic analysis, which then creates in a computer- 
simulation process the alleged sequence of the alleged virus, a so 
called in silico genome. At no time is an actual virus confirmed by 
electron microscopy. At no time is a genome extracted and 
sequenced from an actual virus. This is scientific fraud. 


The observation that the unpurified specimen — inoculated onto 
tissue culture along with toxic antibiotics, bovine fetal tissue, 
amniotic fluid and other tissues — destroys the kidney tissue onto 
which it is inoculated is given as evidence of the virus’ existence and 
pathogenicity. This is scientific fraud. 


From now on, when anyone gives you a paper that suggests the 
SARS-CoV-2 virus has been isolated, please check the methods 
sections. If the researchers used Vero cells or any other culture 
method, you know that their process was not isolation. You will hear 
the following excuses for why actual isolation isn’t done: 


1. There were not enough virus particles found in samples from patients to analyze. 


2. Viruses are intracellular parasites; they can’t be found outside the cell in this manner. 


If No. 1 is correct, and we can’t find the virus in the sputum of sick 
people, then on what evidence do we think the virus is dangerous or 
even lethal? If No. 2 is correct, then how is the virus spread from 
person to person? We are told it emerges from the cell to infect 
others. Then why isn’t it possible to find it? 


Finally, questioning these virology techniques and conclusions is 
not some distraction or divisive issue. Shining the light on this truth 
is essential to stop this terrible fraud that humanity is confronting. 
For, as we now know, if the virus has never been isolated, sequenced 
or shown to cause illness, if the virus is imaginary, then why are we 
wearing masks, social distancing and putting the whole world into 
prison? 


Finally, if pathogenic viruses don’t exist, then what is going into 
those injectable devices erroneously called “vaccines,” and what is 
their purpose? This scientific question is the most urgent and 
relevant one of our time. 


We are correct. The SARS-CoV? virus does not exist. 


Sally Fallon Morell, MA 
Dr. Thomas Cowan, MD 
Dr. Andrew Kaufman, MD 
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Ickonic is something that has been a dream of mine for the last 5 years. 
growing up around alternative information | have always had a natural interest 
in what is going on in the World and what could | do to make it better. 

Across the range of subjects and positions of influence occupied mainly by 
people who don't strive to make things better it's the Media that | have always 
found the most frustrating and fascinating. Mainly because if the Media did their 
Jobs properly then so much of the negative things happening in the World 
simply would not be able to happen, because they would be exposed within a 
heartbeat. 

Free Press and the Opportunities that the internet could have given would mean 
that the Media are able to expose things like never before and hold people to 
account for their actions. As we all know there are ‘Untouchables’ that walk 
among us, people the Media simply won't touch, expose or investigate and that 
leads to the dark underworlds that infest the establishment the World over. 
Well | say enough, it’s time for something different, a different kind of Media, 
where no one is off limits from exposing and investigating. All we're interested 
in at Ickonic is the truth of what is really going on in the World on whichever 
subject we're covering. 

We hope you enjoy what we have created and take something away from the 
platform. we aim to deliver information that's informative and most importantly 
self-empowering. you're not a little person, you're part of something much 
bigger than that and its time we as a collective race began to understand that 
and look to the future as ours to take. 


It's time... 


Jaymie Icke - Founder Ickonic Alternative Media. 
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We live in extraordinary times with billions bewildered and seeking answers for what 
is happening. David Icke, the man who has been proved right again and again, has 
spent 30 years uncovering the truth behind world affairs and in a stream of previous 
books he predicted current events. 


The Answer will change your every perception of life and the world and set you free of 


the illusions that control human society, There is nothing more vital for our collective 
freedom than humanity becoming aware of what is in this book 


Available now at davidicke.com. 


Ee 
| THE LIETHAT CHANG WORLD 
1 Wi0 REALLY DID HY 


« 
«4 
P Dy 
A 
, * 


lain 
male 
= 
= 
—- 
ri 
— 


DAVIDICKE.COM 


DAVID ICKE STORE 
LATEST NEWS ARTICLES 
DAVID ICKE VIDEOS 
WEEKLY DOT-CONNECTOR PODCASTS 
LIVE EVENTS 
WWW.DAVIDICKE.COM 


THE LIFE STORY OF DAVID ICKE 


RENEGADE 


/‘rent gerd/ THE FEATURE LENGTH FILM 


noun 
A person who behaves in a rebelliously unconventional manner. 
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Before you go... 


For more detail, background and evidence about the subjects in 
Perceptions of a Renegade Mind — and so much more — see my 
others books including And The Truth Shall Set You Free; The 
Biggest Secret; Children of the Matrix; The David Icke Guide to the 
Global Conspiracy; Tales from the Time Loop; The Perception 
Deception; Remember Who You Are; Human Race Get Off Your 
Knees; Phantom Self; Everything You Need To Know But Have Never 
Been Told, The Trigger and The Answer. 


You can subscribe to the fantastic new Ickonic media platform 
where there are many hundreds of hours of cutting-edge 
information in videos, documentaries and series across a whole 
range of subjects which are added to every week. This includes 
my 90 minute breakdown of the week’s news every Friday to 
explain why events are happening and to what end. 
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Renegade: 
Adjective 
‘Having rejected tradition: Unconventional.’ 


Merriam-Webster Dictionary 


Acquiescence to tyranny is the death of the spirit 


You may be 38 years old, as I happen to be. And one day, 
some great opportunity stands before you and calls you to 
stand up for some great principle, some great issue, some 
great cause. And you refuse to do it because you are afraid 
... You refuse to do it because you want to live longer ... 
You're afraid that you will lose your job, or you are afraid 
that you will be criticised or that you will lose your 
popularity, or you're afraid that somebody will stab you, or 
shoot at you or bomb your house; so you refuse to take the 
stand. 


Well, you may go on and live until you are 90, but you’re just 
as dead at 38 as you would be at 90. And the cessation of 
breathing in your life is but the belated announcement of an 
earlier death of the spirit. 


Martin Luther King 


How the few control the many and always have — the many do 
whatever they're told 


‘Forward, the Light Brigade!’ 
Was there a man dismayed? 
Not though the soldier knew 
Someone had blundered. 
Theirs not to make reply, 
Theirs not to reason why, 
Theirs but to do and die. 
Into the valley of Death 
Rode the six hundred. 


Cannon to right of them, 
Cannon to left of them, 
Cannon in front of them 
Volleyed and thundered; 
Stormed at with shot and shell, 
Boldly they rode and well, 
Into the jaws of Death, 
Into the mouth of hell 
Rode the six hundred 


Alfred Lord Tennyson (1809-1892) 


The mist is lifting slowly 
I can see the way ahead 
And I’ve left behind the empty streets 
That once inspired my life 
And the strength of the emotion 
Is like thunder in the air 
‘Cos the promise that we made each other 
Haunts me to the end 


The secret of your beauty 
And the mystery of your soul 
I’ve been searching for in everyone I meet 
And the times I’ve been mistaken 
It’s impossible to say 
And the grass is growing 
Underneath our feet 


The words that I remember 
From my childhood still are true 
That there’s none so blind 
As those who will not see 
And to those who lack the courage 
And say it’s dangerous to try 
Well they just don’t know 
That love eternal will not be denied 


I know you're out there somewhere 
Somewhere, somewhere 
I know you're out there somewhere 


Somewhere you can hear my voice 
I know I'll find you somehow 
Somehow, somehow 
I know I'll find you somehow 
And somehow I'll return again to you 


The Moody Blues 


Are you a gutless wonder - or a Renegade Mind? 


Monuments put from pen to paper, 
Turns me into a gutless wonder, 
And if you tolerate this, 

Then your children will be next. 
Gravity keeps my head down, 
Or is it maybe shame ... 


Manic Street Preachers 


Rise like lions after slumber 

In unvanquishable number. 
Shake your chains to earth like dew 
Which in sleep have fallen on you. 

Ye are many — they are few. 


Percy Shelley 
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CHAPTER ONE 
fm thinking’ — Oh, but are you? 


Think for yourself and let others enjoy the privilege of doing so too 
Voltaire 


rench-born philosopher, mathematician and scientist René 
Descartes became famous for his statement in Latin in the 17th 
century which translates into English as: ‘I think, therefore I am.’ 


On the face of it that is true. Thought reflects perception and 
perception leads to both behaviour and self-identity. In that sense 
‘we’ are what we think. But who or what is doing the thinking and is 
thinking the only route to perception? Clearly, as we shall see, ‘we’ 
are not always the source of ‘our’ perception, indeed with regard to 
humanity as a whole this is rarely the case; and thinking is far from 
the only means of perception. Thought is the village idiot compared 
with other expressions of consciousness that we all have the 
potential to access and tap into. This has to be true when we are 
those other expressions of consciousness which are infinite in nature. 
We have forgotten this, or, more to the point, been manipulated to 
forget. 

These are not just the esoteric musings of the navel. The whole 
foundation of human control and oppression is control of 
perception. Once perception is hijacked then so is behaviour which 
is dictated by perception. Collective perception becomes collective 
behaviour and collective behaviour is what we call human society. 
Perception is all and those behind human control know that which is 


why perception is the target 24/7 of the psychopathic manipulators 
that I call the Global Cult. They know that if they dictate perception 
they will dictate behaviour and collectively dictate the nature of 
human society. They are further aware that perception is formed 
from information received and if they control the circulation of 
information they will to a vast extent direct human behaviour. 
Censorship of information and opinion has become globally Nazi- 
like in recent years and never more blatantly than since the illusory 
‘virus pandemic’ was triggered out of China in 2019 and across the 
world in 2020. Why have billions submitted to house arrest and 
accepted fascistic societies in a way they would have never believed 
possible? Those controlling the information spewing from 
government, mainstream media and Silicon Valley (all controlled by 
the same Global Cult networks) told them they were in danger from 
a ‘deadly virus’ and only by submitting to house arrest and 
conceding their most basic of freedoms could they and their families 
be protected. This monumental and provable lie became the 
perception of the billions and therefore the behaviour of the billions. In 
those few words you have the whole structure and modus operandi 
of human control. Fear is a perception — False Emotion Appearing 
Real — and fear is the currency of control. In short ... get them by the 
balls (or give them the impression that you have) and their hearts 
and minds will follow. Nothing grips the dangly bits and freezes the 
rear-end more comprehensively than fear. 


World number 1 

There are two ‘worlds’ in what appears to be one ‘world’ and the 
prime difference between them is knowledge. First we have the mass 
of human society in which the population is maintained in coldly- 
calculated ignorance through control of information and the 
‘education’ (indoctrination) system. That’s all you really need to 
control to enslave billions in a perceptual delusion in which what are 
perceived to be their thoughts and opinions are ever-repeated 
mantras that the system has been downloading all their lives 
through ‘education’, media, science, medicine, politics and academia 


in which the personnel and advocates are themselves 
overwhelmingly the perceptual products of the same repetition. 
Teachers and academics in general are processed by the same 
programming machine as everyone else, but unlike the great 
majority they never leave the ‘education’ program. It gripped them 
as students and continues to grip them as programmers of 
subsequent generations of students. The programmed become the 
programmers — the programmed programmers. The same can 
largely be said for scientists, doctors and politicians and not least 
because as the American writer Upton Sinclair said: ‘It is difficult to 
get a man to understand something when his salary depends upon 
his not understanding it.’ If your career and income depend on 
thinking the way the system demands then you will — bar a few free- 
minded exceptions — concede your mind to the Perceptual 
Mainframe that I call the Postage Stamp Consensus. This is a tiny 
band of perceived knowledge and possibility ‘taught’ (downloaded) 
in the schools and universities, pounded out by the mainstream 
media and on which all government policy is founded. Try thinking, 
and especially speaking and acting, outside of the ‘box’ of consensus 
and see what that does for your career in the Mainstream Everything 
which bullies, harasses, intimidates and ridicules the population into 
compliance. Here we have the simple structure which enslaves most 
of humanity in a perceptual prison cell for an entire lifetime and I'll 
go deeper into this process shortly. Most of what humanity is taught 
as fact is nothing more than programmed belief. American science 
fiction author Frank Herbert was right when he said: ‘Belief can be 
manipulated. Only knowledge is dangerous.’ In the ‘Covid’ age 
belief is promoted and knowledge is censored. It was always so, but 
never to the extreme of today. 


World number 2 

A ‘number 2’ is slang for ‘doing a poo’ and how appropriate that is 
when this other ‘world’ is doing just that on humanity every minute 
of every day. World number 2 is a global network of secret societies 
and semi-secret groups dictating the direction of society via 


governments, corporations and authorities of every kind. I have 
spent more than 30 years uncovering and exposing this network that 
I call the Global Cult and knowing its agenda is what has made my 
books so accurate in predicting current and past events. Secret 
societies are secret for a reason. They want to keep their hoarded 
knowledge to themselves and their chosen initiates and to hide it 
from the population which they seek through ignorance to control 
and subdue. The whole foundation of the division between World 1 
and World 2 is knowledge. What number 1 knows number 2 must not. 
Knowledge they have worked so hard to keep secret includes (a) the 
agenda to enslave humanity in a centrally-controlled global 
dictatorship, and (b) the nature of reality and life itself. The latter (b) 
must be suppressed to allow the former (a) to prevail as I shall be 
explaining. The way the Cult manipulates and interacts with the 
population can be likened to a spider’s web. The ‘spider’ sits at the 
centre in the shadows and imposes its will through the web with 
each strand represented in World number 2 by a secret society, 
satanic or semi-secret group, and in World number 1 — the world of 
the seen — by governments, agencies of government, law 
enforcement, corporations, the banking system, media 
conglomerates and Silicon Valley (Fig 1 overleaf). The spider and the 
web connect and coordinate all these organisations to pursue the 
same global outcome while the population sees them as individual 
entities working randomly and independently. At the level of the 
web governments are the banking system are the corporations are the 
media are Silicon Valley are the World Health Organization working 
from their inner cores as one unit. Apparently unconnected 
countries, corporations, institutions, organisations and people are on 
the same team pursuing the same global outcome. Strands in the web 
immediately around the spider are the most secretive and exclusive 
secret societies and their membership is emphatically restricted to 
the Cult inner-circle emerging through the generations from 
particular bloodlines for reasons I will come to. At the core of the 
core you would get them in a single room. That’s how many people 
are dictating the direction of human society and its transformation 


through the ‘Covid’ hoax and other means. As the web expands out 
from the spider we meet the secret societies that many people will be 
aware of — the Freemasons, Knights Templar, Knights of Malta, Opus 
Dei, the inner sanctum of the Jesuit Order, and such like. Note how 
many are connected to the Church of Rome and there is a reason for 
that. The Roman Church was established as a revamp, a rebranding, 
of the relocated ‘Church’ of Babylon and the Cult imposing global 
tyranny today can be tracked back to Babylon and Sumer in what is 
now Iraq. 


Figure 1: The global web through which the few control the many. (Image Neil Hague.) 


Inner levels of the web operate in the unseen away from the public 
eye and then we have what I call the cusp organisations located at 
the point where the hidden meets the seen. They include a series of 
satellite organisations answering to a secret society founded in 
London in the late 19th century called the Round Table and among 
them are the Royal Institute of International Affairs (UK, founded in 
1920); Council on Foreign Relations (US, 1921); Bilderberg Group 
(worldwide, 1954); Trilateral Commission (US/worldwide, 1972); and 
the Club of Rome (worldwide, 1968) which was created to exploit 
environmental concerns to justify the centralisation of global power 
to ‘save the planet’. The Club of Rome instigated with others the 
human-caused climate change hoax which has led to all the ‘green 


new deals’ demanding that very centralisation of control. Cusp 
organisations, which include endless ‘think tanks’ all over the world, 
are designed to coordinate a single global policy between political 
and business leaders, intelligence personnel, media organisations 
and anyone who can influence the direction of policy in their own 
sphere of operation. Major players and regular attenders will know 
what is happening — or some of it — while others come and go and 
are kept overwhelmingly in the dark about the big picture. I refer to 
these cusp groupings as semi-secret in that they can be publicly 
identified, but what goes on at the inner-core is kept very much ‘in 
house’ even from most of their members and participants through a 
fiercely-imposed system of compartmentalisation. Only let them 
know what they need to know to serve your interests and no more. 
The structure of secret societies serves as a perfect example of this 
principle. Most Freemasons never get higher than the bottom three 
levels of ‘degree’ (degree of knowledge) when there are 33 official 
degrees of the Scottish Rite. Initiates only qualify for the next higher 
‘compartment’ or degree if those at that level choose to allow them. 
Knowledge can be carefully assigned only to those considered ‘safe’. 
I went to my local Freemason’s lodge a few years ago when they 
were having an ‘open day’ to show how cuddly they were and when 
I chatted to some of them I was astonished at how little the rank and 
file knew even about the most ubiquitous symbols they use. The 
mushroom technique — keep them in the dark and feed them bullshit 
— applies to most people in the web as well as the population as a 
whole. Sub-divisions of the web mirror in theme and structure 
transnational corporations which have a headquarters somewhere in 
the world dictating to all their subsidiaries in different countries. 
Subsidiaries operate in their methodology and branding to the same 
centrally-dictated plan and policy in pursuit of particular ends. The 
Cult web functions in the same way. Each country has its own web 
as a subsidiary of the global one. They consist of networks of secret 
societies, semi-secret groups and bloodline families and their job is 
to impose the will of the spider and the global web in their particular 
country. Subsidiary networks control and manipulate the national 
political system, finance, corporations, media, medicine, etc. to 


ensure that they follow the globally-dictated Cult agenda. These 
networks were the means through which the ‘Covid’ hoax could be 
played out with almost every country responding in the same way. 


The ‘Yessir pyramid 

Compartmentalisation is the key to understanding how a tiny few 
can dictate the lives of billions when combined with a top-down 
sequence of imposition and acquiescence. The inner core of the Cult 
sits at the peak of the pyramidal hierarchy of human society (Fig 2 
overleaf). It imposes its will — its agenda for the world — on the level 
immediately below which acquiesces to that imposition. This level 
then imposes the Cult will on the level below them which acquiesces 
and imposes on the next level. Very quickly we meet levels in the 
hierarchy that have no idea there even is a Cult, but the sequence of 
imposition and acquiescence continues down the pyramid in just the 
same way. ‘I don’t know why we are doing this but the order came 
from “on-high” and so we better just do it.” Alfred Lord Tennyson 
said of the cannon fodder levels in his poem The Charge of the Light 
Brigade: ‘Theirs not to reason why; theirs but to do and die.’ The next 
line says that ‘into the valley of death rode the six hundred’ and they 
died because they obeyed without question what their perceived 
‘superiors’ told them to do. In the same way the population 
capitulated to “‘Covid’. The whole hierarchical pyramid functions 
like this to allow the very few to direct the enormous many. 
Eventually imposition-acquiescence-imposition-acquiescence comes 
down to the mass of the population at the foot of the pyramid. If 
they acquiesce to those levels of the hierarchy imposing on them 
(governments/law enforcement/doctors/media) a circuit is 
completed between the population and the handful of super- 
psychopaths in the Cult inner core at the top of the pyramid. 
Without a circuit-breaking refusal to obey, the sequence of 
imposition and acquiescence allows a staggeringly few people to 
impose their will upon the entirety of humankind. We are looking at 
the very sequence that has subjugated billions since the start of 2020. 
Our freedom has not been taken from us. Humanity has given it 


away. Fascists do not impose fascism because there are not enough 
of them. Fascism is imposed by the population acquiescing to 
fascism. Put another way allowing their perceptions to be 
programmed to the extent that leads to the population giving their 
freedom away by giving their perceptions — their mind — away. If this 
circuit is not broken by humanity ceasing to cooperate with their 
own enslavement then nothing can change. For that to happen 
people have to critically think and see through the lies and window 
dressing and then summon the backbone to act upon what they see. 
The Cult spends its days working to stop either happening and its 
methodology is systematic and highly detailed, but it can be 
overcome and that is what this book is all about. 


Figure 2: The simple sequence of imposition and compliance that allows a handful of people 
at the peak of the pyramid to dictate the lives of billions. 


The Life Program 

Okay, back to world number 1 or the world of the ‘masses’. Observe 
the process of what we call ‘life’ and it is a perceptual download 
from cradle to grave. The Cult has created a global structure in 
which perception can be programmed and the program continually 
topped-up with what appears to be constant confirmation that the 
program is indeed true reality. The important word here is ‘appears’. 


This is the structure, the fly-trap, the Postage Stamp Consensus or 
Perceptual Mainframe, which represents that incredibly narrow 
band of perceived possibility delivered by the ‘education’ system, 
mainstream media, science and medicine. From the earliest age the 
download begins with parents who have themselves succumbed to 
the very programming their children are about to go through. Most 
parents don’t do this out of malevolence and mostly it is quite the 
opposite. They do what they believe is best for their children and 
that is what the program has told them is best. Within three or four 
years comes the major transition from parental programming to full- 
blown state (Cult) programming in school, college and university 
where perceptually-programmed teachers and academics pass on 
their programming to the next generations. Teachers who resist are 
soon marginalised and their careers ended while children who resist 
are called a problem child for whom Ritalin may need to be 
prescribed. A few years after entering the ‘world’ children are under 
the control of authority figures representing the state telling them 
when they have to be there, when they can leave and when they can 
speak, eat, even go to the toilet. This is calculated preparation for a 
lifetime of obeying authority in all its forms. Reflex-action fear of 
authority is instilled by authority from the start. Children soon learn 
the carrot and stick consequences of obeying or defying authority 
which is underpinned daily for the rest of their life. Fortunately I 
daydreamed through this crap and never obeyed authority simply 
because it told me to. This approach to my alleged ‘betters’ continues 
to this day. There can be consequences of pursuing open-minded 
freedom in a world of closed-minded conformity. I spent a lot of time 
in school corridors after being ejected from the classroom for not 
taking some of it seriously and now I spend a lot of time being 
ejected from Facebook, YouTube and Twitter. But I can tell you that 
being true to yourself and not compromising your self-respect is far 
more exhilarating than bowing to authority for authority’s sake. You 
don’t have to be a sheep to the shepherd (authority) and the sheep 
dog (fear of not obeying authority). 


The perceptual download continues throughout the formative 
years in school, college and university while script-reading 
‘teachers’, ‘academics’ ‘scientists’, ‘doctors’ and ‘journalists’ insist 
that ongoing generations must be as programmed as they are. 
Accept the program or you will not pass your ‘exams’ which confirm 
your ‘degree’ of programming. It is tragic to think that many parents 
pressure their offspring to work hard at school to download the 
program and qualify for the next stage at college and university. The 
late, great, American comedian George Carlin said: ‘Here’s a bumper 
sticker I’d like to see: We are proud parents of a child who has 
resisted his teachers’ attempts to break his spirit and bend him to the 
will of his corporate masters.’ Well, the best of luck finding many of 
those, George. Then comes the moment to leave the formal 
programming years in academia and enter the ‘adult’ world of work. 
There you meet others in your chosen or prescribed arena who went 
through the same Postage Stamp Consensus program before you 
did. There is therefore overwhelming agreement between almost 
everyone on the basic foundations of Postage Stamp reality and the 
rejection, even contempt, of the few who have a mind of their own 
and are prepared to use it. This has two major effects. Firstly, the 
consensus confirms to the programmed that their download is really 
how things are. I mean, everyone knows that, right? Secondly, the 
arrogance and ignorance of Postage Stamp adherents ensure that 
anyone questioning the program will have unpleasant consequences 
for seeking their own truth and not picking their perceptions from 
the shelf marked: ‘Things you must believe without question and if 
you don’t you're a dangerous lunatic conspiracy theorist and a 
harebrained nutter’. 


Every government, agency and corporation is founded on the 
same Postage Stamp prison cell and you can see why so many 
people believe the same thing while calling it their own ‘opinion’. 
Fusion of governments and corporations in pursuit of the same 
agenda was the definition of fascism described by Italian dictator 
Benito Mussolini. The pressure to conform to perceptual norms 
downloaded for a lifetime is incessant and infiltrates society right 


down to family groups that become censors and condemners of their 
own ‘black sheep’ for not, ironically, being sheep. We have seen an 
explosion of that in the ‘Covid’ era. Cult-owned global media 
unleashes its propaganda all day every day in support of the Postage 
Stamp and targets with abuse and ridicule anyone in the public eye 
who won't bend their mind to the will of the tyranny. Any response 
to this is denied (certainly in my case). They don’t want to give a 
platform to expose official lies. Cult-owned-and-created Internet 
giants like Facebook, Google, YouTube and Twitter delete you for 
having an unapproved opinion. Facebook boasts that its AI censors 
delete 97-percent of ‘hate speech’ before anyone even reports it. 
Much of that ‘hate speech’ will simply be an opinion that Facebook 
and its masters don’t want people to see. Such perceptual oppression 
is widely known as fascism. Even Facebook executive Benny 
Thomas, a ‘CEO Global Planning Lead’, said in comments secretly 
recorded by investigative journalism operation Project Veritas that 
Facebook is ‘too powerful’ and should be broken up: 


| mean, no king in history has been the ruler of two billion people, but Mark Zuckerberg is ... 
And he’s 36. That’s too much for a 36-year-old ... You should not have power over two billion 
people. | just think that’s wrong. 


Thomas said Facebook-owned platforms like Instagram, Oculus, and 
WhatsApp needed to be separate companies. ‘It’s too much power 
when they’re all one together’. That’s the way the Cult likes it, 
however. We have an executive of a Cult organisation in Benny 
Thomas that doesn’t know there is a Cult such is the 
compartmentalisation. Thomas said that Facebook and Google ‘are 
no longer companies, they’re countries’. Actually they are more 
powerful than countries on the basis that if you control information 
you control perception and control human society. 


Another expression of this psychological trickery is for those who 
realise they are being pressured into compliance to eventually 


convince themselves to believe the official narratives to protect their 
self-respect from accepting the truth that they have succumbed to 
meek and subservient compliance. Such people become some of the 
most vehement defenders of the system. You can see them 
everywhere screaming abuse at those who prefer to think for 
themselves and by doing so reminding the compliers of their own 
capitulation to conformity. “You are talking dangerous nonsense you 
Covidiot!!’ Are you trying to convince me or yourself? It is a potent 
form of Stockholm syndrome which is defined as: ‘A psychological 
condition that occurs when a victim of abuse identifies and attaches, 
or bonds, positively with their abuser.’ An example is hostages 
bonding and even ‘falling in love’ with their kidnappers. The 
syndrome has been observed in domestic violence, abused children, 
concentration camp inmates, prisoners of war and many and various 
Satanic cults. These are some traits of Stockholm syndrome listed at 
goodtherapy.org: 


e Positive regard towards perpetrators of abuse or captor [see 
‘Covid’]. 

e Failure to cooperate with police and other government authorities 
when it comes to holding perpetrators of abuse or kidnapping 
accountable [or in the case of ‘Covid’ cooperating with the police 
to enforce and defend their captors’ demands]. 

e Little or no effort to escape [see ‘Covid’]. 


¢ Belief in the goodness of the perpetrators or kidnappers [see 
‘Covid’]. 

e Appeasement of captors. This is a manipulative strategy for 
maintaining one’s safety. As victims get rewarded — perhaps with 
less abuse or even with life itself — their appeasing behaviours are 
reinforced [see ‘Covid’]. 


e Learned helplessness. This can be akin to ‘if you can’t beat “em, 
join ‘em’. As the victims fail to escape the abuse or captivity, they 
may start giving up and soon realize it’s just easier for everyone if 
they acquiesce all their power to their captors [see ‘Covid’]. 


Feelings of pity toward the abusers, believing they are actually 

victims themselves. Because of this, victims may go on a crusade 

or mission to ‘save’ [protect] their abuser [see the venom 

unleashed on those challenging the official ‘Covid’ narrative]. 

¢ Unwillingness to learn to detach from their perpetrators and heal. 
In essence, victims may tend to be less loyal to themselves than to 
their abuser [ definitely see ‘Covid’]. 


Ponder on those traits and compare them with the behaviour of 
great swathes of the global population who have defended 
governments and authorities which have spent every minute 
destroying their lives and livelihoods and those of their children and 
grandchildren since early 2020 with fascistic lockdowns, house arrest 
and employment deletion to ‘protect’ them from a ‘deadly virus’ that 
their abusers’ perceptually created to bring about this very outcome. 
We are looking at mass Stockholm syndrome. All those that agree to 
concede their freedom will believe those perceptions are originating 
in their own independent ‘mind’ when in fact by conceding their 
reality to Stockholm syndrome they have by definition conceded any 
independence of mind. Listen to the ‘opinions’ of the acquiescing 
masses in this ‘Covid’ era and what gushes forth is the repetition of 
the official version of everything delivered unprocessed, unfiltered 
and unquestioned. The whole programming dynamic works this 
way. I must be free because I’m told that Iam and so I think that I 
am. 

You can see what I mean with the chapter theme of ‘I’m thinking — 
Oh, but are you?’ The great majority are not thinking, let alone for 
themselves. They are repeating what authority has told them to 
believe which allows them to be controlled. Weaving through this 
mentality is the fear that the ‘conspiracy theorists’ are right and this 
again explains the often hysterical abuse that ensues when you dare 
to contest the official narrative of anything. Denial is the mechanism 
of hiding from yourself what you don’t want to be true. Telling 
people what they want to hear is easy, but it’s an infinitely greater 
challenge to tell them what they would rather not be happening. 


One is akin to pushing against an open door while the other is met 
with vehement resistance no matter what the scale of evidence. I 
don’t want it to be true so I’ll convince myself that it’s not. Examples 
are everywhere from the denial that a partner is cheating despite all 
the signs to the reflex-action rejection of any idea that world events 
in which country after country act in exactly the same way are 
centrally coordinated. To accept the latter is to accept that a force of 
unspeakable evil is working to destroy your life and the lives of your 
children with nothing too horrific to achieve that end. Who the heck 
wants that to be true? But if we don’t face reality the end is duly 
achieved and the consequences are far worse and ongoing than 
breaking through the walls of denial today with the courage to make 
a stand against tyranny. 


A crucial aspect of perceptual programming is to portray a world in 
which everything is random and almost nothing is connected to 
anything else. Randomness cannot be coordinated by its very nature 
and once you perceive events as random the idea they could be 
connected is waved away as the rantings of the tinfoil-hat brigade. 
You can’t plan and coordinate random you idiot! No, you can’t, but 
you can hide the coldly-calculated and long-planned behind the 
illusion of randomness. A foundation manifestation of the Renegade 
Mind is to scan reality for patterns that connect the apparently 
random and turn pixels and dots into pictures. This is the way I 
work and have done so for more than 30 years. You look for 
similarities in people, modus operandi and desired outcomes and 
slowly, then ever quicker, the picture forms. For instance: There 
would seem to be no connection between the ‘Covid pandemic’ hoax 
and the human-caused global-warming hoax and yet they are masks 
(appropriately) on the same face seeking the same outcome. Those 
pushing the global warming myth through the Club of Rome and 
other Cult agencies are driving the lies about ‘Covid’ — Bill Gates is 
an obvious one, but they are endless. Why would the same people be 
involved in both when they are clearly not connected? Oh, but they 


are. Common themes with personnel are matched by common goals. 
The ‘solutions’ to both ‘problems’ are centralisation of global power 
to impose the will of the few on the many to ‘save’ humanity from 
‘Covid’ and save the planet from an ‘existential threat’ (we need 
‘zero Covid’ and ‘zero carbon emissions’). These, in turn, connect 
with the ‘dot’ of globalisation which was coined to describe the 
centralisation of global power in every area of life through incessant 
political and corporate expansion, trading blocks and superstates 
like the European Union. If you are the few and you want to control 
the many you have to centralise power and decision-making. The 
more you centralise power the more power the few at the centre will 
have over the many; and the more that power is centralised the more 
power those at the centre have to centralise even quicker. The 
momentum of centralisation gets faster and faster which is exactly 
the process we have witnessed. In this way the hoaxed ‘pandemic’ 
and the fakery of human-caused global warming serve the interests 
of globalisation and the seizure of global power in the hands of the 
Cult inner-circle which is behind ‘Covid’, ‘climate change’ and 
globalisation. At this point random ‘dots’ become a clear and 
obvious picture or pattern. 

Klaus Schwab, the classic Bond villain who founded the Cult’s 
Gates-funded World Economic Forum, published a book in 2020, The 
Great Reset, in which he used the ‘problem’ of ‘Covid’ to justify a 
total transformation of human society to ‘save’ humanity from 
‘climate change’. Schwab said: “The pandemic represents a rare but 
narrow window of opportunity to reflect, reimagine, and reset our 
world.’ What he didn’t mention is that the Cult he serves is behind 
both hoaxes as I show in my book The Answer. He and the Cult don’t 
have to reimagine the world. They know precisely what they want 
and that’s why they destroyed human society with ‘Covid’ to ‘build 
back better’ in their grand design. Their job is not to imagine, but to 
get humanity to imagine and agree with their plans while believing 
it’s all random. It must be pure coincidence that ‘The Great Reset’ 
has long been the Cult’s code name for the global imposition of 
fascism and replaced previous code-names of the ‘New World 


Order’ used by Cult frontmen like Father George Bush and the ‘New 
Order of the Ages’ which emerged from Freemasonry and much 
older secret societies. New Order of the Ages appears on the reverse 
of the Great Seal of the United States as ‘Novus ordo seclorum’ 
underneath the Cult symbol used since way back of the pyramid and 
all seeing-eye (Fig 3). The pyramid is the hierarchy of human control 
headed by the illuminated eye that symbolises the force behind the 
Cult which I will expose in later chapters. The term ‘Annuit Coeptis’ 
translates as ‘He favours our undertaking’. We are told the ‘He’ is 
the Christian god, but ‘He’ is not as I will be explaining. 


Figure 3: The all-seeing eye of the Cult ‘god’ on the Freemason-designed Great Seal of the 
United States and also on the dollar bill. 


Having you on 

Two major Cult techniques of perceptual manipulation that relate to 
all this are what I have called since the 1990s Problem-Reaction- 
Solution (PRS) and the Totalitarian Tiptoe (TT). They can be 
uncovered by the inquiring mind with a simple question: Who 
benefits? The answer usually identifies the perpetrators of a given 
action or happening through the concept of ‘he who most benefits 
from a crime is the one most likely to have committed it’. The Latin 
‘Cue bono?’ — Who benefits? — is widely attributed to the Roman 
orator and statesman Marcus Tullius Cicero. No wonder it goes back 
so far when the concept has been relevant to human behaviour since 


history was recorded. Problem-Reaction-Solution is the technique 
used to manipulate us every day by covertly creating a problem (or 
the illusion of one) and offering the solution to the problem (or the 
illusion of one). In the first phase you create the problem and blame 
someone or something else for why it has happened. This may relate 
to a financial collapse, terrorist attack, war, global warming or 
pandemic, anything in fact that will allow you to impose the 
‘solution’ to change society in the way you desire at that time. The 
‘problem’ doesn’t have to be real. PRS is manipulation of perception 
and all you need is the population to believe the problem is real. 
Human-caused global warming and the ‘Covid pandemic’ only have 
to be perceived to be real for the population to accept the ‘solutions’ of 
authority. I refer to this technique as NO-Problem-Reaction-Solution. 
Billions did not meekly accept house arrest from early 2020 because 
there was a real deadly ‘Covid pandemic’ but because they 
perceived — believed — that to be the case. The antidote to Problem- 
Reaction-Solution is to ask who benefits from the proposed solution. 
Invariably it will be anyone who wants to justify more control 
through deletion of freedom and centralisation of power and 
decision-making. 

The two world wars were Problem-Reaction-Solutions that 
transformed and realigned global society. Both were manipulated 
into being by the Cult as I have detailed in books since the mid- 
1990s. They dramatically centralised global power, especially World 
War Two, which led to the United Nations and other global bodies 
thanks to the overt and covert manipulations of the Rockefeller 
family and other Cult bloodlines like the Rothschilds. The UN is a 
stalking horse for full-blown world government that I will come to 
shortly. The land on which the UN building stands in New York was 
donated by the Rockefellers and the same Cult family was behind 
Big Pharma scalpel and drug ‘medicine’ and the creation of the 
World Health Organization as part of the UN. They have been 
stalwarts of the eugenics movement and funded Hitler’s race-purity 
expert’ Ernst Rudin. The human-caused global warming hoax has 
been orchestrated by the Club of Rome through the UN which is 


manufacturing both the ‘problem’ through its Intergovernmental 
Panel on Climate Change and imposing the ‘solution’ through its 
Agenda 21 and Agenda 2030 which demand the total centralisation 
of global power to ‘save the world’ from a climate hoax the United 
Nations is itself perpetrating. What a small world the Cult can be 
seen to be particularly among the inner circles. The bedfellow of 
Problem-Reaction-Solution is the Totalitarian Tiptoe which became 
the Totalitarian Sprint in 2020. The technique is fashioned to hide the 
carefully-coordinated behind the cover of apparently random events. 
You start the sequence at ‘A’ and you know you are heading for ‘Z’. 
You don’t want people to know that and each step on the journey is 
presented as a random happening while all the steps strung together 
lead in the same direction. The speed may have quickened 
dramatically in recent times, but you can still see the incremental 
approach of the Tiptoe in the case of ‘Covid’ as each new imposition 
takes us deeper into fascism. Tell people they have to do this or that 
to get back to ‘normal’, then this and this and this. With each new 
demand adding to the ones that went before the population’s 
freedom is deleted until it disappears. The spider wraps its web 
around the flies more comprehensively with each new diktat. I’ll 
highlight this in more detail when I get to the ‘Covid’ hoax and how 
it has been pulled off. Another prime example of the Totalitarian 
Tiptoe is how the Cult-created European Union went from a ‘free- 
trade zone’ to a centralised bureaucratic dictatorship through the 
Tiptoe of incremental centralisation of power until nations became 
mere administrative units for Cult-owned dark suits in Brussels. 


The antidote to ignorance is knowledge which the Cult seeks 
vehemently to deny us, but despite the systematic censorship to that 
end the Renegade Mind can overcome this by vociferously seeking 
out the facts no matter the impediments put in the way. There is also 
a method of thinking and perceiving — knowing — that doesn’t even 
need names, dates, place-type facts to identify the patterns that 
reveal the story. I’ll get to that in the final chapter. All you need to 
know about the manipulation of human society and to what end is 
still out there — at the time of writing — in the form of books, videos 


and websites for those that really want to breach the walls of 
programmed perception. To access this knowledge requires the 
abandonment of the mainstream media as a source of information in 
the awareness that this is owned and controlled by the Cult and 
therefore promotes mass perceptions that suit the Cult. Mainstream 
media lies all day, every day. That is its function and very reason for 
being. Where it does tell the truth, here and there, is only because the 
truth and the Cult agenda very occasionally coincide. If you look for 
fact and insight to the BBC, CNN and virtually all the rest of them 
you are asking to be conned and perceptually programmed. 


Events seem random when you have no idea where the world is 
being taken. Once you do the random becomes the carefully 
planned. Know the outcome and you'll see the journey is a phrase I 
have been using for a long time to give context to daily happenings 
that appear unconnected. Does a problem, or illusion of a problem, 
trigger a proposed ‘solution’ that further drives society in the 
direction of the outcome? Invariably the answer will be yes and the 
random — abracadabra — becomes the clearly coordinated. So what is 
this outcome that unlocks the door to a massively expanded 
understanding of daily events? I will summarise its major aspects — 
the fine detail is in my other books — and those new to this 
information will see that the world they thought they were living in 
is a very different place. The foundation of the Cult agenda is the 
incessant centralisation of power and all such centralisation is 
ultimately in pursuit of Cult control on a global level. I have 
described for a long time the planned world structure of top-down 
dictatorship as the Hunger Games Society. The term obviously 
comes from the movie series which portrayed a world in which a 
few living in military-protected hi-tech luxury were the overlords of 
a population condemned to abject poverty in isolated ‘sectors’ that 
were not allowed to interact. ‘Covid’ lockdowns and travel bans 
anyone? The ‘Hunger Games’ pyramid of structural control has the 
inner circle of the Cult at the top with pretty much the entire 


population at the bottom under their control through dependency 
for survival on the Cult. The whole structure is planned to be 
protected and enforced by a military-police state (Fig 4). 


Here you have the reason for the global lockdowns of the fake 
pandemic to coldly destroy independent incomes and livelihoods 
and make everyone dependent on the ‘state’ (the Cult that controls 
the ‘states’). I have warned in my books for many years about the 
plan to introduce a ‘guaranteed income’ — a barely survivable 
pittance — designed to impose dependency when employment was 
destroyed by AI technology and now even more comprehensively at 
great speed by the ‘Covid’ scam. Once the pandemic was played and 
lockdown consequences began to delete independent income the 
authorities began to talk right on cue about the need for a 
guaranteed income and a ‘Great Reset’. Guaranteed income will be 
presented as benevolent governments seeking to help a desperate 
people — desperate as a direct result of actions of the same 
governments. The truth is that such payments are a trap. You will 
only get them if you do exactly what the authorities demand 
including mass vaccination (genetic manipulation). We have seen 
this theme already in Australia where those dependent on 
government benefits have them reduced if parents don’t agree to 
have their children vaccinated according to an insane health- 
destroying government-dictated schedule. Calculated economic 
collapse applies to governments as well as people. The Cult wants 
rid of countries through the creation of a world state with countries 
broken up into regions ruled by a world government and super 
states like the European Union. Countries must be bankrupted, too, 
to this end and it’s being achieved by the trillions in ‘rescue 
packages’ and furlough payments, trillions in lost taxation, and 
money-no-object spending on ‘Covid’ including constant all- 
medium advertising (programming) which has made the media 
dependent on government for much of its income. The day of 
reckoning is coming — as planned — for government spending and 
given that it has been made possible by printing money and not by 
production/taxation there is inflation on the way that has the 


potential to wipe out monetary value. In that case there will be no 
need for the Cult to steal your money. It just won't be worth 
anything (see the German Weimar Republic before the Nazis took 
over). Many have been okay with lockdowns while getting a 
percentage of their income from so-called furlough payments 
without having to work. Those payments are dependent, however, 
on people having at least a theoretical job with a business considered 
non-essential and ordered to close. As these business go under 
because they are closed by lockdown after lockdown the furlough 
stops and it will for everyone eventually. Then what? The ‘then 
what?’ is precisely the idea. 
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Figure 4: The Hunger Games Society structure | have long warned was planned and now the 
‘Covid’ hoax has made it possible. This is the real reason for lockdowns. 


Between the Hunger Games Cult elite and the dependent population 
is planned to be a vicious military-police state (a fusion of the two 
into one force). This has been in the making for a long time with 
police looking ever more like the military and carrying weapons to 
match. The pandemic scam has seen this process accelerate so fast as 


lockdown house arrest is brutally enforced by carefully recruited 
fascist minds and gormless system-servers. The police and military 
are planned to merge into a centrally-directed world army ina 
global structure headed by a world government which wouldn't be 
elected even by the election fixes now in place. The world army is 
not planned even to be human and instead wars would be fought, 
primarily against the population, using robot technology controlled 
by artificial intelligence. I have been warning about this for decades 
and now militaries around the world are being transformed by this 
very AI technology. The global regime that I describe is a particular 
form of fascism known as a technocracy in which decisions are not 
made by clueless and co-opted politicians but by unelected 
technocrats — scientists, engineers, technologists and bureaucrats. 
Cult-owned-and-controlled Silicon Valley giants are examples of 
technocracy and they already have far more power to direct world 
events than governments. They are with their censorship selecting 
governments. I know that some are calling the ‘Great Reset’ a 
Marxist communist takeover, but fascism and Marxism are different 
labels for the same tyranny. Tell those who lived in fascist Germany 
and Stalinist Russia that there was a difference in the way their 
freedom was deleted and their lives controlled. I could call it a fascist 
technocracy or a Marxist technocracy and they would be equally 
accurate. The Hunger Games society with its world government 
structure would oversee a world army, world central bank and single 
world cashless currency imposing its will on a microchipped 
population (Fig 5). Scan its different elements and see how the 
illusory pandemic is forcing society in this very direction at great 
speed. Leaders of 23 countries and the World Health Organization 
(WHO) backed the idea in March, 2021, of a global treaty for 
‘international cooperation’ in ‘health emergencies’ and nations 
should ‘come together as a global community for peaceful 
cooperation that extends beyond this crisis’. Cut the Orwellian 
bullshit and this means another step towards global government. 
The plan includes a cashless digital money system that I first warned 
about in 1993. Right at the start of “Covid’ the deeply corrupt Tedros 


Adhanom Ghebreyesus, the crooked and merely gofer ‘head’ of the 
World Health Organization, said it was possible to catch the ‘virus’ 
by touching cash and it was better to use cashless means. The claim 
was ridiculous nonsense and like the whole ‘Covid’ mind-trick it 
was nothing to do with ‘health’ and everything to do with pushing 
every aspect of the Cult agenda. As a result of the Tedros lie the use 
of cash has plummeted. The Cult script involves a single world 
digital currency that would eventually be technologically embedded 
in the body. China is a massive global centre for the Cult and if you 
watch what is happening there you will know what is planned for 
everywhere. The Chinese government is developing a digital 
currency which would allow fines to be deducted immediately via 
Al for anyone caught on camera breaking its fantastic list of laws 
and the money is going to be programmable with an expiry date to 
ensure that no one can accrue wealth except the Cult and its 
operatives. 


WORLD GOVERNMENT 
UNELECTED - RUN BY TECHNOCRATS 


WORLD ARMY * CENTRAL BANK * CURRENCY « 
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SUPERSTATES LIKE THE EU AND CENTRALLY 
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>) COUNTRIES REPLACED BY POWERLESS REGIONS 
== GLOBAL MONOCULTURE 


THE PEOPLE 


Figure 5: The structure of global control the Cult has been working towards for so long and 
this has been enormously advanced by the ‘Covid’ illusion. 


Seridom is so smart 

The Cult plan is far wider, extreme, and more comprehensive than 
even most conspiracy researchers appreciate and I will come to the 
true depths of deceit and control in the chapters ‘Who controls the 


Cult?’ and ‘Escaping Wetiko’. Even the world that we know is crazy 
enough. We are being deluged with ever more sophisticated and 
controlling technology under the heading of ‘smart’. We have smart 
televisions, smart meters, smart cards, smart cars, smart driving, 
smart roads, smart pills, smart patches, smart watches, smart skin, 
smart borders, smart pavements, smart streets, smart cities, smart 
communities, smart environments, smart growth, smart planet ... 
smart everything around us. Smart technologies and methods of 
operation are designed to interlock to create a global Smart Grid 
connecting the entirety of human society including human minds to 
create a centrally-dictated ‘hive’ mind. ‘Smart cities’ is code for 
densely-occupied megacities of total surveillance and control 
through AI. Ever more destructive frequency communication 
systems like 5G have been rolled out without any official testing for 
health and psychological effects (colossal). 5G/6G/7G systems are 
needed to run the Smart Grid and each one becomes more 
destructive of body and mind. Deleting independent income is 
crucial to forcing people into these Al-policed prisons by ending 
private property ownership (except for the Cult elite). The Cult’s 
Great Reset now openly foresees a global society in which no one 
will own any possessions and everything will be rented while the 
Cult would own literally everything under the guise of government 
and corporations. The aim has been to use the lockdowns to destroy 
sources of income on a mass scale and when the people are destitute 
and in unrepayable amounts of debt (problem) Cult assets come 
forward with the pledge to write-off debt in return for handing over 
all property and possessions (solution). Everything — literally 
everything including people — would be connected to the Internet 
via AI. I was warning years ago about the coming Internet of Things 
(loT) in which all devices and technology from your car to your 
fridge would be plugged into the Internet and controlled by AI. 
Now we are already there with much more to come. The next stage 
is the Internet of Everything (IoE) which is planned to include the 
connection of AI to the human brain and body to replace the human 
mind with a centrally-controlled AI mind. Instead of perceptions 


being manipulated through control of information and censorship 
those perceptions would come direct from the Cult through AI. 
What do you think? You think whatever AI decides that you think. 
In human terms there would be no individual ‘think’ any longer. Too 
incredible? The ravings of a lunatic? Not at all. Cult-owned crazies 
in Silicon Valley have been telling us the plan for years without 
explaining the real motivation and calculated implications. These 
include Google executive and ‘futurist’ Ray Kurzweil who highlights 
the year 2030 for when this would be underway. He said: 


Our thinking ... will be a hybrid of biological and non-biological thinking ... humans will be 
able to extend their limitations and ‘think in the cloud’ ... We’re going to put gateways to the 
cloud in our brains ... We're going to gradually merge and enhance ourselves ... In my view, 
that’s the nature of being human — we transcend our limitations. 


As the technology becomes vastly superior to what we are then the small proportion that is 
still human gets smaller and smaller and smaller until it’s just utterly negligible. 


The sales-pitch of Kurzweil and Cult-owned Silicon Valley is that 
this would make us ‘super-human’ when the real aim is to make us 
post-human and no longer ‘human’ in the sense that we have come 
to know. The entire global population would be connected to AI and 
become the centrally-controlled ‘hive-mind’ of externally-delivered 
perceptions. The Smart Grid being installed to impose the Cult’s will 
on the world is being constructed to allow particular locations — even 
one location — to control the whole global system. From these prime 
control centres, which absolutely include China and Israel, anything 
connected to the Internet would be switched on or off and 
manipulated at will. Energy systems could be cut, communication 
via the Internet taken down, computer-controlled driverless 
autonomous vehicles driven off the road, medical devices switched 
off, the potential is limitless given how much AI and Internet 
connections now run human society. We have seen nothing yet if we 
allow this to continue. Autonomous vehicle makers are working 
with law enforcement to produce cars designed to automatically pull 
over if they detect a police or emergency vehicle flashing from up to 
100 feet away. At a police stop the car would be unlocked and the 


window rolled down automatically. Vehicles would only take you 
where the computer (the state) allowed. The end of petrol vehicles 
and speed limiters on all new cars in the UK and EU from 2022 are 
steps leading to electric computerised transport over which 
ultimately you have no control. The picture is far bigger even than 
the Cult global network or web and that will become clear when I 
get to the nature of the ‘spider’. There is a connection between all 
these happenings and the instigation of DNA-manipulating 
‘vaccines’ (which aren’t ‘vaccines’) justified by the ‘Covid’ hoax. That 
connection is the unfolding plan to transform the human body from 
a biological to a synthetic biological state and this is why synthetic 
biology is such a fast-emerging discipline of mainstream science. 
‘Covid vaccines’ are infusing self-replicating synthetic genetic 
material into the cells to cumulatively take us on the Totalitarian 
Tiptoe from Human 1.0 to the synthetic biological Human 2.0 which 
will be physically and perceptually attached to the Smart Grid to one 
hundred percent control every thought, perception and deed. 
Humanity needs to wake up and fast. 


This is the barest explanation of where the ‘outcome’ is planned to 
go but it’s enough to see the journey happening all around us. Those 
new to this information will already see ‘Covid’ in a whole new 
context. I will add much more detail as we go along, but for the 
minutiae evidence see my mega-works, The Answer, The Trigger and 
Everything You Need to Know But Have Never Been Told. 

Now — how does a Renegade Mind see the ‘world’? 


CHAPTER TWO 
Renegade Perception 


It is one thing to be clever and another to be wise 
George R.R. Martin 


simple definition of the difference between a programmed 

mind and a Renegade Mind would be that one sees only dots 
while the other connects them to see the picture. Reading reality 
with accuracy requires the observer to (a) know the planned 
outcome and (b) realise that everything, but everything, is connected. 


The entirety of infinite reality is connected — that’s its very nature — 
and with human society an expression of infinite reality the same 
must apply. Simple cause and effect is a connection. The effect is 
triggered by the cause and the effect then becomes the cause of 
another effect. Nothing happens in isolation because it can’t. Life in 
whatever reality is simple choice and consequence. We make choices 
and these lead to consequences. If we don’t like the consequences we 
can make different choices and get different consequences which 
lead to other choices and consequences. The choice and the 
consequence are not only connected they are indivisible. You can’t 
have one without the other as an old song goes. A few cannot 
control the world unless those being controlled allow that to happen 
— cause and effect, choice and consequence. Control — who has it and 
who doesn’t — is a two-way process, a symbiotic relationship, 
involving the controller and controlled. “They took my freedom 
away!!’ Well, yes, but you also gave it to them. Humanity is 


subjected to mass control because humanity has acquiesced to that 
control. This is all cause and effect and literally a case of give and 
take. In the same way world events of every kind are connected and 
the Cult works incessantly to sell the illusion of the random and 
coincidental to maintain the essential (to them) perception of dots 
that hide the picture. Renegade Minds know this and constantly 
scan the world for patterns of connection. This is absolutely pivotal 
in understanding the happenings in the world and without that 
perspective clarity is impossible. First you know the planned 
outcome and then you identify the steps on the journey — the day-by- 
day apparently random which, when connected in relation to the 
outcome, no longer appear as individual events, but as the 
proverbial chain of events leading in the same direction. I’ll give you 
some examples: 


Political puppet show 

We are told to believe that politics is ‘adversarial’ in that different 
parties with different beliefs engage in an endless tussle for power. 
There may have been some truth in that up to a point — and only a 
point — but today divisions between ‘different’ parties are rhetorical 
not ideological. Even the rhetorical is fusing into one-speak as the 
parties eject any remaining free thinkers while others succumb to the 
ever-gathering intimidation of anyone with the ‘wrong’ opinion. The 
Cult is not anew phenomenon and can be traced back thousands of 
years as my books have documented. Its intergenerational initiates 
have been manipulating events with increasing effect the more that 
global power has been centralised. In ancient times the Cult secured 
control through the system of monarchy in which ‘special’ 
bloodlines (of which more later) demanded the right to rule as kings 
and queens simply by birthright and by vanquishing others who 
claimed the same birthright. There came a time, however, when 
people had matured enough to see the unfairness of such tyranny 
and demanded a say in who governed them. Note the word — 
governed them. Not served them — governed them, hence government 
defined as ‘the political direction and control exercised over the 


actions of the members, citizens, or inhabitants of communities, 
societies, and states; direction of the affairs of a state, community, 
etc.’ Governments exercise control over rather than serve just like the 
monarchies before them. Bizarrely there are still countries like the 
United Kingdom which are ruled by a monarch and a government 
that officially answers to the monarch. The UK head of state and that 
of Commonwealth countries such as Canada, Australia and New 
Zealand is ‘selected’ by who in a single family had unprotected sex 
with whom and in what order. Pinch me it can’t be true. Ouch! Shit, 
it is. The demise of monarchies in most countries offered a potential 
vacuum in which some form of free and fair society could arise and 
the Cult had that base covered. Monarchies had served its interests 
but they couldn’t continue in the face of such widespread opposition 
and, anyway, replacing a ‘royal’ dictatorship that people could see 
with a dictatorship ‘of the people’ hiding behind the concept of 
‘democracy’ presented far greater manipulative possibilities and 
ways of hiding coordinated tyranny behind the illusion of ‘freedom’. 


Democracy is quite wrongly defined as government selected by 
the population. This is not the case at all. It is government selected 
by some of the population (and then only in theory). This ‘some’ 
doesn’t even have to be the majority as we have seen so often in first- 
past-the-post elections in which the so-called majority party wins 
fewer votes than the ‘losing’ parties combined. Democracy can give 
total power to a party in government from a minority of the votes 
cast. It’s a sleight of hand to sell tyranny as freedom. Seventy-four 
million Trump-supporting Americans didn’t vote for the 
‘Democratic’ Party of Joe Biden in the distinctly dodgy election in 
2020 and yet far from acknowledging the wishes and feelings of that 
great percentage of American society the Cult-owned Biden 
government set out from day one to destroy them and their right to a 
voice and opinion. Empty shell Biden and his Cult handlers said 
they were doing this to ‘protect democracy’. Such is the level of 
lunacy and sickness to which politics has descended. Connect the 
dots and relate them to the desired outcome — a world government 
run by self-appointed technocrats and no longer even elected 


politicians. While operating through its political agents in 
government the Cult is at the same time encouraging public distain 
for politicians by putting idiots and incompetents in theoretical 
power on the road to deleting them. The idea is to instil a public 
reaction that says of the technocrats: ‘Well, they couldn't do any 
worse than the pathetic politicians.’ It’s all about controlling 
perception and Renegade Minds can see through that while 
programmed minds cannot when they are ignorant of both the 
planned outcome and the manipulation techniques employed to 
secure that end. This knowledge can be learned, however, and fast if 
people choose to get informed. 


Politics may at first sight appear very difficult to control from a 
central point. I mean look at the ‘different’ parties and how would 
you be able to oversee them all and their constituent parts? In truth, 
it’s very straightforward because of their structure. We are back to 
the pyramid of imposition and acquiescence. Organisations are 
structured in the same way as the system as a whole. Political parties 
are not open forums of free expression. They are hierarchies. I was a 
national spokesman for the British Green Party which claimed to be 
a different kind of politics in which influence and power was 
devolved; but I can tell you from direct experience — and it’s far 
worse now -— that Green parties are run as hierarchies like all the 
others however much they may try to hide that fact or kid 
themselves that it’s not true. A very few at the top of all political 
parties are directing policy and personnel. They decide if you are 
elevated in the party or serve as a government minister and to do 
that you have to be a yes man or woman. Look at all the maverick 
political thinkers who never ascended the greasy pole. If you want to 
progress within the party or reach ‘high-office’ you need to fall into 
line and conform. Exceptions to this are rare indeed. Should you 
want to run for parliament or Congress you have to persuade the 
local or state level of the party to select you and for that you need to 
play the game as dictated by the hierarchy. If you secure election and 
wish to progress within the greater structure you need to go on 
conforming to what is acceptable to those running the hierarchy 


from the peak of the pyramid. Political parties are perceptual gulags 
and the very fact that there are party ‘Whips’ appointed to ‘whip’ 
politicians into voting the way the hierarchy demands exposes the 
ridiculous idea that politicians are elected to serve the people they 
are supposed to represent. Cult operatives and manipulation has 
long seized control of major parties that have any chance of forming 
a government and at least most of those that haven’t. A new party 
forms and the Cult goes to work to infiltrate and direct. This has 
reached such a level today that you see video compilations of 
‘leaders’ of all parties whether Democrats, Republicans, 
Conservative, Labour and Green parroting the same Cult mantra of 
‘Build Back Better’ and the ‘Great Reset’ which are straight off the 
Cult song-sheet to describe the transformation of global society in 
response to the Cult-instigated hoaxes of the ‘Covid pandemic’ and 
human-caused ‘climate change’. To see Caroline Lucas, the Green 
Party MP that I knew when I was in the party in the 1980s, speaking 
in support of plans proposed by Cult operative Klaus Schwab 
representing the billionaire global elite is a real head-shaker. 


Many parties — one master 

The party system is another mind-trick and was instigated to change 
the nature of the dictatorship by swapping ‘royalty’ for dark suits 
that people believed — though now ever less so — represented their 
interests. Understanding this trick is to realise that a single force (the 
Cult) controls all parties either directly in terms of the major ones or 
through manipulation of perception and ideology with others. You 
don’t need to manipulate Green parties to demand your 
transformation of society in the name of ‘climate change’ when they 
are obsessed with the lie that this is essential to ‘save the planet’. You 
just give them a platform and away they go serving your interests 
while believing they are being environmentally virtuous. America’s 
political structure is a perfect blueprint for how the two or multi- 
party system is really a one-party state. The Republican Party is 
controlled from one step back in the shadows by a group made up of 
billionaires and their gofers known as neoconservatives or Neocons. 


I have exposed them in fine detail in my books and they were the 
driving force behind the policies of the imbecilic presidency of Boy 
George Bush which included 9/11 (see The Trigger for a 
comprehensive demolition of the official story), the subsequent ‘war 
on terror’ (war of terror) and the invasions of Afghanistan and Iraq. 
The latter was a No-Problem-Reaction-Solution based on claims by 
Cult operatives, including Bush and British Prime Minister Tony 
Blair, about Saddam Hussein’s ‘weapons of mass destruction’ which 
did not exist as war criminals Bush and Blair well knew. 


Figure 6: Different front people, different parties — same control system. 


The Democratic Party has its own ‘Neocon’ group controlling 
from the background which I call the ‘Democons’ and here’s the 
penny-drop — the Neocons and Democons answer to the same 
masters one step further back into the shadows (Fig 6). At that level 
of the Cult the Republican and Democrat parties are controlled by 
the same people and no matter which is in power the Cult is in 
power. This is how it works in almost every country and certainly in 
Britain with Conservative, Labour, Liberal Democrat and Green 
parties now all on the same page whatever the rhetoric may be in 
their feeble attempts to appear different. Neocons operated at the 
time of Bush through a think tank called The Project for the New 
American Century which in September, 2000, published a document 
entitled Rebuilding America’s Defenses: Strategies, Forces, and Resources 


For a New Century demanding that America fight ‘multiple, 
simultaneous major theatre wars’ as a ‘core mission’ to force regime- 
change in countries including Iraq, Libya and Syria. Neocons 
arranged for Bush (‘Republican’) and Blair (‘Labour Party’) to front- 
up the invasion of Iraq and when they departed the Democons 
orchestrated the targeting of Libya and Syria through Barack Obama 
(‘Democrat’) and British Prime Minister David Cameron 
(‘Conservative Party’). We have ‘different’ parties and ‘different’ 
people, but the same unfolding script. The more the Cult has seized 
the reigns of parties and personnel the more their policies have 
transparently pursued the same agenda to the point where the 
fascist ‘Covid’ impositions of the Conservative junta of Jackboot 
Johnson in Britain were opposed by the Labour Party because they 
were not fascist enough. The Labour Party is likened to the US 
Democrats while the Conservative Party is akin to a British version 
of the Republicans and on both sides of the Atlantic they all speak 
the same language and support the direction demanded by the Cult 
although some more enthusiastically than others. It’s a similar story 
in country after country because it’s all centrally controlled. Oh, but 
what about Trump? I’ll come to him shortly. Political ‘choice’ in the 
‘party’ system goes like this: You vote for Party A and they get into 
government. You don’t like what they do so next time you vote for 
Party B and they get into government. You don’t like what they do 
when it’s pretty much the same as Party A and why wouldn't that be 
with both controlled by the same force? Given that only two, 
sometimes three, parties have any chance of forming a government 
to get rid of Party B that you don’t like you have to vote again for 
Party A which ... you don’t like. This, ladies and gentlemen, is what 
they call ‘democracy’ which we are told — wrongly — is a term 
interchangeable with ‘freedom’. 


The cult of cults 

At this point I need to introduce a major expression of the Global 
Cult known as Sabbatian-Frankism. Sabbatian is also spelt as 
Sabbatean. I will summarise here. I have published major exposés 


and detailed background in other works. Sabbatian-Frankism 
combines the names of two frauds posing as ‘Jewish’ men, Sabbatai 
Zevi (1626-1676), a rabbi, black magician and occultist who 
proclaimed he was the Jewish messiah; and Jacob Frank (1726-1791), 
the Polish ‘Jew’, black magician and occultist who said he was the 
reincarnation of ‘messiah’ Zevi and biblical patriarch Jacob. They 
worked across two centuries to establish the Sabbatian-Frankist cult 
that plays a major, indeed central, role in the manipulation of human 
society by the Global Cult which has its origins much further back in 
history than Sabbatai Zevi. I should emphasise two points here in 
response to the shrill voices that will scream ‘anti-Semitism’: (1) 
Sabbatian-Frankists are NOT Jewish and only pose as such to hide 
their cult behind a Jewish facade; and (2) my information about this 
cult has come from Jewish sources who have long realised that their 
society and community has been infiltrated and taken over by 
interloper Sabbatian-Frankists. Infiltration has been the foundation 
technique of Sabbatian-Frankism from its official origin in the 17th 
century. Zevi’s Sabbatian sect attracted a massive following 
described as the biggest messianic movement in Jewish history, 
spreading as far as Africa and Asia, and he promised a return for the 
Jews to the ‘Promised Land’ of Israel. Sabbatianism was not Judaism 
but an inversion of everything that mainstream Judaism stood for. So 
much so that this sinister cult would have a feast day when Judaism 
had a fast day and whatever was forbidden in Judaism the 
Sabbatians were encouraged and even commanded to do. This 
included incest and what would be today called Satanism. Members 
were forbidden to marry outside the sect and there was a system of 
keeping their children ignorant of what they were part of until they 
were old enough to be trusted not to unknowingly reveal anything 
to outsiders. The same system is employed to this day by the Global 
Cult in general which Sabbatian-Frankism has enormously 
influenced and now largely controls. 

Zevi and his Sabbatians suffered a setback with the intervention 
by the Sultan of the Islamic Ottoman Empire in the Middle East and 
what is now the Republic of Turkey where Zevi was located. The 


Sultan gave him the choice of proving his ‘divinity’, converting to 
Islam or facing torture and death. Funnily enough Zevi chose to 
convert or at least appear to. Some of his supporters were 
disillusioned and drifted away, but many did not with 300 families 
also converting — only in theory — to Islam. They continued behind 
this Islamic smokescreen to follow the goals, rules and rituals of 
Sabbatianism and became known as ‘crypto-Jews’ or the ‘Donmeh’ 
which means ‘to turn’. This is rather ironic because they didn’t ‘turn’ 
and instead hid behind a fake Islamic persona. The process of 
appearing to be one thing while being very much another would 
become the calling card of Sabbatianism especially after Zevi’s death 
and the arrival of the Satanist Jacob Frank in the 18th century when 
the cult became Sabbatian-Frankism and plumbed still new depths 
of depravity and infiltration which included -— still includes — human 
sacrifice and sex with children. Wherever Sabbatians go paedophilia 
and Satanism follow and is it really a surprise that Hollywood is so 
infested with child abuse and Satanism when it was established by 
Sabbatian-Frankists and is still controlled by them? Hollywood has 
been one of the prime vehicles for global perceptual programming 
and manipulation. How many believe the version of ‘history’ 
portrayed in movies when it is a travesty and inversion (again) of the 
truth? Rabbi Marvin Antelman describes Frankism in his book, To 
Eliminate the Opiate, as ‘a movement of complete evil’ while Jewish 
professor Gershom Scholem said of Frank in The Messianic Idea in 
Judaism: ‘Tn all his actions [he was] a truly corrupt and degenerate 
individual ... one of the most frightening phenomena in the whole of 
Jewish history.’ Frank was excommunicated by traditional rabbis, as 
was Zevi, but Frank was undeterred and enjoyed vital support from 
the House of Rothschild, the infamous banking dynasty whose 
inner-core are Sabbatian-Frankists and not Jews. Infiltration of the 
Roman Church and Vatican was instigated by Frank with many 
Donmeh ‘turning’ again to convert to Roman Catholicism with a 
view to hijacking the reins of power. This was the ever-repeating 
modus operandi and continues to be so. Pose as an advocate of the 
religion, culture or country that you want to control and then 


manipulate your people into the positions of authority and influence 
largely as advisers, administrators and Svengalis for those that 
appear to be in power. They did this with Judaism, Christianity 
(Christian Zionism is part of this), Islam and other religions and 
nations until Sabbatian-Frankism spanned the world as it does 
today. 


Sabbatian Saudis and the terror network 

One expression of the Sabbatian-Frankist Donmeh within Islam is 
the ruling family of Saudi Arabia, the House of Saud, through which 
came the vile distortion of Islam known as Wahhabism. This is the 
violent creed followed by terrorist groups like Al-Qaeda and ISIS or 
Islamic State. Wahhabism is the hand-chopping, head-chopping 
‘religion’ of Saudi Arabia which is used to keep the people in a 
constant state of fear so the interloper House of Saud can continue to 
rule. Al-Qaeda and Islamic State were lavishly funded by the House 
of Saud while being created and directed by the Sabbatian-Frankist 
network in the United States that operates through the Pentagon, 
CIA and the government in general of whichever ‘party’. The front 
man for the establishment of Wahhabism in the middle of the 18th 
century was a Sabbatian-Frankist ‘crypto-Jew’ posing as Islamic 
called Muhammad ibn Abd al-Wahhab. His daughter would marry 
the son of Muhammad bin Saud who established the first Saudi state 
before his death in 1765 with support from the British Empire. Bin 
Saud’s successors would establish modern Saudi Arabia in league 
with the British and Americans in 1932 which allowed them to seize 
control of Islam’s major shrines in Mecca and Medina. They have 
dictated the direction of Sunni Islam ever since while Iran is the 
major centre of the Shiite version and here we have the source of at 
least the public conflict between them. The Sabbatian network has 
used its Wahhabi extremists to carry out Problem-Reaction-Solution 
terrorist attacks in the name of ‘Al-Qaeda’ and ‘Islamic State’ to 
justify a devastating ‘war on terror’, ever-increasing surveillance of 
the population and to terrify people into compliance. Another 
insight of the Renegade Mind is the streetwise understanding that 


just because a country, location or people are attacked doesn’t mean 
that those apparently representing that country, location or people 
are not behind the attackers. Often they are orchestrating the attacks 
because of the societal changes that can be then justified in the name 
of ‘saving the population from terrorists’. 


I show in great detail in The Trigger how Sabbatian-Frankists were 
the real perpetrators of 9/11 and not ‘19 Arab hijackers’ who were 
blamed for what happened. Observe what was justified in the name 
of 9/11 alone in terms of Middle East invasions, mass surveillance 
and control that fulfilled the demands of the Project for the New 
American Century document published by the Sabbatian Neocons. 
What appear to be enemies are on the deep inside players on the 
same Sabbatian team. Israel and Arab ‘royal’ dictatorships are all 
ruled by Sabbatians and the recent peace agreements between Israel 
and Saudi Arabia, the United Arab Emirates (UAE) and others are 
only making formal what has always been the case behind the 
scenes. Palestinians who have been subjected to grotesque tyranny 
since Israel was bombed and terrorised into existence in 1948 have 
never stood a chance. Sabbatian-Frankists have controlled Israel (so 
the constant theme of violence and war which Sabbatians love) and 
they have controlled the Arab countries that Palestinians have 
looked to for real support that never comes. ‘Royal families’ of the 
Arab world in Saudi Arabia, Bahrain, UAE, etc., are all Sabbatians 
with allegiance to the aims of the cult and not what is best for their 
Arabic populations. They have stolen the oil and financial resources 
from their people by false claims to be ‘royal dynasties’ with a 
genetic right to rule and by employing vicious militaries to impose 
their will. 


Satanic ‘illumination’ 

The Satanist Jacob Frank formed an alliance in 1773 with two other 
Sabbatians, Mayer Amschel Rothschild (1744-1812), founder of the 
Rothschild banking dynasty, and Jesuit-educated fraudulent Jew, 
Adam Weishaupt, and this led to the formation of the Bavarian 
Illuminati, firstly under another name, in 1776. The Illuminati would 


be the manipulating force behind the French Revolution (1789-1799) 
and was also involved in the American Revolution (1775-1783) 
before and after the Illuminati’s official creation. Weishaupt would 
later become (in public) a Protestant Christian in archetypal 
Sabbatian style. I read that his name can be decoded as Adam-Weis- 
haupt or ‘the first man to lead those who know’. He wasn’t a leader 
in the sense that he was a subordinate, but he did lead those below 
him in a crusade of transforming human society that still continues 
today. The theme was confirmed as early as 1785 when a horseman 
courier called Lanz was reported to be struck by lighting and 
extensive Illuminati documents were found in his saddlebags. They 
made the link to Weishaupt and detailed the plan for world takeover. 
Current events with ‘Covid’ fascism have been in the making for a 
very long time. Jacob Frank was jailed for 13 years by the Catholic 
Inquisition after his arrest in 1760 and on his release he headed for 
Frankfurt, Germany, home city and headquarters of the House of 
Rothschild where the alliance was struck with Mayer Amschel 
Rothschild and Weishaupt. Rothschild arranged for Frank to be 
given the title of Baron and he became a wealthy nobleman with a 
big following of Jews in Germany, the Austro-Hungarian Empire 
and other European countries. Most of them would have believed he 
was on their side. 

The name ‘Illuminati’ came from the Zohar which is a body of 
works in the Jewish mystical ‘bible’ called the Kabbalah. ‘Zohar’ is 
the foundation of Sabbatian-Frankist belief and in Hebrew ‘Zohar’ 
means ‘splendour’, ‘radiance’, ‘illuminated’, and so we have 
‘Tlluminati’. They claim to be the ‘Illuminated Ones’ from their 
knowledge systematically hidden from the human population and 
passed on through generations of carefully-chosen initiates in the 
global secret society network or Cult. Hidden knowledge includes 
an awareness of the Cult agenda for the world and the nature of our 
collective reality that I will explore later. Cult ‘illumination’ is 
symbolised by the torch held by the Statue of Liberty which was 
gifted to New York by French Freemasons in Paris who knew exactly 
what it represents. ‘Liberty’ symbolises the goddess worshipped in 


Babylon as Queen Semiramis or Ishtar. The significance of this will 
become clear. Notice again the ubiquitous theme of inversion with 
the Statue of ‘Liberty’ really symbolising mass control (Fig 7). A 
mirror-image statute stands on an island in the River Seine in Paris 
from where New York Liberty originated (Fig 8). A large replica of 
the Liberty flame stands on top of the Pont de l’Alma tunnel in Paris 
where Princess Diana died in a Cult ritual described in The Biggest 
Secret. Lucifer ‘the light bringer’ is related to all this (and much more 
as we'll see) and ‘Lucifer’ is a central figure in Sabbatian-Frankism 
and its associated Satanism. Sabbatians reject the Jewish Torah, or 
Pentateuch, the “five books of Moses’ in the Old Testament known as 
Genesis, Exodus, Leviticus, Numbers, and Deuteronomy which are 
claimed by Judaism and Christianity to have been dictated by ‘God’ 
to Moses on Mount Sinai. Sabbatians say these do not apply to them 
and they seek to replace them with the Zohar to absorb Judaism and 
its followers into their inversion which is an expression of a much 
greater global inversion. They want to delete all religions and force 
humanity to worship a one-world religion — Sabbatian Satanism that 
also includes worship of the Earth goddess. Satanic themes are being 
more and more introduced into mainstream society and while 
Christianity is currently the foremost target for destruction the 
others are planned to follow. 


Figure 7: The Cult goddess of Babylon disguised as the Statue of Liberty holding the flame of 
Lucifer the ‘light bringer’. 
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Figure 8: Liberty’s mirror image in Paris where the New York version originated. 


Marx brothers 

Rabbi Marvin Antelman connects the Illuminati to the Jacobins in To 
Eliminate the Opiate and Jacobins were the force behind the French 
Revolution. He links both to the Bund der Gerechten, or League of 
the Just, which was the network that inflicted communism/Marxism 
on the world. Antelman wrote: 


The original inner circle of the Bund der Gerechten consisted of born Catholics, Protestants 
and Jews [Sabbatian-Frankist infiltrators], and those representatives of respective subdivisions 
formulated schemes for the ultimate destruction of their faiths. The heretical Catholics laid 
plans which they felt would take a century or more for the ultimate destruction of the church; 
the apostate Jews for the ultimate destruction of the Jewish religion. 


Sabbatian-created communism connects into this anti-religion 
agenda in that communism does not allow for the free practice of 
religion. The Sabbatian ‘Bund’ became the International Communist 
Party and Communist League and in 1848 ‘Marxism’ was born with 
the Communist Manifesto of Sabbatian assets Karl Marx and 
Friedrich Engels. It is absolutely no coincidence that Marxism, just a 
different name for fascist and other centrally-controlled tyrannies, is 
being imposed worldwide as a result of the ‘Covid’ hoax and nor 
that Marxist/fascist China was the place where the hoax originated. 
The reason for this will become very clear in the chapter “Covid: The 
calculated catastrophe’. The so-called ‘Woke’ mentality has hijacked 


traditional beliefs of the political left and replaced them with far- 
right make-believe ‘social justice’ better known as Marxism. Woke 
will, however, be swallowed by its own perceived ‘revolution’ which 
is really the work of billionaires and billionaire corporations feigning 
being ‘Woke’. Marxism is being touted by Wokers as a replacement 
for ‘capitalism’ when we don’t have ‘capitalism’. We have cartelism 
in which the market is stitched up by the very Cult billionaires and 
corporations bankrolling Woke. Billionaires love Marxism which 
keeps the people in servitude while they control from the top. 
Terminally naive Wokers think they are ‘changing the world’ when 
it’s the Cult that is doing the changing and when they have played 
their vital part and become surplus to requirements they, too, will be 
targeted. The Illuminati-Jacobins were behind the period known as 
‘The Terror’ in the French Revolution in 1793 and 1794 when Jacobin 
Maximillian de Robespierre and his Orwellian ‘Committee of Public 
Safety’ killed 17,000 ‘enemies of the Revolution’ who had once been 
‘friends of the Revolution’. Karl Marx (1818-1883), whose Sabbatian 
creed of Marxism has cost the lives of at least 100 million people, is a 
hero once again to Wokers who have been systematically kept 
ignorant of real history by their ‘education’ programming. As a 
result they now promote a Sabbatian ‘Marxist’ abomination destined 
at some point to consume them. Rabbi Antelman, who spent decades 
researching the Sabbatian plot, said of the League of the Just and 
Karl Marx: 


Contrary to popular opinion Karl Marx did not originate the Communist Manifesto. He was 
paid for his services by the League of the Just, which was known in its country of origin, 
Germany, as the Bund der Geaechteten. 


Antelman said the text attributed to Marx was the work of other 
people and Marx ‘was only repeating what others already said’. 
Marx was ‘a hired hack — lackey of the wealthy Illuminists’. Marx 
famously said that religion was the ‘opium of the people’ (part of the 
Sabbatian plan to demonise religion) and Antelman called his books, 
To Eliminate the Opiate. Marx was born Jewish, but his family 
converted to Christianity (Sabbatian modus operandi) and he 


attacked Jews, not least in his book, A World Without Jews. In doing 
so he supported the Sabbatian plan to destroy traditional Jewishness 
and Judaism which we are clearly seeing today with the vindictive 
targeting of orthodox Jews by the Sabbatian government of Israel 
over ‘Covid’ laws. I don’t follow any religion and it has done much 
damage to the world over centuries and acted as a perceptual 
straightjacket. Renegade Minds, however, are always asking why 
something is being done. It doesn’t matter if they agree or disagree 
with what is happening — why is it happening is the question. The 
‘why?’ can be answered with regard to religion in that religions 
create interacting communities of believers when the Cult wants to 
dismantle all discourse, unity and interaction (see ‘Covid’ 
lockdowns) and the ultimate goal is to delete all religions for a one- 
world religion of Cult Satanism worshipping their ‘god’ of which 
more later. We see the same ‘why?’ with gun control in America. I 
don’t have guns and don’t want them, but why is the Cult seeking to 
disarm the population at the same time that law enforcement 
agencies are armed to their molars and why has every tyrant in 
history sought to disarm people before launching the final takeover? 
They include Hitler, Stalin, Pol Pot and Mao who followed 
confiscation with violent seizing of power. You know it’s a Cult 
agenda by the people who immediately race to the microphones to 
exploit dead people in multiple shootings. Ultra-Zionist Cult lackey 
Senator Chuck Schumer was straight on the case after ten people 
were killed in Boulder, Colorado in March, 2121. Simple rule ... if 
Schumer wants it the Cult wants it and the same with his ultra- 
Zionist mate the wild-eyed Senator Adam Schiff. At the same time 
they were calling for the disarmament of Americans, many of whom 
live a long way from a police response, Schumer, Schiff and the rest 
of these pampered clowns were sitting on Capitol Hill behind a 
razor-wired security fence protected by thousands of armed troops 
in addition to their own armed bodyguards. Mom and pop in an 
isolated home? They’re just potential mass shooters. 


Sabbatian-Frankists and most importantly the Rothschilds were 
behind the creation of ‘Zionism’, a political movement that 
demanded a Jewish homeland in Israel as promised by Sabbatai 
Zevi. The very symbol of Israel comes from the German meaning of 
the name Rothschild. Dynasty founder Mayer Amschel Rothschild 
changed the family name from Bauer to Rothschild, or “Red-Shield’ 
in German, in deference to the six-pointed ‘Star of David’ hexagram 
displayed on the family’s home in Frankfurt. The symbol later 
appeared on the flag of Israel after the Rothschilds were centrally 
involved in its creation. Hexagrams are not a uniquely Jewish 
symbol and are widely used in occult (‘hidden’) networks often as a 
symbol for Saturn (see my other books for why). Neither are 
Zionism and Jewishness interchangeable. Zionism is a political 
movement and philosophy and not a ‘race’ or a people. Many Jews 
oppose Zionism and many non-Jews, including US President Joe 
Biden, call themselves Zionists as does Israel-centric Donald Trump. 
America’s support for the Israel government is pretty much a gimme 
with ultra-Zionist billionaires and corporations providing fantastic 
and dominant funding for both political parties. Former 
Congresswoman Cynthia McKinney has told how she was 
approached immediately she ran for office to ‘sign the pledge’ to 
Israel and confirm that she would always vote in that country’s best 
interests. All American politicians are approached in this way. 
Anyone who refuses will get no support or funding from the 
enormous and all-powerful Zionist lobby that includes organisations 
like mega-lobby group AIPAC, the American Israel Public Affairs 
Committee. Trump’s biggest funder was ultra-Zionist casino and 
media billionaire Sheldon Adelson while major funders of the 
Democratic Party include ultra-Zionist George Soros and ultra- 
Zionist financial and media mogul, Haim Saban. Some may reel back 
at the suggestion that Soros is an Israel-firster (Sabbatian-controlled 
Israel-firster), but Renegade Minds watch the actions not the words 
and everywhere Soros donates his billions the Sabbatian agenda 
benefits. In the spirit of Sabbatian inversion Soros pledged $1 billion 
for anew university network to promote ‘liberal values and tackle 
intolerance’. He made the announcement during his annual speech 


at the Cult-owned World Economic Forum in Davos, Switzerland, in 
January, 2020, after his ‘harsh criticism’ of ‘authoritarian rulers’ 
around the world. You can only laugh at such brazen mendacity. 
How he doesn’t laugh is the mystery. Translated from the Orwellian 
‘liberal values and tackle intolerance’ means teaching non-white 
people to hate white people and for white people to loathe 
themselves for being born white. The reason for that will become 
clear. 


The ‘Anti-Semitism fraud 

Zionists support the Jewish homeland in the land of Palestine which 
has been the Sabbatian-Rothschild goal for so long, but not for the 
benefit of Jews. Sabbatians and their global Anti-Semitism Industry 
have skewed public and political opinion to equate opposing the 
violent extremes of Zionism to be a blanket attack and condemnation 
of all Jewish people. Sabbatians and their global Anti-Semitism 
Industry have skewed public and political opinion to equate 
opposing the violent extremes of Zionism to be a blanket attack and 
condemnation of all Jewish people. This is nothing more than a 
Sabbatian protection racket to stop legitimate investigation and 
exposure of their agendas and activities. The official definition of 
‘anti-Semitism’ has more recently been expanded to include criticism 
of Zionism — a political movement — and this was done to further stop 
exposure of Sabbatian infiltrators who created Zionism as we know 
it today in the 19th century. Renegade Minds will talk about these 
subjects when they know the shit that will come their way. People 
must decide if they want to know the truth or just cower in the 
corner in fear of what others will say. Sabbatians have been trying to 
label me as ‘anti-Semitic’ since the 1990s as I have uncovered more 
and more about their background and agendas. Useless, gutless, 
fraudulent ‘journalists’ then just repeat the smears without question 
and on the day I was writing this section a pair of unquestioning 
repeaters called Ben Quinn and Archie Bland (how appropriate) 
outright called me an ‘anti-Semite’ in the establishment propaganda 
sheet, the London Guardian, with no supporting evidence. The 


Sabbatian Anti-Semitism Industry said so and who are they to 
question that? They wouldn’t dare. Ironically ‘Semitic’ refers to a 
group of languages in the Middle East that are almost entirely 
Arabic. ‘Anti-Semitism’ becomes ‘anti-Arab’ which if the 
consequences of this misunderstanding were not so grave would be 
hilarious. Don’t bother telling Quinn and Bland. I don’t want to 
confuse them, bless ‘em. One reason Iam dubbed ‘anti-Semitic’ is 
that I wrote in the 1990s that Jewish operatives (Sabbatians) were 
heavily involved in the Russian Revolution when Sabbatians 
overthrew the Romanov dynasty. This apparently made me ‘anti- 
Semitic’. Oh, really? Here is a section from The Trigger: 


British journalist Robert Wilton confirmed these themes in his 1920 book The Last Days of the 
Romanovs when he studied official documents from the Russian government to identify the 
members of the Bolshevik ruling elite between 1917 and 1919. The Central Committee 
included 41 Jews among 62 members; the Council of the People’s Commissars had 17 Jews 
out of 22 members; and 458 of the 556 most important Bolshevik positions between 1918 and 
1919 were occupied by Jewish people. Only 17 were Russian. Then there were the 23 Jews 
among the 36 members of the vicious Cheka Soviet secret police established in 1917 who 
would soon appear all across the country. 


Professor Robert Service of Oxford University, an expert on 20th century Russian history, 
found evidence that [‘Jewish’] Leon Trotsky had sought to make sure that Jews were enrolled 
in the Red Army and were disproportionately represented in the Soviet civil bureaucracy that 
included the Cheka which performed mass arrests, imprisonment and executions of ‘enemies 
of the people’. A US State Department Decimal File (861.00/5339) dated November 13th, 
1918, names [Rothschild banking agent in America] Jacob Schiff and a list of ultra-Zionists as 
funders of the Russian Revolution leading to claims of a ‘Jewish plot’, but the key point missed 
by all is they were not ‘Jews’ — they were Sabbatian-Frankists. 


Britain’s Winston Churchill made the same error by mistake or 
otherwise. He wrote in a 1920 edition of the Illustrated Sunday Herald 
that those behind the Russian revolution were part of a “worldwide 
conspiracy for the overthrow of civilisation and for the 
reconstitution of society on the basis of arrested development, of 
envious malevolence, and impossible equality’ (see ‘Woke’ today 
because that has been created by the same network). Churchill said 
there was no need to exaggerate the part played in the creation of 
Bolshevism and in the actual bringing about of the Russian 


Revolution ‘by these international and for the most part atheistical 
Jews’ [‘atheistical Jews’ = Sabbatians]. Churchill said it is certainly a 
very great one and probably outweighs all others: ‘With the notable 
exception of Lenin, the majority of the leading figures are Jews.’ He 
went on to describe, knowingly or not, the Sabbatian modus 
operandi of placing puppet leaders nominally in power while they 
control from the background: 


Moreover, the principal inspiration and driving power comes from the Jewish leaders. Thus 
Tchitcherin, a pure Russian, is eclipsed by his nominal subordinate, Litvinoff, and the 
influence of Russians like Bukharin or Lunacharski cannot be compared with the power of 
Trotsky, or of Zinovieff, the Dictator of the Red Citadel (Petrograd), or of Krassin or Radek — all 
Jews. In the Soviet institutions the predominance of Jews is even more astonishing. And the 
prominent, if not indeed the principal, part in the system of terrorism applied by the 
Extraordinary Commissions for Combatting Counter-Revolution has been taken by Jews, and 
in some notable cases by Jewesses. 


What I said about seriously disproportionate involvement in the 
Russian Revolution by Jewish ‘revolutionaries’ (Sabbatians) is 
provable fact, but truth is no defence against the Sabbatian Anti- 
Semitism Industry, its repeater parrots like Quinn and Bland, and 
the now breathtaking network of so-called ‘Woke’ ‘anti-hate’ groups 
with interlocking leaderships and funding which have the role of 
discrediting and silencing anyone who gets too close to exposing the 
Sabbatians. We have seen ‘truth is no defence’ confirmed in legal 
judgements with the Saskatchewan Human Rights Commission in 
Canada decreeing this: ‘Truthful statements can be presented in a 
manner that would meet the definition of hate speech, and not all 
truthful statements must be free from restriction.’ Most ‘anti-hate’ 
activists, who are themselves consumed by hatred, are too stupid 
and ignorant of the world to know how they are being used. They 
are far too far up their own virtue-signalling arses and it’s far too 
dark for them to see anything. 


The ‘revolution’ game 


The background and methods of the ‘Russian’ Revolution are 
straight from the Sabbatian playbook seen in the French Revolution 


and endless others around the world that appear to start as a 
revolution of the people against tyrannical rule and end up with a 
regime change to more tyrannical rule overtly or covertly. Wars, 
terror attacks and regime overthrows follow the Sabbatian cult 
through history with its agents creating them as Problem-Reaction- 
Solutions to remove opposition on the road to world domination. 
Sabbatian dots connect the Rothschilds with the Illuminati, Jacobins 
of the French Revolution, the ‘Bund’ or League of the Just, the 
International Communist Party, Communist League and the 
Communist Manifesto of Karl Marx and Friedrich Engels that would 
lead to the Rothschild-funded Russian Revolution. The sequence 
comes under the heading of ‘creative destruction’ when you advance 
to your global goal by continually destroying the status quo to install 
a new status quo which you then also destroy. The two world wars 
come to mind. With each new status quo you move closer to your 
planned outcome. Wars and mass murder are to Sabbatians a 
collective blood sacrifice ritual. They are obsessed with death for 
many reasons and one is that death is an inversion of life. Satanists 
and Sabbatians are obsessed with death and often target churches 
and churchyards for their rituals. Inversion-obsessed Sabbatians 
explain the use of inverted symbolism including the inverted 
pentagram and inverted cross. The inversion of the cross has been 
related to targeting Christianity, but the cross was a religious symbol 
long before Christianity and its inversion is a statement about the 
Sabbatian mentality and goals more than any single religion. 


Sabbatians operating in Germany were behind the rise of the 
occult-obsessed Nazis and the subsequent Jewish exodus from 
Germany and Europe to Palestine and the United States after World 
War Two. The Rothschild dynasty was at the forefront of this both as 
political manipulators and by funding the operation. Why would 
Sabbatians help to orchestrate the horrors inflicted on Jews by the 
Nazis and by Stalin after they organised the Russian Revolution? 
Sabbatians hate Jews and their religion, that’s why. They pose as 
Jews and secure positions of control within Jewish society and play 
the ‘anti-Semitism’ card to protect themselves from exposure 


through a global network of organisations answering to the 
Sabbatian-created-and-controlled globe-spanning intelligence 
network that involves a stunning web of military-intelligence 
operatives and operations for a tiny country of just nine million. 
Among them are Jewish assets who are not Sabbatians but have been 
convinced by them that what they are doing is for the good of Israel 
and the Jewish community to protect them from what they have 
been programmed since childhood to believe is a Jew-hating hostile 
world. The Jewish community is just a highly convenient cover to 
hide the true nature of Sabbatians. Anyone getting close to exposing 
their game is accused by Sabbatian place-people and gofers of ‘anti- 
Semitism’ and claiming that all Jews are part of a plot to take over 
the world. I am not saying that. I am saying that Sabbatians — the real 
Jew-haters — have infiltrated the Jewish community to use them both 
as a cover and an ‘anti-Semitic’ defence against exposure. Thus we 
have the Anti-Semitism Industry targeted researchers in this way 
and most Jewish people think this is justified and genuine. They 
don’t know that their ‘Jewish’ leaders and institutions of state, 
intelligence and military are not controlled by Jews at all, but cultists 
and stooges of Sabbatian-Frankism. I once added my name to a pro- 
Jewish freedom petition online and the next time I looked my name 
was gone and text had been added to the petition blurb to attack me 
as an ‘anti-Semite’ such is the scale of perceptual programming. 


I tell the story in The Trigger and a chapter called ‘Atlantic Crossing’ 
how particularly after Israel was established the Sabbatians moved 
in on the United States and eventually grasped control of 
government administration, the political system via both Democrats 
and Republicans, the intelligence community like the CIA and 
National Security Agency (NSA), the Pentagon and mass media. 
Through this seriously compartmentalised network Sabbatians and 
their operatives in Mossad, Israeli Defense Forces (IDF) and US 
agencies pulled off 9/11 and blamed it on 19 ‘Al-Qaeda hijackers’ 
dominated by men from, or connected to, Sabbatian-ruled Saudi 


Arabia. The ‘19’ were not even on the planes let alone flew those big 
passenger jets into buildings while being largely incompetent at 
piloting one-engine light aircraft. ‘Hijacker’ Hani Hanjour who is 
said to have flown American Airlines Flight 77 into the Pentagon 
with a turn and manoeuvre most professional pilots said they would 
have struggled to do was banned from renting a small plane by 
instructors at the Freeway Airport in Bowie, Maryland, just six weeks 
earlier on the grounds that he was an incompetent pilot. The Jewish 
population of the world is just 0.2 percent with even that almost 
entirely concentrated in Israel (75 percent Jewish) and the United 
States (around two percent). This two percent and globally 0.2 
percent refers to Jewish people and not Sabbatian interlopers who are 
a fraction of that fraction. What a sobering thought when you think 
of the fantastic influence on world affairs of tiny Israel and that the 
Project for the New America Century (PNAC) which laid out the 
blueprint in September, 2000, for America’s war on terror and regime 
change wars in Iraq, Libya and Syria was founded and dominated by 
Sabbatians known as ‘Neocons’. The document conceded that this 
plan would not be supported politically or publicly without a major 
attack on American soil and a Problem-Reaction-Solution excuse to 
send troops to war across the Middle East. Sabbatian Neocons said: 


... [The] process of transformation ... [war and regime change] ... is likely to be a long one, 
absent some catastrophic and catalysing event — like a new Pearl Harbor. 


Four months later many of those who produced that document 
came to power with their inane puppet George Bush from the long- 
time Sabbatian Bush family. They included Sabbatian Dick Cheney 
who was Officially vice-president, but really de-facto president for 
the entirety of the ‘Bush’ government. Nine months after the ‘Bush’ 
inauguration came what Bush called at the time ‘the Pearl Harbor of 
the 21st century’ and with typical Sabbatian timing and symbolism 
2001 was the 60th anniversary of the attack in 1941 by the Japanese 
Air Force on Pearl Harbor, Hawaii, which allowed President 
Franklin Delano Roosevelt to take the United States into a Sabbatian- 


instigated Second World War that he said in his election campaign 
that he never would. The evidence is overwhelming that Roosevelt 
and his military and intelligence networks knew the attack was 
coming and did nothing to stop it, but they did make sure that 
America’s most essential naval ships were not in Hawaii at the time. 
Three thousand Americans died in the Pearl Harbor attacks as they 
did on September 11th. By the 9/11 year of 2001 Sabbatians had 
widely infiltrated the US government, military and intelligence 
operations and used their compartmentalised assets to pull off the 
‘Al-Qaeda’ attacks. If you read The Trigger it will blow your mind to 
see the utterly staggering concentration of ‘Jewish’ operatives 
(Sabbatian infiltrators) in essential positions of political, security, 
legal, law enforcement, financial and business power before, during, 
and after the attacks to make them happen, carry them out, and then 
cover their tracks — and I do mean staggering when you think of that 
0.2 percent of the world population and two percent of Americans 
which are Jewish while Sabbatian infiltrators are a fraction of that. A 
central foundation of the 9/11 conspiracy was the hijacking of 
government, military, Air Force and intelligence computer systems 
in real time through “back-door’ access made possible by Israeli 
(Sabbatian) ‘cyber security’ software. Sabbatian-controlled Israel is 
on the way to rivalling Silicon Valley for domination of cyberspace 
and is becoming the dominant force in cyber-security which gives 
them access to entire computer systems and their passcodes across 
the world. Then add to this that Zionists head (officially) Silicon 
Valley giants like Google (Larry Page and Sergey Brin), Google- 
owned YouTube (Susan Wojcicki), Facebook (Mark Zuckerberg and 
Sheryl Sandberg), and Apple (Chairman Arthur D. Levinson), and 
that ultra-Zionist hedge fund billionaire Paul Singer has a $1 billion 
stake in Twitter which is only nominally headed by ‘CEO’ pothead 
Jack Dorsey. As cable news host Tucker Carlson said of Dorsey: 
‘There used to be debate in the medical community whether 
dropping a ton of acid had permanent effects and I think that debate 
has now ended.’ Carlson made the comment after Dorsey told a 
hearing on Capitol Hill (if you cut through his bullshit) that he 


believed in free speech so long as he got to decide what you can hear 
and see. These ‘big names’ of Silicon Valley are only front men and 
women for the Global Cult, not least the Sabbatians, who are the true 
controllers of these corporations. Does anyone still wonder why 
these same people and companies have been ferociously censoring 
and banning people (like me) for exposing any aspect of the Cult 
agenda and especially the truth about the ‘Covid’ hoax which 
Sabbatians have orchestrated? 

The Jeffrey Epstein paedophile ring was a Sabbatian operation. He 
was Officially ‘Jewish’ but he was a Sabbatian and women abused by 
the ring have told me about the high number of ‘Jewish’ people 
involved. The Epstein horror has Sabbatian written all over it and 
matches perfectly their modus operandi and obsession with sex and 
ritual. Epstein was running a Sabbatian blackmail ring in which 
famous people with political and other influence were provided 
with young girls for sex while everything was being filmed and 
recorded on hidden cameras and microphones at his New York 
house, Caribbean island and other properties. Epstein survivors 
have described this surveillance system to me and some have gone 
public. Once the famous politician or other figure knew he or she 
was on video they tended to do whatever they were told. Here we go 
again ...when you've got them by the balls their hearts and minds 
will follow. Sabbatians use this blackmail technique on a wide scale 
across the world to entrap politicians and others they need to act as 
demanded. Epstein’s private plane, the infamous ‘Lolita Express’, 
had many well-known passengers including Bill Clinton while Bill 
Gates has flown on an Epstein plane and met with him four years 
after Epstein had been jailed for paedophilia. They subsequently met 
many times at Epstein’s home in New York according to a witness 
who was there. Epstein’s infamous side-kick was Ghislaine Maxwell, 
daughter of Mossad agent and ultra-Zionist mega-crooked British 
businessman, Bob Maxwell, who at one time owned the Daily Mirror 
newspaper. Maxwell was murdered at sea on his boat in 1991 by 
Sabbatian-controlled Mossad when he became a liability with his 


business empire collapsing as a former Mossad operative has 
confirmed (see The Trigger). 


Money, money, money, funny money... 
Before I come to the Sabbatian connection with the last three US 
presidents I will lay out the crucial importance to Sabbatians of 
controlling banking and finance. Sabbatian Mayer Amschel 
Rothschild set out to dominate this arena in his family’s quest for 
total global control. What is freedom? It is, in effect, choice. The 
more choices you have the freer you are and the fewer your choices 
the more you are enslaved. In the global structure created over 
centuries by Sabbatians the biggest decider and restrictor of choice is 
... money. Across the world if you ask people what they would like 
to do with their lives and why they are not doing that they will reply 
‘I don’t have the money’. This is the idea. A global elite of multi- 
billionaires are described as ‘greedy’ and that is true on one level; 
but control of money — who has it and who doesn’t — is not primarily 
about greed. It’s about control. Sabbatians have seized ever more 
control of finance and sucked the wealth of the world out of the 
hands of the population. We talk now, after all, about the ‘One- 
percent’ and even then the wealthiest are a lot fewer even than that. 
This has been made possible by a money scam so outrageous and so 
vast it could rightly be called the scam of scams founded on creating 
‘money’ out of nothing and ‘loaning’ that with interest to the 
population. Money out of nothing is called ‘credit’. Sabbatians have 
asserted control over governments and banking ever more 
completely through the centuries and secured financial laws that 
allow banks to lend hugely more than they have on deposit in a 
confidence trick known as fractional reserve lending. Imagine if you 
could lend money that doesn’t exist and charge the recipient interest 
for doing so. You would end up in jail. Bankers by contrast end up in 
mansions, private jets, Malibu and Monaco. 

Banks are only required to keep a fraction of their deposits and 
wealth in their vaults and they are allowed to lend ‘money’ they 
don’t have called ‘credit. Go into a bank for a loan and if you succeed 


the banker will not move any real wealth into your account. They 
will type into your account the amount of the agreed ‘loan’ — say 
£100,000. This is not wealth that really exists; it is non-existent, fresh- 
air, created-out-of-nothing ‘credit’ which has never, does not, and 
will never exist except in theory. Credit is backed by nothing except 
wind and only has buying power because people think that it has 
buying power and accept it in return for property, goods and 
services. I have described this situation as like those cartoon 
characters you see chasing each other and when they run over the 
edge of a cliff they keep running forward on fresh air until one of 
them looks down, realises what’s happened, and they all crash into 
the ravine. The whole foundation of the Sabbatian financial system is 
to stop people looking down except for periodic moments when they 
want to crash the system (as in 2008 and 2020 ongoing) and reap the 
rewards from all the property, businesses and wealth their borrowers 
had signed over as ‘collateral’ in return for a ‘loan’ of fresh air. Most 
people think that money is somehow created by governments when 
it comes into existence from the start as a debt through banks 
‘lending’ illusory money called credit. Yes, the very currency of 
exchange is a debt from day one issued as an interest-bearing loan. 
Why don’t governments create money interest-free and lend it to 
their people interest-free? Governments are controlled by Sabbatians 
and the financial system is controlled by Sabbatians for whom 
interest-free money would be a nightmare come true. Sabbatians 
underpin their financial domination through their global network of 
central banks, including the privately-owned US Federal Reserve 
and Britain’s Bank of England, and this is orchestrated by a 
privately-owned central bank coordination body called the Bank for 
International Settlements in Basle, Switzerland, created by the usual 
suspects including the Rockefellers and Rothschilds. Central bank 
chiefs don’t answer to governments or the people. They answer to 
the Bank for International Settlements or, in other words, the Global 
Cult which is dominated today by Sabbatians. 


There are so many constituent scams within the overall banking 
scam. When you take out a loan of thin-air credit only the amount of 
that loan is theoretically brought into circulation to add to the 
amount in circulation; but you are paying back the principle plus 
interest. The additional interest is not created and this means that 
with every ‘loan’ there is a shortfall in the money in circulation 
between what is borrowed and what has to be paid back. There is 
never even close to enough money in circulation to repay all 
outstanding public and private debt including interest. Coldly 
weaved in the very fabric of the system is the certainty that some 
will lose their homes, businesses and possessions to the banking 
‘lender’. This is less obvious in times of ‘boom’ when the amount of 
money in circulation (and the debt) is expanding through more 
people wanting and getting loans. When a downturn comes and the 
money supply contracts it becomes painfully obvious that there is 
not enough money to service all debt and interest. This is less 
obvious in times of ‘boom’ when the amount of money in circulation 
(and the debt) is expanding through more people wanting and 
getting loans. When a downturn comes and the money supply 
contracts and it becomes painfully obvious — as in 2008 and currently 
— that there is not enough money to service all debt and interest. 
Sabbatian banksters have been leading the human population 
through a calculated series of booms (more debt incurred) and busts 
(when the debt can’t be repaid and the banks get the debtor’s 
tangible wealth in exchange for non-existent ‘credit’). With each 
‘bust’ Sabbatian bankers have absorbed more of the world’s tangible 
wealth and we end up with the One-percent. Governments are in 
bankruptcy levels of debt to the same system and are therefore 
owned by a system they do not control. The Federal Reserve, 
‘America’s central bank’, is privately-owned and American 
presidents only nominally appoint its chairman or woman to 
maintain the illusion that it’s an arm of government. It’s not. The 
‘Fed’ is a cartel of private banks which handed billions to its 
associates and friends after the crash of 2008 and has been Sabbatian- 
controlled since it was manipulated into being in 1913 through the 
covert trickery of Rothschild banking agents Jacob Schiff and Paul 


Warburg, and the Sabbatian Rockefeller family. Somehow from a 
Jewish population of two-percent and globally 0.2 percent (Sabbatian 
interlopers remember are far smaller) ultra-Zionists headed the 
Federal Reserve for 31 years between 1987 and 2018 in the form of 
Alan Greenspan, Bernard Bernanke and Janet Yellen (now Biden’s 
Treasury Secretary) with Yellen’s deputy chairman a Israeli- 
American duel citizen and ultra-Zionist Stanley Fischer, a former 
governor of the Bank of Israel. Ultra-Zionist Fed chiefs spanned the 
presidencies of Ronald Reagan (‘Republican’), Father George Bush 
(‘Republican’), Bill Clinton (‘Democrat’), Boy George Bush 
(‘Republican’) and Barack Obama (‘Democrat’). We should really 
add the pre-Greenspan chairman, Paul Adolph Volcker, ‘appointed’ 
by Jimmy Carter (‘Democrat’) who ran the Fed between 1979 and 
1987 during the Carter and Reagan administrations before 
Greenspan took over. Volcker was a long-time associate and business 
partner of the Rothschilds. No matter what the ‘party’ officially in 
power the United States economy was directed by the same force. 
Here are members of the Obama, Trump and Biden administrations 
and see if you can make out a common theme. 


Barack Obama (Democrat) 

Ultra-Zionists Robert Rubin, Larry Summers, and Timothy Geithner 
ran the US Treasury in the Clinton administration and two of them 
reappeared with Obama. Ultra-Zionist Fed chairman Alan 
Greenspan had manipulated the crash of 2008 through deregulation 
and jumped ship just before the disaster to make way for ultra- 
Zionist Bernard Bernanke to hand out trillions to Sabbatian ‘too big 
to fail’ banks and businesses, including the ubiquitous ultra-Zionist 
Goldman Sachs which has an ongoing staff revolving door operation 
between itself and major financial positions in government 
worldwide. Obama inherited the fallout of the crash when he took 
office in January, 2009, and fortunately he had the support of his 
ultra-Zionist White House Chief of Staff Rahm Emmanuel, son of a 
terrorist who helped to bomb Israel into being in 1948, and his ultra- 
Zionist senior adviser David Axelrod, chief strategist in Obama’s two 


successful presidential campaigns. Emmanuel, later mayor of 
Chicago and former senior fundraiser and strategist for Bill Clinton, 
is an example of the Sabbatian policy after Israel was established of 
migrating insider families to America so their children would be 
born American citizens. ‘Obama’ chose this financial team 
throughout his administration to respond to the Sabbatian-instigated 
crisis: 

Timothy Geithner (ultra-Zionist) Treasury Secretary; Jacob J. Lew, 
Treasury Secretary; Larry Summers (ultra-Zionist), director of the 
White House National Economic Council; Paul Adolph Volcker 
(Rothschild business partner), chairman of the Economic Recovery 
Advisory Board; Peter Orszag (ultra-Zionist), director of the Office of 
Management and Budget overseeing all government spending; 
Penny Pritzker (ultra-Zionist), Commerce Secretary; Jared Bernstein 
(ultra-Zionist), chief economist and economic policy adviser to Vice 
President Joe Biden; Mary Schapiro (ultra-Zionist), chair of the 
Securities and Exchange Commission (SEC); Gary Gensler (ultra- 
Zionist), chairman of the Commodity Futures Trading Commission 
(CFTC); Sheila Bair (ultra-Zionist), chair of the Federal Deposit 
Insurance Corporation (FDIC); Karen Mills (ultra-Zionist), head of 
the Small Business Administration (SBA); Kenneth Feinberg (ultra- 
Zionist), Special Master for Executive [bail-out] Compensation. 
Feinberg would be appointed to oversee compensation (with strings) 
to 9/11 victims and families in a campaign to stop them having their 
day in court to question the official story. At the same time ultra- 
Zionist Bernard Bernanke was chairman of the Federal Reserve and 
these are only some of the ultra-Zionists with allegiance to 
Sabbatian-controlled Israel in the Obama government. Obama’s 
biggest corporate donor was ultra-Zionist Goldman Sachs which had 
employed many in his administration. 


Donald Trump (Republican) 

Trump claimed to be an outsider (he wasn’t) who had come to ‘drain 
the swamp’. He embarked on this goal by immediately appointing 
ultra-Zionist Steve Mnuchin, a Goldman Sachs employee for 17 


years, as his Treasury Secretary. Others included Gary Cohn (ultra- 
Zionist), chief operating officer of Goldman Sachs, his first Director 
of the National Economic Council and chief economic adviser, who 
was later replaced by Larry Kudlow (ultra-Zionist). Trump’s senior 
adviser throughout his four years in the White House was his 
sinister son-in-law Jared Kushner, a life-long friend of Israel Prime 
Minister Benjamin Netanyahu. Kushner is the son of a convicted 
crook who was pardoned by Trump in his last days in office. Other 
ultra-Zionists in the Trump administration included: Stephen Miller, 
Senior Policy Adviser; Avrahm Berkowitz, Deputy Adviser to Trump 
and his Senior Adviser Jared Kushner; Ivanka Trump, Adviser to the 
President, who converted to Judaism when she married Jared 
Kushner; David Friedman, Trump lawyer and Ambassador to Israel; 
Jason Greenblatt, Trump Organization executive vice president and 
chief legal officer, who was made Special Representative for 
International Negotiations and the Israeli-Palestinian Conflict; Rod 
Rosenstein, Deputy Attorney General; Elliot Abrams, Special 
Representative for Venezuela, then Iran; John Eisenberg, National 
Security Council Legal Adviser and Deputy Council to the President 
for National Security Affairs; Anne Neuberger, Deputy National 
Manager, National Security Agency; Ezra Cohen-Watnick, Acting 
Under Secretary of Defense for Intelligence; Elan Carr, Special Envoy 
to monitor and combat anti-Semitism; Len Khodorkovsky, Deputy 
Special Envoy to monitor and combat anti-Semitism; Reed Cordish, 
Assistant to the President, Intragovernmental and Technology 
Initiatives. Trump Vice President Mike Pence and Secretary of State 
Mike Pompeo, both Christian Zionists, were also vehement 
supporters of Israel and its goals and ambitions. 

Donald ‘free-speech believer’ Trump pardoned a number of 
financial and violent criminals while ignoring calls to pardon Julian 
Assange and Edward Snowden whose crimes are revealing highly 
relevant information about government manipulation and 
corruption and the widespread illegal surveillance of the American 
people by US ‘security’ agencies. It’s so good to know that Trump is 
on the side of freedom and justice and not mega-criminals with 


allegiance to Sabbatian-controlled Israel. These included a pardon 
for Israeli spy Jonathan Pollard who was jailed for life in 1987 under 
the Espionage Act. Aviem Sella, the Mossad agent who recruited 
Pollard, was also pardoned by Trump while Assange sat in jail and 
Snowden remained in exile in Russia. Sella had ‘fled’ (was helped to 
escape) to Israel in 1987 and was never extradited despite being 
charged under the Espionage Act. A Trump White House statement 
said that Sella’s clemency had been ‘supported by Benjamin 
Netanyahu, Ron Dermer, Israel’s US Ambassador, David Friedman, 
US Ambassador to Israel and Miriam Adelson, wife of leading 
Trump donor Sheldon Adelson who died shortly before. Other 
friends of Jared Kushner were pardoned along with Sholom Weiss 
who was believed to be serving the longest-ever white-collar prison 
sentence of more than 800 years in 2000. The sentence was 
commuted of Ponzi-schemer Eliyahu Weinstein who defrauded Jews 
and others out of $200 million. I did mention that Assange and 
Snowden were ignored, right? Trump gave Sabbatians almost 
everything they asked for in military and political support, moving 
the US Embassy from Tel Aviv to Jerusalem with its critical symbolic 
and literal implications for Palestinian statehood, and the ‘deal of the 
Century’ designed by Jared Kushner and David Friedman which 
gave the Sabbatian Israeli government the green light to 
substantially expand its already widespread program of building 
illegal Jewish-only settlements in the occupied land of the West 
Bank. This made a two-state ‘solution’ impossible by seizing all the 
land of a potential Palestinian homeland and that had been the plan 
since 1948 and then 1967 when the Arab-controlled Gaza Strip, West 
Bank, Sinai Peninsula and Syrian Golan Heights were occupied by 
Israel. All the talks about talks and road maps and delays have been 
buying time until the West Bank was physically occupied by Israeli 
real estate. Trump would have to be a monumentally ill-informed 
idiot not to see that this was the plan he was helping to complete. 
The Trump administration was in so many ways the Kushner 
administration which means the Netanyahu administration which 
means the Sabbatian administration. I understand why many 
opposing Cult fascism in all its forms gravitated to Trump, but he 


was a crucial part of the Sabbatian plan and I will deal with this in 
the next chapter. 


Joe Bitien (Democrat) 

A barely cognitive Joe Biden took over the presidency in January, 
2021, along with his fellow empty shell, Vice-President Kamala 
Harris, as the latest Sabbatian gofers to enter the White House. 
Names on the door may have changed and the ‘party’ — the force 
behind them remained the same as Zionists were appointed to a 
stream of pivotal areas relating to Sabbatian plans and policy. They 
included: Janet Yellen, Treasury Secretary, former head of the Federal 
Reserve, and still another ultra-Zionist running the US Treasury after 
Mnuchin (Trump), Lew and Geithner (Obama), and Summers and 
Rubin (Clinton); Anthony Blinken, Secretary of State; Wendy 
Sherman, Deputy Secretary of State (so that’s ‘Biden’s’ Sabbatian 
foreign policy sorted); Jeff Zients, White House coronavirus 
coordinator; Rochelle Walensky, head of the Centers for Disease 
Control; Rachel Levine, transgender deputy health secretary (that’s 
‘Covid’ hoax policy under control); Merrick Garland, Attorney 
General; Alejandro Mayorkas, Secretary of Homeland Security; Cass 
Sunstein, Homeland Security with responsibility for new 
immigration laws; Avril Haines, Director of National Intelligence; 
Anne Neuberger, National Security Agency cybersecurity director 
(note, cybersecurity); David Cohen, CIA Deputy Director; Ronald 
Klain, Biden’s Chief of Staff (see Rahm Emanuel); Eric Lander, a 
‘leading geneticist’, Office of Science and Technology Policy director 
(see Smart Grid, synthetic biology agenda); Jessica Rosenworcel, 
acting head of the Federal Communications Commission (FCC) 
which controls Smart Grid technology policy and electromagnetic 
communication systems including 5G. How can it be that so many 
pivotal positions are held by two-percent of the American 
population and 0.2 percent of the world population administration 
after administration no matter who is the president and what is the 
party? It’s a coincidence? Of course it’s not and this is why 
Sabbatians have built their colossal global web of interlocking ‘anti- 


hate’ hate groups to condemn anyone who asks these glaring 
questions as an ‘anti-Semite’. The way that Jewish people horrifically 
abused in Sabbatian-backed Nazi Germany are exploited to this end 
is stomach-turning and disgusting beyond words. 


Political fusion 

Sabbatian manipulation has reversed the roles of Republicans and 
Democrats and the same has happened in Britain with the 
Conservative and Labour Parties. Republicans and Conservatives 
were always labelled the ‘right’ and Democrats and Labour the ‘left’, 
but look at the policy positions now and the Democrat-Labour ‘left’ 
has moved further to the ‘right’ than Republicans and Conservatives 
under the banner of ‘Woke’, the Cult-created far-right tyranny. 
Where once the Democrat-Labour ‘left’ defended free speech and 
human rights they now seek to delete them and as I said earlier 
despite the ‘Covid’ fascism of the Jackboot Johnson Conservative 
government in the UK the Labour Party of leader Keir Starmer 
demanded even more extreme measures. The Labour Party has been 
very publicly absorbed by Sabbatians after a political and media 
onslaught against the previous leader, the weak and inept Jeremy 
Corbyn, over made-up allegations of ‘anti-Semitism’ both by him 
and his party. The plan was clear with this ‘anti-Semite’ propaganda 
and what was required in response was a swift and decisive ‘fuck 
off’ from Corbyn and a statement to expose the Anti-Semitism 
Industry (Sabbatian) attempt to silence Labour criticism of the Israeli 
government (Sabbatians) and purge the party of all dissent against 
the extremes of ultra-Zionism (Sabbatians). Instead Corbyn and his 
party fell to their knees and appeased the abusers which, by 
definition, is impossible. Appeasing one demand leads only to anew 
demand to be appeased until takeover is complete. Like I say — ‘fuck 
off’ would have been a much more effective policy and I have used it 
myself with great effect over the years when Sabbatians are on my 
case which is most of the time. I consider that fact a great 
compliment, by the way. The outcome of the Labour Party 
capitulation is that we now have a Sabbatian-controlled 


Conservative Party ‘opposed’ by a Sabbatian-controlled Labour 
Party in a one-party Sabbatian state that hurtles towards the 
extremes of tyranny (the Sabbatian cult agenda). In America the 
situation is the same. Labour’s Keir Starmer spends his days on his 
knees with his tongue out pointing to Tel Aviv, or I guess now 
Jerusalem, while Boris Johnson has an ‘anti-Semitism czar’ in the 
form of former Labour MP John Mann who keeps Starmer company 
on his prayer mat. 

Sabbatian influence can be seen in Jewish members of the Labour 
Party who have been ejected for criticism of Israel including those 
from families that suffered in Nazi Germany. Sabbatians despise real 
Jewish people and target them even more harshly because it is so 
much more difficult to dub them ‘anti-Semitic’ although in their 
desperation they do try. 


CHAPTER THREE 
The Pushbacker sting 


Until you realize how easy it is for your mind to be manipulated, you 
remain the puppet of someone else’s game 
Evita Ochel 


will use the presidencies of Trump and Biden to show how the 

manipulation of the one-party state plays out behind the illusion 
of political choice across the world. No two presidencies could — on 
the face of it — be more different and apparently at odds in terms of 
direction and policy. 

A Renegade Mind sees beyond the obvious and focuses on 
outcomes and consequences and not image, words and waffle. The 
Cult embarked on a campaign to divide America between those who 
blindly support its agenda (the mentality known as ‘Woke’) and 
those who are pushing back on where the Cult and its Sabbatians 
want to go. This presents infinite possibilities for dividing and ruling 
the population by setting them at war with each other and allows a 
perceptual ring fence of demonisation to encircle the Pushbackers in 
a modern version of the Little Big Horn in 1876 when American 
cavalry led by Lieutenant Colonel George Custer were drawn into a 
trap, surrounded and killed by Native American tribes defending 
their land of thousands of years from being seized by the 
government. In this modern version the roles are reversed and it’s 
those defending themselves from the Sabbatian government who are 
surrounded and the government that’s seeking to destroy them. This 
trap was set years ago and to explain how we must return to 2016 


and the emergence of Donald Trump as a candidate to be President 
of the United States. He set out to overcome the best part of 20 other 
candidates in the Republican Party before and during the primaries 
and was not considered by many in those early stages to have a 
prayer of living in the White House. The Republican Party was said 
to have great reservations about Trump and yet somehow he won 
the nomination. When you know how American politics works — 
politics in general — there is no way that Trump could have become 
the party’s candidate unless the Sabbatian-controlled ‘Neocons’ that 
run the Republican Party wanted that to happen. We saw the proof 
in emails and documents made public by WikiLeaks that the 
Democratic Party hierarchy, or Democons, systematically 
undermined the campaign of Bernie Sanders to make sure that 
Sabbatian gofer Hillary Clinton won the nomination to be their 
presidential candidate. If the Democons could do that then the 
Neocons in the Republican Party could have derailed Trump in the 
same way. But they didn’t and at that stage I began to conclude that 
Trump could well be the one chosen to be president. If that was the 
case the ‘why’ was pretty clear to see — the goal of dividing America 
between Cult agenda-supporting Wokers and Pushbackers who 
gravitated to Trump because he was telling them what they wanted 
to hear. His constituency of support had been increasingly ignored 
and voiceless for decades and profoundly through the eight years of 
Sabbatian puppet Barack Obama. Now here was someone speaking 
their language of pulling back from the incessant globalisation of 
political and economic power, the exporting of American jobs to 
China and elsewhere by ‘American’ (Sabbatian) corporations, the 
deletion of free speech, and the mass immigration policies that had 
further devastated job opportunities for the urban working class of 
all races and the once American heartlands of the Midwest. 


Beware the forked tongue 

Those people collectively sighed with relief that at last a political 
leader was apparently on their side, but another trait of the 
Renegade Mind is that you look even harder at people telling you 


what you want to hear than those who are telling you otherwise. 
Obviously as I said earlier people wish what they want to hear to be 
true and genuine and they are much more likely to believe that than 
someone saying what they don’t want to here and don’t want to be 
true. Sales people are taught to be skilled in eliciting by calculated 
questioning what their customers want to hear and repeating that 
back to them as their own opinion to get their targets to like and 
trust them. Assets of the Cult are also sales people in the sense of 
selling perception. To read Cult manipulation you have to play the 
long and expanded game and not fall for the Vaudeville show of 
party politics. Both American parties are vehicles for the Cult and 
they exploit them in different ways depending on what the agenda 
requires at that moment. Trump and the Republicans were used to 
be the focus of dividing America and isolating Pushbackers to open 
the way for a Biden presidency to become the most extreme in 
American history by advancing the full-blown Woke (Cult) agenda 
with the aim of destroying and silencing Pushbackers now labelled 
Nazi Trump supporters and white supremacists. 

Sabbatians wanted Trump in office for the reasons described by 
ultra-Zionist Saul Alinsky (1909-1972) who was promoting the Woke 
philosophy through ‘community organising’ long before anyone had 
heard of it. In those days it still went by its traditional name of 
Marxism. The reason for the manipulated Trump phenomenon was 
laid out in Alinsky’s 1971 book, Rules for Radicals, which was his 
blueprint for overthrowing democratic and other regimes and 
replacing them with Sabbatian Marxism. Not surprisingly his to-do 
list was evident in the Sabbatian French and Russian ‘Revolutions’ 
and that in China which will become very relevant in the next 
chapter about the ‘Covid’ hoax. Among Alinsky’s followers have 
been the deeply corrupt Barack Obama, House Speaker Nancy Pelosi 
and Hillary Clinton who described him as a ‘hero’. All three are 
Sabbatian stooges with Pelosi personifying the arrogant corrupt 
idiocy that so widely fronts up for the Cult inner core. Predictably as 
a Sabbatian advocate of the ‘light-bringer’ Alinsky features Lucifer 
on the dedication page of his book as the original radical who gained 


his own kingdom (‘Earth’ as we shall see). One of Alinsky’s golden 
radical rules was to pick an individual and focus all attention, hatred 
and blame on them and not to target faceless bureaucracies and 
corporations. Rules for Radicals is really a Sabbatian handbook with 
its contents repeatedly employed all over the world for centuries and 
why wouldn’t Sabbatians bring to power their designer-villain to be 
used as the individual on which all attention, hatred and blame was 
bestowed? This is what they did and the only question for me is how 
much Trump knew that and how much he was manipulated. A bit of 
both, I suspect. This was Alinsky’s Trump technique from a man 
who died in 1972. The technique has spanned history: 


Pick the target, freeze it, personalize it, polarize it. Don’t try to attack abstract corporations or 
bureaucracies. Identify a responsible individual. Ignore attempts to shift or spread the blame. 


From the moment Trump came to illusory power everything was 
about him. It wasn’t about Republican policy or opinion, but all 
about Trump. Everything he did was presented in negative, 
derogatory and abusive terms by the Sabbatian-dominated media 
led by Cult operations such as CNN, MSNBC, The New York Times 
and the Jeff Bezos-owned Washington Post — ‘Pick the target, freeze it, 
personalize it, polarize it.’ Trump was turned into a demon to be 
vilified by those who hated him and a demi-god loved by those who 
worshipped him. This, in turn, had his supporters, too, presented as 
equally demonic in preparation for the punchline later down the line 
when Biden was about to take office. It was here’s a Trump, there’s a 
Trump, everywhere a Trump, Trump. Virtually every news story or 
happening was filtered through the lens of ‘The Donald’. You loved 
him or hated him and which one you chose was said to define you as 
Satan’s spawn or a paragon of virtue. Even supporting some Trump 
policies or statements and not others was enough for an assault on 
your character. No shades of grey were or are allowed. Everything is 
black and white (literally and figuratively). A Californian I knew had 
her head utterly scrambled by her hatred for Trump while telling 
people they should love each other. She was so totally consumed by 


Trump Derangement Syndrome as it became to be known that this 
glaring contradiction would never have occurred to her. By 
definition anyone who criticised Trump or praised his opponents 
was a hero and this lady described Joe Biden as ‘a kind, honest 
gentleman’ when he’s a provable liar, mega-crook and vicious piece 
of work to boot. Sabbatians had indeed divided America using 
Trump as the fall-guy and all along the clock was ticking on the 
consequences for his supporters. 


In hock to his masters 

Trump gave Sabbatians via Israel almost everything they wanted in 
his four years. Ask and you shall receive was the dynamic between 
himself and Benjamin Netanyahu orchestrated by Trump’s ultra- 
Zionist son-in-law Jared Kushner, his ultra-Zionist Ambassador to 
Israel, David Friedman, and ultra-Zionist ‘Israel adviser’, Jason 
Greenblatt. The last two were central to the running and protecting 
from collapse of his business empire, the Trump Organisation, and 
colossal business failures made him forever beholding to Sabbatian 
networks that bailed him out. By the start of the 1990s Trump owed 
$4 billion to banks that he couldn’t pay and almost $1billion of that 
was down to him personally and not his companies. This mega- 
disaster was the result of building two new casinos in Atlantic City 
and buying the enormous Taj Mahal operation which led to 
crippling debt payments. He had borrowed fantastic sums from 72 
banks with major Sabbatian connections and although the scale of 
debt should have had him living in a tent alongside the highway 
they never foreclosed. A plan was devised to lift Trump from the 
mire by BT Securities Corporation and Rothschild Inc. and the case 
was handled by Wilber Ross who had worked for the Rothschilds for 
27 years. Ross would be named US Commerce Secretary after 
Trump’s election. Another crucial figure in saving Trump was ultra- 
Zionist ‘investor’ Carl Icahn who bought the Taj Mahal casino. Icahn 
was made special economic adviser on financial regulation in the 
Trump administration. He didn’t stay long but still managed to find 
time to make a tidy sum of a reported $31.3 million when he sold his 


holdings affected by the price of steel three days before Trump 
imposed a 235 percent tariff on steel imports. What amazing bits of 
luck these people have. Trump and Sabbatian operatives have long 
had a close association and his mentor and legal adviser from the 
early 1970s until 1986 was the dark and genetically corrupt ultra- 
Zionist Roy Cohn who was chief counsel to Senator Joseph 
McCarthy’s ‘communist’ witch-hunt in the 1950s. Esquire magazine 
published an article about Cohn with the headline ‘Don’t mess with 
Roy Cohn’. He was described as the most feared lawyer in New York 
and ‘a ruthless master of dirty tricks ... [with] ... more than one Mafia 
Don on speed dial’. Cohn’s influence, contacts, support and 
protection made Trump a front man for Sabbatians in New York 
with their connections to one of Cohn’s many criminal employers, 
the ‘Russian’ Sabbatian Mafia. Israel-centric media mogul Rupert 
Murdoch was introduced to Trump by Cohn and they started a long 
friendship. Cohn died in 1986 weeks after being disbarred for 
unethical conduct by the Appellate Division of the New York State 
Supreme Court. The wheels of justice do indeed run slow given the 
length of Cohn’s crooked career. 


QAnon-sense 

We are asked to believe that Donald Trump with his fundamental 
connections to Sabbatian networks and operatives has been leading 
the fight to stop the Sabbatian agenda for the fascistic control of 
America and the world. Sure he has. A man entrapped during his 
years in the White House by Sabbatian operatives and whose biggest 
financial donor was casino billionaire Sheldon Adelson who was 
Sabbatian to his DNA?? Oh, do come on. Trump has been used to 
divide America and isolate Pushbackers on the Cult agenda under 
the heading of ‘Trump supporters’, ‘insurrectionists’ and ‘white 
supremacists’. The US Intelligence/Mossad Psyop or psychological 
operation known as QAnon emerged during the Trump years as a 
central pillar in the Sabbatian campaign to lead Pushbackers into the 
trap set by those that wished to destroy them. I knew from the start 
that QAnon was a scam because I had seen the same scenario many 


times before over 30 years under different names and I had written 
about one in particular in the books. “Not again’ was my reaction 
when QAnon came to the fore. The same script is pulled out every 
few years and a new name added to the letterhead. The story always 
takes the same form: ‘Insiders’ or ‘the good guys’ in the government- 
intelligence-military ‘Deep State’ apparatus were going to instigate 
mass arrests of the ‘bad guys’ which would include the Rockefellers, 
Rothschilds, Barack Obama, Hillary Clinton, George Soros, etc., etc. 
Dates are given for when the ‘good guys’ are going to move in, but 
the dates pass without incident and new dates are given which pass 
without incident. The central message to Pushbackers in each case is 
that they don’t have to do anything because there is ‘a plan’ and it is 
all going to be sorted by the ‘good guys’ on the inside. ‘Trust the 
plan’ was a QAnon mantra when the only plan was to misdirect 
Pushbackers into putting their trust in a Psyop they believed to be 
real. Beware, beware, those who tell you what you want to hear and 
always check it out. Right up to Biden’s inauguration QAnon was 
still claiming that ‘the Storm’ was coming and Trump would stay on 
as president when Biden and his cronies were arrested and jailed. It 
was never going to happen and of course it didn’t, but what did 
happen as a result provided that punchline to the Sabbatian 
Trump/QAnon Psyop. 

On January 6th, 2021, a very big crowd of Trump supporters 
gathered in the National Mall in Washington DC down from the 
Capitol Building to protest at what they believed to be widespread 
corruption and vote fraud that stopped Trump being re-elected for a 
second term as president in November, 2020. I say as someone that 
does not support Trump or Biden that the evidence is clear that 
major vote-fixing went on to favour Biden, a man with cognitive 
problems so advanced he can often hardly string a sentence together 
without reading the words written for him on the Teleprompter. 
Glaring ballot discrepancies included serious questions about 
electronic voting machines that make vote rigging a comparative 
cinch and hundreds of thousands of paper votes that suddenly 
appeared during already advanced vote counts and virtually all of 


them for Biden. Early Trump leads in crucial swing states suddenly 
began to close and disappear. The pandemic hoax was used as the 
excuse to issue almost limitless numbers of mail-in ballots with no 
checks to establish that the recipients were still alive or lived at that 
address. They were sent to streams of people who had not even 
asked for them. Private organisations were employed to gather these 
ballots and who knows what they did with them before they turned 
up at the counts. The American election system has been 
manipulated over decades to become a sick joke with more holes 
than a Swiss cheese for the express purpose of dictating the results. 
Then there was the criminal manipulation of information by 
Sabbatian tech giants like Facebook, Twitter and Google-owned 
YouTube which deleted pro-Irump, anti-Biden accounts and posts 
while everything in support of Biden was left alone. Sabbatians 
wanted Biden to win because after the dividing of America it was 
time for full-on Woke and every aspect of the Cult agenda to be 
unleashed. 


Hunter gatherer 

Extreme Silicon Valley bias included blocking information by the 
New York Post exposing a Biden scandal that should have ended his 
bid for president in the final weeks of the campaign. Hunter Biden, 
his monumentally corrupt son, is reported to have sent a laptop to 
be repaired at a local store and failed to return for it. Time passed 
until the laptop became the property of the store for non-payment of 
the bill. When the owner saw what was on the hard drive he gave a 
copy to the FBI who did nothing even though it confirmed 
widespread corruption in which the Joe Biden family were using his 
political position, especially when he was vice president to Obama, 
to make multiple millions in countries around the world and most 
notably Ukraine and China. Hunter Biden’s one-time business 
partner Tony Bobulinski went public when the story broke in the 
New York Post to confirm the corruption he saw and that Joe Biden 
not only knew what was going on he also profited from the spoils. 
Millions were handed over by a Chinese company with close 


connections — like all major businesses in China — to the Chinese 
communist party of President Xi Jinping. Joe Biden even boasted at a 
meeting of the Cult’s World Economic Forum that as vice president 
he had ordered the government of Ukraine to fire a prosecutor. What 
he didn’t mention was that the same man just happened to be 
investigating an energy company which was part of Hunter Biden’s 
corrupt portfolio. The company was paying him big bucks for no 
other reason than the influence his father had. Overnight Biden’s 
presidential campaign should have been over given that he had lied 
publicly about not knowing what his son was doing. Instead almost 
the entire Sabbatian-owned mainstream media and Sabbatian- 
owned Silicon Valley suppressed circulation of the story. This alone 
went a mighty way to rigging the election of 2020. Cult assets like 
Mark Zuckerberg at Facebook also spent hundreds of millions to be 
used in support of Biden and vote ‘administration’. 


The Cult had used Trump as the focus to divide America and was 
now desperate to bring in moronic, pliable, corrupt Biden to 
complete the double-whammy. No way were they going to let little 
things like the will of the people thwart their plan. Silicon Valley 
widely censored claims that the election was rigged because it was 
rigged. For the same reason anyone claiming it was rigged was 
denounced as a ‘white supremacist’ including the pathetically few 
Republican politicians willing to say so. Right across the media 
where the claim was mentioned it was described as a ‘false claim’ 
even though these excuses for ‘journalists’ would have done no 
research into the subject whatsoever. Trump won seven million more 
votes than any sitting president had ever achieved while somehow a 
cognitively-challenged soon to be 78-year-old who was hidden away 
from the public for most of the campaign managed to win more 
votes than any presidential candidate in history. It makes no sense. 
You only had to see election rallies for both candidates to witness the 
enthusiasm for Trump and the apathy for Biden. Tens of thousands 
would attend Trump events while Biden was speaking in empty car 
parks with often only television crews attending and framing their 
shots to hide the fact that no one was there. It was pathetic to see 


footage come to light of Biden standing at a podium making 
speeches only to TV crews and party fixers while reading the words 
written for him on massive Teleprompter screens. So, yes, those 
protestors on January 6th had a point about election rigging, but 
some were about to walk into a trap laid for them in Washington by 
the Cult Deep State and its QAnon Psyop. This was the Capitol Hill 
riot ludicrously dubbed an ‘insurrection’. 


The spider and the fly 

Renegade Minds know there are not two ‘sides’ in politics, only one 
side, the Cult, working through all ‘sides’. It’s a stage show, a puppet 
show, to direct the perceptions of the population into focusing on 
diversions like parties and candidates while missing the puppeteers 
with their hands holding all the strings. The Capitol Hill 
‘insurrection’ brings us back to the Little Big Horn. Having created 
two distinct opposing groupings — Woke and Pushbackers — the trap 
was about to be sprung. Pushbackers were to be encircled and 
isolated by associating them all in the public mind with Trump and 
then labelling Trump as some sort of Confederate leader. I knew 
immediately that the Capitol riot was a set-up because of two things. 
One was how easy the rioters got into the building with virtually no 
credible resistance and secondly I could see — as with the ‘Covid’ 
hoax in the West at the start of 2020 — how the Cult could exploit the 
situation to move its agenda forward with great speed. My 
experience of Cult techniques and activities over more than 30 years 
has showed me that while they do exploit situations they haven't 
themselves created this never happens with events of fundamental 
agenda significance. Every time major events giving cultists the 
excuse to rapidly advance their plan you find they are manipulated 
into being for the specific reason of providing that excuse — Problem- 
Reaction-Solution. Only a tiny minority of the huge crowd of 
Washington protestors sought to gain entry to the Capitol by 
smashing windows and breaching doors. That didn’t matter. The 
whole crowd and all Pushbackers, even if they did not support 
Trump, were going to be lumped together as dangerous 


insurrectionists and conspiracy theorists. The latter term came into 
widespread use through a CIA memo in the 1960s aimed at 
discrediting those questioning the nonsensical official story of the 
Kennedy assassination and it subsequently became widely 
employed by the media. It’s still being used by inept ‘journalists’ 
with no idea of its origin to discredit anyone questioning anything 
that authority claims to be true. When you are perpetrating a 
conspiracy you need to discredit the very word itself even though 
the dictionary definition of conspiracy is merely ‘the activity of 
secretly planning with other people to do something bad or illegal’ 
and ‘a general agreement to keep silent about a subject for the 
purpose of keeping it secret’. On that basis there are conspiracies 
almost wherever you look. For obvious reasons the Cult and its 
lapdog media have to claim there are no conspiracies even though 
the word appears in state laws as with conspiracy to defraud, to 
murder, and to corrupt public morals. 


Agent provocateurs are widely used by the Cult Deep State to 
manipulate genuine people into acting in ways that suit the desired 
outcome. By genuine in this case I mean protestors genuinely 
supporting Trump and claims that the election was stolen. In among 
them, however, were agents of the state wearing the garb of Trump 
supporters and QAnon to pump-prime the Capital riot which some 
genuine Trump supporters naively fell for. I described the situation 
as ‘Come into my parlour said the spider to the fly’. Leaflets 
appeared through the Woke paramilitary arm Antifa, the anti-fascist 
fascists, calling on supporters to turn up in Washington looking like 
Trump supporters even though they hated him. Some of those 
arrested for breaching the Capitol Building were sourced to Antifa 
and its stable mate Black Lives Matter. Both organisations are funded 
by Cult billionaires and corporations. One man charged for the riot 
was according to his lawyer a former FBI agent who had held top 
secret security clearance for 40 years. Attorney Thomas Plofchan said 
of his client, 66-year-old Thomas Edward Caldwell: 


He has held a Top Secret Security Clearance since 1979 and has undergone multiple Special 
Background Investigations in support of his clearances. After retiring from the Navy, he 


worked as a section chief for the Federal Bureau of Investigation from 2009-2010 as a GS-12 
[mid-level employee]. 


He also formed and operated a consulting firm performing work, often classified, for U.S 
government customers including the US. Drug Enforcement Agency, Department of Housing 
and Urban Development, the US Coast Guard, and the US Army Personnel Command. 


A judge later released Caldwell pending trial in the absence of 
evidence about a conspiracy or that he tried to force his way into the 
building. The New York Post reported a ‘law enforcement source’ as 
saying that ‘at least two known Antifa members were spotted’ on 
camera among Trump supporters during the riot while one of the 
rioters arrested was John Earle Sullivan, a seriously extreme Black 
Lives Matter Trump-hater from Utah who was previously arrested 
and charged in July, 2020, over a BLM-Antifa riot in which drivers 
were threatened and one was shot. Sullivan is the founder of Utah- 
based Insurgence USA which is an affiliate of the Cult-created-and- 
funded Black Lives Matter movement. Footage appeared and was 
then deleted by Twitter of Trump supporters calling out Antifa 
infiltrators and a group was filmed changing into pro-Trump 
clothing before the riot. Security at the building was pathetic — as 
planned. Colonel Leroy Fletcher Prouty, a man with long experience 
in covert operations working with the US security apparatus, once 
described the tell-tale sign to identify who is involved in an 
assassination. He said: 


No one has to direct an assassination — it happens. The active role is played secretly by 
permitting it to happen. This is the greatest single clue. Who has the power to call off or 
reduce the usual security precautions? 


This principle applies to many other situations and certainly to the 
Capitol riot of January 6th, 2021. 


The sting 

With such a big and potentially angry crowd known to be gathering 
near the Capitol the security apparatus would have had a major 
police detail to defend the building with National Guard troops on 


standby given the strength of feeling among people arriving from all 
over America encouraged by the QAnon Psyop and statements by 
Donald Trump. Instead Capitol Police ‘security’ was flimsy, weak, 
and easily breached. The same number of officers was deployed as 
on a regular day and that is a blatant red flag. They were not staffed 
or equipped for a possible riot that had been an obvious possibility 
in the circumstances. No protective and effective fencing worth the 
name was put in place and there were no contingency plans. The 
whole thing was basically a case of standing aside and waving 
people in. Once inside police mostly backed off apart from one 
Capitol police officer who ridiculously shot dead unarmed Air Force 
veteran protestor Ashli Babbitt without a warning as she climbed 
through a broken window. The ‘investigation’ refused to name or 
charge the officer after what must surely be considered a murder in 
the circumstances. They just lifted a carpet and swept. The story was 
endlessly repeated about five people dying in the ‘armed 
insurrection’ when there was no report of rioters using weapons. 
Apart from Babbitt the other four died from a heart attack, strokes 
and apparently a drug overdose. Capitol police officer Brian Sicknick 
was reported to have died after being bludgeoned with a fire 
extinguisher when he was alive after the riot was over and died later 
of what the Washington Medical Examiner’s Office said was a stroke. 
Sicknick had no external injuries. The lies were delivered like rapid 
fire. There was a narrative to build with incessant repetition of the lie 
until the lie became the accepted ‘everybody knows that’ truth. The 
‘Big Lie’ technique of Nazi Propaganda Minister Joseph Goebbels is 
constantly used by the Cult which was behind the Nazis and is 
today behind the ‘Covid’ and ‘climate change’ hoaxes. Goebbels 
said: 


If you tell a lie big enough and keep repeating it, people will eventually come to believe it. 
The lie can be maintained only for such time as the State can shield the people from the 
political, economic and/or military consequences of the lie. It thus becomes vitally important 
for the State to use all of its powers to repress dissent, for the truth is the mortal enemy of the 
lie, and thus by extension, the truth is the greatest enemy of the State. 


Most protestors had a free run of the Capitol Building. This 
allowed pictures to be taken of rioters in iconic parts of the building 
including the Senate chamber which could be used as propaganda 
images against all Pushbackers. One Congresswoman described the 
scene as ‘the worst kind of non-security anybody could ever 
imagine’. Well, the first part was true, but someone obviously did 
imagine it and made sure it happened. Some photographs most 
widely circulated featured people wearing QAnon symbols and now 
the Psyop would be used to dub all QAnon followers with the 
ubiquitous fit-all label of “white supremacist’ and ‘insurrectionists’. 
When a Muslim extremist called Noah Green drove his car at two 
police officers at the Capitol Building killing one in April, 2021, there 
was no such political and media hysteria. They were just 
disappointed he wasn’t white. 


The witch-hunt 


Government prosecutor Michael Sherwin, an aggressive, dark-eyed, 
professional Rottweiler led the ‘investigation’ and to call it over the 
top would be to understate reality a thousand fold. Hundreds were 
tracked down and arrested for the crime of having the wrong 
political views and people were jailed who had done nothing more 
than walk in the building, committed no violence or damage to 
property, took a few pictures and left. They were labelled a ‘threat to 
the Republic’ while Biden sat in the White House signing executive 
orders written for him that were dismantling ‘the Republic’. Even 
when judges ruled that a mother and son should not be in jail the 
government kept them there. Some of those arrested have been 
badly beaten by prison guards in Washington and lawyers for one 
man said he suffered a fractured skull and was made blind in one 
eye. Meanwhile a woman is shot dead for no reason by a Capitol 
Police officer and we are not allowed to know who he is never mind 
what has happened to him although that will be nothing. The Cult’s 
QAnon/Trump sting to identify and isolate Pushbackers and then 
target them on the road to crushing and deleting them was a 
resounding success. You would have thought the Russians had 


invaded the building at gunpoint and lined up senators for a firing 
squad to see the political and media reaction. Congresswoman 
Alexandria Ocasio-Cortez is a child in a woman’s body, a terrible- 
twos, me, me, me, Woker narcissist of such proportions that words 
have no meaning. She said she thought she was going to die when 
‘insurrectionists’ banged on her office door. It turned out she wasn’t 
even in the Capitol Building when the riot was happening and the 
‘banging’ was a Capitol Police officer. She referred to herself as a 
‘survivor’ which is an insult to all those true survivors of violent and 
sexual abuse while she lives her pampered and privileged life 
talking drivel for a living. Her Woke colleague and fellow mega- 
narcissist Rashida Tlaib broke down describing the devastating 
effect on her, too, of not being in the building when the rioters were 
there. Ocasio-Cortez and Tlaib are members of a fully-Woke group 
of Congresswomen known as ‘The Squad’ along with Ilhan Omar 
and Ayanna Pressley. The Squad from what I can see can be 
identified by its vehement anti-white racism, anti-white men agenda, 
and, as always in these cases, the absence of brain cells on active 
duty. 

The usual suspects were on the riot case immediately in the form 
of Democrat ultra-Zionist senators and operatives Chuck Schumer 
and Adam Schiff demanding that Trump be impeached for ‘his part 
in the insurrection’. The same pair of prats had led the failed 
impeachment of Trump over the invented ‘Russia collusion’ 
nonsense which claimed Russia had helped Trump win the 2016 
election. I didn’t realise that Tel Aviv had been relocated just outside 
Moscow. I must find an up-to-date map. The Russia hoax was a 
Sabbatian operation to keep Trump occupied and impotent and to 
stop any rapport with Russia which the Cult wants to retain as a 
perceptual enemy to be pulled out at will. Puppet Biden began 
attacking Russia when he came to office as the Cult seeks more 
upheaval, division and war across the world. A two-year stage show 
‘Russia collusion inquiry’ headed by the not-very-bright former 9/11 
FBI chief Robert Mueller, with support from 19 lawyers, 40 FBI 
agents plus intelligence analysts, forensic accountants and other 


staff, devoured tens of millions of dollars and found no evidence of 
Russia collusion which a ten-year-old could have told them on day 
one. Now the same moronic Schumer and Schiff wanted a second 
impeachment of Trump over the Capitol ‘insurrection’ (riot) which 
the arrested development of Schumer called another ‘Pearl Harbor’ 
while others compared it with 9/11 in which 3,000 died and, in the 
case of CNN, with the Rwandan genocide in the 1990s in which an 
estimated 500,000 to 600,000 were murdered, between 250, 000 and 
500,000 women were raped, and populations of whole towns were 
hacked to death with machetes. To make those comparisons purely 
for Cult political reasons is beyond insulting to those that suffered 
and lost their lives and confirms yet again the callous inhumanity 
that we are dealing with. Schumer is a monumental idiot and so is 
Schiff, but they serve the Cult agenda and do whatever they’re told 
so they get looked after. Talking of idiots — another inane man who 
spanned the Russia and Capitol impeachment attempts was Senator 
Eric Swalwell who had the nerve to accuse Trump of collusion with 
the Russians while sleeping with a Chinese spy called Christine Fang 
or ‘Fang Fang’ which is straight out of a Bond film no doubt starring 
Klaus Schwab as the bloke living on a secret island and controlling 
laser weapons positioned in space and pointing at world capitals. 
Fang Fang plays the part of Bond’s infiltrator girlfriend which I’m 
sure she would enjoy rather more than sharing a bed with the 
brainless Swalwell, lying back and thinking of China. The FBI 
eventually warned Swalwell about Fang Fang which gave her time 
to escape back to the Chinese dictatorship. How very thoughtful of 
them. The second Trump impeachment also failed and hardly 
surprising when an impeachment is supposed to remove a sitting 
president and by the time it happened Trump was no longer 
president. These people are running your country America, well, 
officially anyway. Terrifying isn’t it? 


Outcomes tell the story - always 
The outcome of all this — and it’s the outcome on which Renegade 
Minds focus, not the words — was that a vicious, hysterical and 


obviously pre-planned assault was launched on Pushbackers to 
censor, silence and discredit them and even targeted their right to 
earn a living. They have since been condemned as ‘domestic 
terrorists’ that need to be treated like Al-Qaeda and Islamic State. 
‘Domestic terrorists’ is a label the Cult has been trying to make stick 
since the period of the Oklahoma bombing in 1995 which was 
blamed on ‘far-right domestic terrorists’. If you read The Trigger you 
will see that the bombing was clearly a Problem-Reaction-Solution 
carried out by the Deep State during a Bill Clinton administration so 
corrupt that no dictionary definition of the term would even nearly 
suffice. Nearly 30, 000 troops were deployed from all over America 
to the empty streets of Washington for Biden’s inauguration. Ten 
thousand of them stayed on with the pretext of protecting the capital 
from insurrectionists when it was more psychological programming 
to normalise the use of the military in domestic law enforcement in 
support of the Cult plan for a police-military state. Biden’s fascist 
administration began a purge of ‘wrong-thinkers’ in the military 
which means anyone that is not on board with Woke. The Capitol 
Building was surrounded by a fence with razor wire and the Land of 
the Free was further symbolically and literally dismantled. The circle 
was completed with the installation of Biden and the exploitation of 
the QAnon Psyop. 

America had never been so divided since the civil war of the 19th 
century, Pushbackers were isolated and dubbed terrorists and now, 
as was always going to happen, the Cult immediately set about 
deleting what little was left of freedom and transforming American 
society through a swish of the hand of the most controlled 
‘president’ in American history leading (officially at least) the most 
extreme regime since the country was declared an independent state 
on July 4th, 1776. Biden issued undebated, dictatorial executive 
orders almost by the hour in his opening days in office across the 
whole spectrum of the Cult wish-list including diluting controls on 
the border with Mexico allowing thousands of migrants to illegally 
enter the United States to transform the demographics of America 
and import an election-changing number of perceived Democrat 


voters. Then there were Biden deportation amnesties for the already 
illegally resident (estimated to be as high as 20 or even 30 million). A 
bill before Congress awarded American citizenship to anyone who 
could prove they had worked in agriculture for just 180 days in the 
previous two years as ‘Big Ag’ secured its slave labour long-term. 
There were the plans to add new states to the union such as Puerto 
Rico and making Washington DC a state. They are all parts of a plan 
to ensure that the Cult-owned Woke Democrats would be 
permanently in power. 


Border — what border? 

I have exposed in detail in other books how mass immigration into 
the United States and Europe is the work of Cult networks fuelled by 
the tens of billions spent to this and other ends by George Soros and 
his global Open Society (open borders) Foundations. The impact can 
be seen in America alone where the population has increased by 100 
million in little more than 30 years mostly through immigration. I 
wrote in The Answer that the plan was to have so many people 
crossing the southern border that the numbers become unstoppable 
and we are now there under Cult-owned Biden. El Salvador in 
Central America puts the scale of what is happening into context. A 
third of the population now lives in the United States, much of it 
illegally, and many more are on the way. The methodology is to 
crush Central and South American countries economically and 
spread violence through machete-wielding psychopathic gangs like 
MS-13 based in El Salvador and now operating in many American 
cities. Biden-imposed lax security at the southern border means that 
it is all but open. He said before his ‘election’ that he wanted to see a 
surge towards the border if he became president and that was the 
green light for people to do just that after election day to create the 
human disaster that followed for both America and the migrants. 
When that surge came the imbecilic Alexandria Ocasio-Cortez said it 
wasn’t a ‘surge’ because they are ‘children, not insurgents’ and the 
term ‘surge’ (used by Biden) was a claim of ‘white supremacists’. 


This disingenuous lady may one day enter the realm of the most 
basic intelligence, but it won’t be any time soon. 


Sabbatians and the Cult are in the process of destroying America 
by importing violent people and gangs in among the genuine to 
terrorise American cities and by overwhelming services that cannot 
cope with the sheer volume of new arrivals. Something similar is 
happening in Europe as Western society in general is targeted for 
demographic and cultural transformation and upheaval. The plan 
demands violence and crime to create an environment of 
intimidation, fear and division and Soros has been funding the 
election of district attorneys across America who then stop 
prosecuting many crimes, reduce sentences for violent crimes and 
free as many violent criminals as they can. Sabbatians are creating 
the chaos from which order — their order — can respond in a classic 
Problem-Reaction-Solution. A Freemasonic moto says ‘Ordo Ab 
Chao’ (Order out of Chaos) and this is why the Cult is constantly 
creating chaos to impose a new ‘order’. Here you have the reason 
the Cult is constantly creating chaos. The ‘Covid’ hoax can be seen 
with those entering the United States by plane being forced to take a 
‘Covid’ test while migrants flooding through southern border 
processing facilities do not. Nothing is put in the way of mass 
migration and if that means ignoring the government’s own ‘Covid’ 
rules then so be it. They know it’s all bullshit anyway. Any pushback 
on this is denounced as ‘racist’ by Wokers and Sabbatian fronts like 
the ultra-Zionist Anti-Defamation League headed by the appalling 
Jonathan Greenblatt which at the same time argues that Israel should 
not give citizenship and voting rights to more Palestinian Arabs or 
the ‘Jewish population’ (in truth the Sabbatian network) will lose 
control of the country. 


Society-changing numbers 

Biden’s masters have declared that countries like El Salvador are so 
dangerous that their people must be allowed into the United States 
for humanitarian reasons when there are fewer murders in large 
parts of many Central American countries than in US cities like 


Baltimore. That is not to say Central America cannot be a dangerous 
place and Cult-controlled American governments have been making 
it so since way back, along with the dismantling of economies, in a 
long-term plan to drive people north into the United States. Parts of 
Central America are very dangerous, but in other areas the story is 
being greatly exaggerated to justify relaxing immigration criteria. 
Migrants are being offered free healthcare and education in the 
United States as another incentive to head for the border and there is 
no requirement to be financially independent before you can enter to 
prevent the resources of America being drained. You can’t blame 
migrants for seeking what they believe will be a better life, but they 
are being played by the Cult for dark and nefarious ends. The 
numbers since Biden took office are huge. In February, 2021, more 
than 100,000 people were known to have tried to enter the US 
illegally through the southern border (it was 34,000 in the same 
month in 2020) and in March it was 170,000 — a 418 percent increase 
on March, 2020. These numbers are only known people, not the ones 
who get in unseen. The true figure for migrants illegally crossing the 
border in a single month was estimated by one congressman at 
250,000 and that number will only rise under Biden’s current policy. 
Gangs of murdering drug-running thugs that control the Mexican 
side of the border demand money — thousands of dollars — to let 
migrants cross the Rio Grande into America. At the same time gun 
battles are breaking out on the border several times a week between 
rival Mexican drug gangs (which now operate globally) who are 
equipped with sophisticated military-grade weapons, grenades and 
armoured vehicles. While the Capitol Building was being ‘protected’ 
from a non-existent ‘threat’ by thousands of troops, and others were 
still deployed at the time in the Cult Neocon war in Afghanistan, the 
southern border of America was left to its fate. This is not 
incompetence, it is cold calculation. 

By March, 2021, there were 17,000 unaccompanied children held at 
border facilities and many of them are ensnared by people traffickers 
for paedophile rings and raped on their journey north to America. 
This is not conjecture — this is fact. Many of those designated 


children are in reality teenage boys or older. Meanwhile Wokers 
posture their self-purity for encouraging poor and tragic people to 
come to America and face this nightmare both on the journey and at 
the border with the disgusting figure of House Speaker Nancy Pelosi 
giving disingenuous speeches about caring for migrants. The 
womans evil. Wokers condemned Trump for having children in 
cages at the border (so did Obama, Shhhh), but now they are sleeping 
on the floor without access to a shower with one border facility 729 
percent over capacity. The Biden insanity even proposed flying 
migrants from the southern border to the northern border with 
Canada for ‘processing’. The whole shambles is being overseen by 
ultra-Zionist Secretary of Homeland Security, the moronic liar 
Alejandro Mayorkas, who banned news cameras at border facilities 
to stop Americans seeing what was happening. Mayorkas said there 
was not a ban on news crews; it was just that they were not allowed 
to film. Alongside him at Homeland Security is another ultra-Zionist 
Cass Sunstein appointed by Biden to oversee new immigration laws. 
Sunstein despises conspiracy researchers to the point where he 
suggests they should be banned or taxed for having such views. The 
man is not bonkers or anything. He’s perfectly well-adjusted, but 
adjusted to what is the question. Criticise what is happening and 
you are a ‘white supremacist’ when earlier non-white immigrants 
also oppose the numbers which effect their lives and opportunities. 
Black people in poor areas are particularly damaged by uncontrolled 
immigration and the increased competition for work opportunities 
with those who will work for less. They are also losing voting power 
as Hispanics become more dominant in former black areas. It’s a 
downward spiral for them while the billionaires behind the policy 
drone on about how much they care about black people and 
‘racism’. None of this is about compassion for migrants or black 
people — that’s just wind and air. Migrants are instead being 
mercilessly exploited to transform America while the countries they 
leave are losing their future and the same is true in Europe. Mass 
immigration may now be the work of Woke Democrats, but it can be 
traced back to the 1986 Immigration Reform and Control Act (it 


wasn’t) signed into law by Republican hero President Ronald 
Reagan which gave amnesty to millions living in the United States 
illegally and other incentives for people to head for the southern 
border. Here we have the one-party state at work again. 


Almost every aspect of what I have been exposing as the Cult 
agenda was on display in even the first days of ‘Biden’ with silencing 
of Pushbackers at the forefront of everything. A Renegade Mind will 
view the Trump years and QAnon in a very different light to their 
supporters and advocates as the dots are connected. The 
QAnon/Trump Psyop has given the Cult all it was looking for. We 
may not know how much, or little, that Trump realised he was being 
used, but that’s a side issue. This pincer movement produced the 
desired outcome of dividing America and having Pushbackers 
isolated. To turn this around we have to look at new routes to 
empowerment which do not include handing our power to other 
people and groups through what I will call the ‘Save Me Syndrome’ 
—‘I want someone else to do it so that I don’t have to’. We have seen 
this at work throughout human history and the QAnon/Trump 
Psyop is only the latest incarnation alongside all the others. Religion 
is an obvious expression of this when people look to a ‘god’ or priest 
to save them or tell them how to be saved and then there are ‘save 
me’ politicians like Trump. Politics is a diversion and not a ‘saviour’. 
It is a means to block positive change, not make it possible. 


Save Me Syndrome always comes with the same repeating theme 
of handing your power to whom or what you believe will save you 
while your real ‘saviour’ stares back from the mirror every morning. 
Renegade Minds are constantly vigilant in this regard and always 
asking the question ‘What can I do?’ rather than ‘What can someone 
else do for me?’ Gandhi was right when he said: “You must be the 
change you want to see in the world.’ We are indeed the people we 
have been waiting for. We are presented with a constant raft of 
reasons to concede that power to others and forget where the real 
power is. Humanity has the numbers and the Cult does not. It has to 


use diversion and division to target the unstoppable power that 
comes from unity. Religions, governments, politicians, corporations, 
media, QAnon, are all different manifestations of this power- 
diversion and dilution. Refusing to give your power to governments 
and instead handing it to Trump and QAnon is not to take a new 
direction, but merely to recycle the old one with new names on the 
posters. I will explore this phenomenon as we proceed and how to 
break the cycles and recycles that got us here through the mists of 
repeating perception and so repeating history. 

For now we shall turn to the most potent example in the entire 
human story of the consequences that follow when you give your 
power away. I am talking, of course, of the ‘Covid’ hoax. 


CHAPTER FOUR 
‘Covid': Calculated catastrophe 


Facts are threatening to those invested in fraud 
DaShanne Stokes 


e can easily unravel the real reason for the ‘Covid pandemic’ 

hoax by employing the Renegade Mind methodology that I 
have outlined this far. We’ll start by comparing the long-planned 
Cult outcome with the ‘Covid pandemic’ outcome. Know the 
outcome and you'll see the journey. 

I have highlighted the plan for the Hunger Games Society which 
has been in my books for so many years with the very few 
controlling the very many through ongoing dependency. To create 
this dependency it is essential to destroy independent livelihoods, 
businesses and employment to make the population reliant on the 
state (the Cult) for even the basics of life through a guaranteed 
pittance income. While independence of income remained these Cult 
ambitions would be thwarted. With this knowledge it was easy to 
see where the ‘pandemic’ hoax was going once talk of ‘lockdowns’ 
began and the closing of all but perceived ‘essential’ businesses to 
‘save’ us from an alleged ‘deadly virus’. Cult corporations like 
Amazon and Walmart were naturally considered ‘essential’ while 
mom and pop shops and stores had their doors closed by fascist 
decree. As a result with every new lockdown and new regulation 
more small and medium, even large businesses not owned by the 
Cult, went to the wall while Cult giants and their frontmen and 
women grew financially fatter by the second. Mom and pop were 


denied an income and the right to earn a living and the wealth of 
people like Jeff Bezos (Amazon), Mark Zuckerberg (Facebook) and 
Sergei Brin and Larry Page (Google/Alphabet) have reached record 
levels. The Cult was increasing its own power through further 
dramatic concentrations of wealth while the competition was being 
destroyed and brought into a state of dependency. Lockdowns have 
been instigated to secure that very end and were never anything to 
do with health. My brother Paul spent 45 years building up a bus 
repair business, but lockdowns meant buses were running at a 
fraction of normal levels for months on end. Similar stories can told 
in their hundreds of millions worldwide. Efforts of a lifetime coldly 
destroyed by Cult multi-billionaires and their lackeys in government 
and law enforcement who continued to earn their living from the 
taxation of the people while denying the right of the same people to 
earn theirs. How different it would have been if those making and 
enforcing these decisions had to face the same financial hardships of 
those they affected, but they never do. 


Behind it all in the full knowledge of what he is doing and why is 
the psychopathic figure of Cult operative Bill Gates. His puppet 
Tedros at the World Health Organization declared ‘Covid’ a 
pandemic in March, 2020. The WHO had changed the definition of a 
‘pandemic’ in 2009 just a month before declaring the ‘swine flu 
pandemic’ which would not have been so under the previous 
definition. The same applies to ‘Covid’. The definition had 
included... ‘an infection by an infectious agent, occurring 
simultaneously in different countries, with a significant mortality 
rate relative to the proportion of the population infected’. The new 
definition removed the need for ‘significant mortality’. The 
‘pandemic’ has been fraudulent even down to the definition, but 
Gates demanded economy-destroying lockdowns, school closures, 
social distancing, mandatory masks, a ‘vaccination’ for every man, 
woman and child on the planet and severe consequences and 
restrictions for those that refused. Who gave him this power? The 


Cult did which he serves like a little boy in short trousers doing 
what his daddy tells him. He and his psychopathic missus even 
smiled when they said that much worse was to come (what they 
knew was planned to come). Gates responded in the matter-of-fact 
way of all psychopaths to a question about the effect on the world 
economy of what he was doing: 


Well, it won’t go to zero but it will shrink. Global GDP is probably going to take the biggest 
hit ever [Gates was smiling as he said this] ... in my lifetime this will be the greatest economic 
hit. But you don’t have a choice. People act as if you have a choice. People don’t feel like 
going to the stadium when they might get infected ... People are deeply affected by seeing 
these stats, by knowing they could be part of the transmission chain, old people, their parents 
and grandparents, could be affected by this, and so you don’t get to say ignore what is going 
on here. 


There will be the ability to open up, particularly in rich countries, if things are done well over 
the next few months, but for the world at large normalcy only returns when we have largely 
vaccinated the entire population. 


The man has no compassion or empathy. How could he when he’s 
a psychopath like all Cult players? My own view is that even beyond 
that he is very seriously mentally ill. Look in his eyes and you can 
see this along with his crazy flailing arms. You don’t do what he has 
done to the world population since the start of 2020 unless you are 
mentally ill and at the most extreme end of psychopathic. You 
especially don’t do it when to you know, as we shall see, that cases 
and deaths from ‘Covid’ are fakery and a product of monumental 
figure massaging. ‘These stats’ that Gates referred to are based on a 
‘test’ that’s not testing for the ‘virus’ as he has known all along. He 
made his fortune with big Cult support as an infamously ruthless 
software salesman and now buys global control of ‘health’ (death) 
policy without the population he affects having any say. It’s a 
breathtaking outrage. Gates talked about people being deeply 
affected by fear of ‘Covid’ when that was because of him and his 
global network lying to them minute-by-minute supported by a 
lying media that he seriously influences and funds to the tune of 
hundreds of millions. He’s handed big sums to media operations 
including the BBC, NBC, Al Jazeera, Univision, PBS NewsHour, 


ProPublica, National Journal, The Guardian, The Financial Times, The 
Atlantic, Texas Tribune, USA Today publisher Gannett, Washington 
Monthly, Le Monde, Center for Investigative Reporting, Pulitzer 
Center on Crisis Reporting, National Press Foundation, International 
Center for Journalists, Solutions Journalism Network, the Poynter 
Institute for Media Studies, and many more. Gates is everywhere in 
the ‘Covid’ hoax and the man must go to prison — or a mental facility 
— for the rest of his life and his money distributed to those he has 
taken such enormous psychopathic pleasure in crushing. 


The Muscle 

The Hunger Games global structure demands a police-military state 
— a fusion of the two into one force — which viciously imposes the 
will of the Cult on the population and protects the Cult from public 
rebellion. In that regard, too, the ‘Covid’ hoax just keeps on giving. 
Often unlawful, ridiculous and contradictory ‘Covid’ rules and 
regulations have been policed across the world by moronic 
automatons and psychopaths made faceless by face-nappy masks 
and acting like the Nazi SS and fascist blackshirts and brownshirts of 
Hitler and Mussolini. The smallest departure from the rules decreed 
by the psychos in government and their clueless gofers were jumped 
upon by the face-nappy fascists. Brutality against public protestors 
soon became commonplace even on girls, women and old people as 
the brave men with the batons — the Face-Nappies as I call them — 
broke up peaceful protests and handed out fines like confetti to 
people who couldn’t earn a living let alone pay hundreds of pounds 
for what was once an accepted human right. Robot Face-Nappies of 
Nottingham police in the English East Midlands fined one group 
£11,000 for attending a child’s birthday party. For decades I charted 
the transformation of law enforcement as genuine, decent officers 
were replaced with psychopaths and the brain dead who would 
happily and brutally do whatever their masters told them. Now they 
were let loose on the public and I would emphasise the point that 
none of this just happened. The step-by-step change in the dynamic 
between police and public was orchestrated from the shadows by 


those who knew where this was all going and the same with the 
perceptual reframing of those in all levels of authority and official 
administration through ‘training courses’ by organisations such as 
Common Purpose which was created in the late 1980s and given a 
massive boost in Blair era Britain until it became a global 
phenomenon. Supposed public ‘servants’ began to view the 
population as the enemy and the same was true of the police. This 
was the start of the explosion of behaviour manipulation 
organisations and networks preparing for the all-war on the human 
psyche unleashed with the dawn of 2020. I will go into more detail 
about this later in the book because it is a core part of what is 
happening. 

Police desecrated beauty spots to deter people gathering and 
arrested women for walking in the countryside alone ‘too far’ from 
their homes. We had arrogant, clueless sergeants in the Isle of Wight 
police where I live posting on Facebook what they insisted the 
population must do or else. A schoolmaster sergeant called Radford 
looked young enough for me to ask if his mother knew he was out, 
but he was posting what he expected people to do while a Sergeant 
Wilkinson boasted about fining lads for meeting in a McDonald’s car 
park where they went to get a lockdown takeaway. Wilkinson added 
that he had even cancelled their order. What a pair of prats these 
people are and yet they have increasingly become the norm among 
Jackboot Johnson’s Yellowshirts once known as the British police. 
This was the theme all over the world with police savagery common 
during lockdown protests in the United States, the Netherlands, and 
the fascist state of Victoria in Australia under its tyrannical and 
again moronic premier Daniel Andrews. Amazing how tyrannical 
and moronic tend to work as a team and the same combination 
could be seen across America as arrogant, narcissistic Woke 
governors and mayors such as Gavin Newsom (California), Andrew 
Cuomo (New York), Gretchen Whitmer (Michigan), Lori Lightfoot 
(Chicago) and Eric Garcetti (Los Angeles) did their Nazi and Stalin 
impressions with the full support of the compliant brutality of their 
enforcers in uniform as they arrested small business owners defying 


fascist shutdown orders and took them to jail in ankle shackles and 
handcuffs. This happened to bistro owner Marlena Pavlos-Hackney 
in Gretchen Whitmer’s fascist state of Michigan when police arrived 
to enforce an order by a state-owned judge for ‘putting the 
community at risk’ at a time when other states like Texas were 
dropping restrictions and migrants were pouring across the 
southern border without any ‘Covid’ questions at all. I’m sure there 
are many officers appalled by what they are ordered to do, but not 
nearly enough of them. If they were truly appalled they would not 
do it. As the months passed every opportunity was taken to have the 
military involved to make their presence on the streets ever more 
familiar and ‘normal’ for the longer-term goal of police-military 
fusion. 

Another crucial element to the Hunger Games enforcement 
network has been encouraging the public to report neighbours and 
others for ‘breaking the lockdown rules’. The group faced with 
£11,000 in fines at the child’s birthday party would have been 
dobbed-in by a neighbour with a brain the size of a pea. The 
technique was most famously employed by the Stasi secret police in 
communist East Germany who had public informants placed 
throughout the population. A police chief in the UK says his force 
doesn’t need to carry out ‘Covid’ patrols when they are flooded with 
so many calls from the public reporting other people for visiting the 
beach. Dorset police chief James Vaughan said people were so 
enthusiastic about snitching on their fellow humans they were now 
operating as an auxiliary arm of the police: ‘We are still getting 
around 400 reports a week from the public, so we will respond to 
reports ...We won't need to be doing hotspot patrols because people 
are very quick to pick the phone up and tell us.’ Vaughan didn’t say 
that this is a pillar of all tyrannies of whatever complexion and the 
means to hugely extend the reach of enforcement while spreading 
distrust among the people and making them wary of doing anything 
that might get them reported. Those narcissistic Isle of Wight 
sergeants Radford and Wilkinson never fail to add a link to their 
Facebook posts where the public can inform on their fellow slaves. 


Neither would be self-aware enough to realise they were imitating 
the Stasi which they might well never have heard of. Government 
psychologists that I will expose later laid out a policy to turn 
communities against each other in the same way. 


A coincidence? Yep, and | can knit fog 

I knew from the start of the alleged pandemic that this was a Cult 
operation. It presented limitless potential to rapidly advance the Cult 
agenda and exploit manipulated fear to demand that every man, 
woman and child on the planet was ‘vaccinated’ in a process never 
used on humans before which infuses self-replicating synthetic 
material into human cells. Remember the plan to transform the 
human body from a biological to a synthetic biological state. I’ll deal 
with the ‘vaccine’ (that’s not actually a vaccine) when I focus on the 
genetic agenda. Enough to say here that mass global ‘vaccination’ 
justified by this ‘new virus’ set alarms ringing after 30 years of 
tracking these people and their methods. The ‘Covid’ hoax officially 
beginning in China was also a big red flag for reasons I will be 
explaining. The agenda potential was so enormous that I could 
dismiss any idea that the ‘virus’ appeared naturally. Major 
happenings with major agenda implications never occur without 
Cult involvement in making them happen. My questions were 
twofold in early 2020 as the media began its campaign to induce 
global fear and hysteria: Was this alleged infectious agent released 
on purpose by the Cult or did it even exist at all? I then did what I 
always do in these situations. I sat, observed and waited to see 
where the evidence and information would take me. By March and 
early April synchronicity was strongly — and ever more so since then 
— pointing me in the direction of there is no ‘virus’. 1 went public on 
that with derision even from swathes of the alternative media that 
voiced a scenario that the Chinese government released the ‘virus’ in 
league with Deep State elements in the United States from a top- 
level bio-lab in Wuhan where the ‘virus’ is said to have first 
appeared. I looked at that possibility, but I didn’t buy it for several 
reasons. Deaths from the ‘virus’ did not in any way match what they 


would have been with a ‘deadly bioweapon’ and it is much more 
effective if you sell the illusion of an infectious agent rather than 
having a real one unless you can control through injection who has it 
and who doesn’t. Otherwise you lose control of events. A made-up 
‘virus’ gives you a blank sheet of paper on which you can make it do 
whatever you like and have any symptoms or mutant ‘variants’ you 
choose to add while a real infectious agent would limit you to what 
it actually does. A phantom disease allows you to have endless 
ludicrous ‘studies’ on the ‘Covid’ dollar to widen the perceived 
impact by inventing ever more ‘at risk’ groups including one study 
which said those who walk slowly may be almost four times more 
likely to die from the ‘virus’. People are in psychiatric wards for less. 


A real ‘deadly bioweapon’ can take out people in the hierarchy 
that are not part of the Cult, but essential to its operation. Obviously 
they don’t want that. Releasing a real disease means you 
immediately lose control of it. Releasing an illusory one means you 
don’t. Again it’s vital that people are extra careful when dealing with 
what they want to hear. A bioweapon unleashed from a Chinese 
laboratory in collusion with the American Deep State may fit a 
conspiracy narrative, but is it true? Would it not be far more effective 
to use the excuse of a ‘virus’ to justify the real bioweapon — the 
‘vaccine’? That way your disease agent does not have to be 
transmitted and arrives directly through a syringe. I saw a French 
virologist Luc Montagnier quoted in the alternative media as saying 
he had discovered that the alleged ‘new’ severe acute respiratory 
syndrome coronavirus , or SARS-CoV-2, was made artificially and 
included elements of the human immunodeficiency ‘virus’ (HIV) 
and a parasite that causes malaria. SARS-CoV-2 is alleged to trigger 
an alleged illness called Covid-19. I remembered Montagnier’s name 
from my research years before into claims that an HIV ‘retrovirus’ 
causes AIDs — claims that were demolished by Berkeley virologist 
Peter Duesberg who showed that no one had ever proved that HIV 
causes acquired immunodeficiency syndrome or AIDS. Claims that 
become accepted as fact, publicly and medically, with no proof 
whatsoever are an ever-recurring story that profoundly applies to 


‘Covid’. Nevertheless, despite the lack of proof, Montagnier’s team 
at the Pasteur Institute in Paris had a long dispute with American 
researcher Robert Gallo over which of them discovered and isolated 
the HIV ‘virus’ and with no evidence found it to cause AIDS. You will 
see later that there is also no evidence that any ‘virus’ causes any 
disease or that there is even such a thing as a ‘virus’ in the way it is 
said to exist. The claim to have ‘isolated’ the HIV ‘virus’ will be 
presented in its real context as we come to the shocking story — and 
it is a story — of SARS-CoV-2 and so will Montagnier’s assertion that 
he identified the full SARS-CoV-2 genome. 


Hoax in the making 

We can pick up the ‘Covid’ story in 2010 and the publication by the 
Rockefeller Foundation of a document called ‘Scenarios for the 
Future of Technology and International Development’. The inner 
circle of the Rockefeller family has been serving the Cult since John 
D. Rockefeller (1839-1937) made his fortune with Standard Oil. It is 
less well known that the same Rockefeller — the Bill Gates of his day 
— was responsible for establishing what is now referred to as ‘Big 
Pharma’, the global network of pharmaceutical companies that make 
outrageous profits dispensing scalpel and drug ‘medicine’ and are 
obsessed with pumping vaccines in ever-increasing number into as 
many human arms and backsides as possible. John D. Rockefeller 
was the driving force behind the creation of the ‘education’ system 
in the United States and elsewhere specifically designed to program 
the perceptions of generations thereafter. The Rockefeller family 
donated exceptionally valuable land in New York for the United 
Nations building and were central in establishing the World Health 
Organization in 1948 as an agency of the UN which was created 
from the start as a Trojan horse and stalking horse for world 
government. Now enter Bill Gates. His family and the Rockefellers 
have long been extremely close and I have seen genealogy which 
claims that if you go back far enough the two families fuse into the 
same bloodline. Gates has said that the Bill and Melinda Gates 
Foundation was inspired by the Rockefeller Foundation and why not 


when both are serving the same Cult? Major tax-exempt foundations 
are overwhelmingly criminal enterprises in which Cult assets fund 
the Cult agenda in the guise of ‘philanthropy’ while avoiding tax in 
the process. Cult operatives can become mega-rich in their role of 
front men and women for the psychopaths at the inner core and 
they, too, have to be psychopaths to knowingly serve such evil. Part 
of the deal is that a big percentage of the wealth gleaned from 
representing the Cult has to be spent advancing the ambitions of the 
Cult and hence you have the Rockefeller Foundation, Bill and 
Melinda Gates Foundation (and so many more) and people like 
George Soros with his global Open Society Foundations spending 
their billions in pursuit of global Cult control. Gates is a global 
public face of the Cult with his interventions in world affairs 
including Big Tech influence; a central role in the ‘Covid’ and 
‘vaccine’ scam; promotion of the climate change shakedown; 
manipulation of education; geoengineering of the skies; and his 
food-control agenda as the biggest owner of farmland in America, 
his GMO promotion and through other means. As one writer said: 
‘Gates monopolizes or wields disproportionate influence over the 
tech industry, global health and vaccines, agriculture and food policy 
(including biopiracy and fake food), weather modification and other 
climate technologies, surveillance, education and media.’ The almost 
limitless wealth secured through Microsoft and other not-allowed- 
to-fail ventures (including vaccines) has been ploughed into a long, 
long list of Cult projects designed to enslave the entire human race. 
Gates and the Rockefellers have been working as one unit with the 
Rockefeller-established World Health Organization leading global 
‘Covid’ policy controlled by Gates through his mouth-piece Tedros. 
Gates became the WHO’s biggest funder when Trump announced 
that the American government would cease its donations, but Biden 
immediately said he would restore the money when he took office in 
January, 2021. The Gates Foundation (the Cult) owns through 
limitless funding the world health system and the major players 
across the globe in the ‘Covid’ hoax. 


Okay, with that background we return to that Rockefeller 
Foundation document of 2010 headed ‘Scenarios for the Future of 
Technology and International Development’ and its ‘imaginary’ 
epidemic of a virulent and deadly influenza strain which infected 20 
percent of the global population and killed eight million in seven 
months. The Rockefeller scenario was that the epidemic destroyed 
economies, closed shops, offices and other businesses and led to 
governments imposing fierce rules and restrictions that included 
mandatory wearing of face masks and body-temperature checks to 
enter communal spaces like railway stations and supermarkets. The 
document predicted that even after the height of the Rockefeller- 
envisaged epidemic the authoritarian rule would continue to deal 
with further pandemics, transnational terrorism, environmental 
crises and rising poverty. Now you may think that the Rockefellers 
are our modern-day seers or alternatively, and rather more likely, 
that they well knew what was planned a few years further on. 
Fascism had to be imposed, you see, to ‘protect citizens from risk 
and exposure’. The Rockefeller scenario document said: 


During the pandemic, national leaders around the world flexed their authority and imposed 
airtight rules and restrictions, from the mandatory wearing of face masks to body-temperature 
checks at the entries to communal spaces like train stations and supermarkets. Even after the 
pandemic faded, this more authoritarian control and oversight of citizens and their activities 
stuck and even intensified. In order to protect themselves from the spread of increasingly 
global problems — from pandemics and transnational terrorism to environmental crises and 
rising poverty — leaders around the world took a firmer grip on power. 


At first, the notion of a more controlled world gained wide acceptance and approval. Citizens 
willingly gave up some of their sovereignty — and their privacy — to more paternalistic states in 
exchange for greater safety and stability. Citizens were more tolerant, and even eager, for top- 
down direction and oversight, and national leaders had more latitude to impose order in the 
ways they saw fit. 


In developed countries, this heightened oversight took many forms: biometric IDs for all 
citizens, for example, and tighter regulation of key industries whose stability was deemed vital 
to national interests. In many developed countries, enforced cooperation with a suite of new 
regulations and agreements slowly but steadily restored both order and, importantly, 
economic growth. 


There we have the prophetic Rockefellers in 2010 and three years 
later came their paper for the Global Health Summit in Beijing, 
China, when government representatives, the private sector, 
international organisations and groups met to discuss the next 100 
years of ‘global health’. The Rockefeller Foundation-funded paper 
was called ‘Dreaming the Future of Health for the Next 100 Years 
and more prophecy ensued as it described a dystopian future: ‘The 
abundance of data, digitally tracking and linking people may mean 
the ‘death of privacy’ and may replace physical interaction with 
transient, virtual connection, generating isolation and raising 
questions of how values are shaped in virtual networks.’ Next in the 
‘Covid’ hoax preparation sequence came a ‘table top’ simulation in 
2018 for another ‘imaginary’ pandemic of a disease called Clade X 
which was said to kill 900 million people. The exercise was 
organised by the Gates-funded Johns Hopkins University’s Center 
for Health Security in the United States and this is the very same 
university that has been compiling the disgustingly and 
systematically erroneous global figures for ‘Covid’ cases and deaths. 
Similar Johns Hopkins health crisis scenarios have included the Dark 
Winter exercise in 2001 and Atlantic Storm in 2005. 


Nostradamus 201 

For sheer predictive genius look no further prophecy-watchers than 
the Bill Gates-funded Event 201 held only six weeks before the 
‘coronavirus pandemic’ is supposed to have broken out in China 
and Event 201 was based on a scenario of a global ‘coronavirus 
pandemic’. Melinda Gates, the great man’s missus, told the BBC that 
he had ‘prepared for years’ for a coronavirus pandemic which told 
us what we already knew. Nostradamugates had predicted in a TED 
talk in 2015 that a pandemic was coming that would kill a lot of 
people and demolish the world economy. My god, the man is a 
machine — possibly even literally. Now here he was only weeks 
before the real thing funding just such a simulated scenario and 
involving his friends and associates at Johns Hopkins, the World 
Economic Forum Cult-front of Klaus Schwab, the United Nations, 


Johnson & Johnson, major banks, and officials from China and the 
Centers for Disease Control in the United States. What synchronicity 
— Johns Hopkins would go on to compile the fraudulent ‘Covid’ 
figures, the World Economic Forum and Schwab would push the 
‘Great Reset’ in response to ‘Covid’, the Centers for Disease Control 
would be at the forefront of “Covid’ policy in the United States, 
Johnson & Johnson would produce a ‘Covid vaccine’, and 
everything would officially start just weeks later in China. Spooky, 
eh? They were even accurate in creating a simulation of a ‘virus’ 
pandemic because the ‘real thing’ would also be a simulation. Event 
201 was not an exercise preparing for something that might happen; 
it was a rehearsal for what those in control knew was going to 
happen and very shortly. Hours of this simulation were posted on 
the Internet and the various themes and responses mirrored what 
would soon be imposed to transform human society. News stories 
were inserted and what they said would be commonplace a few 
weeks later with still more prophecy perfection. Much discussion 
focused on the need to deal with misinformation and the ‘anti-vax 
movement’ which is exactly what happened when the ‘virus’ arrived 
— was Said to have arrived — in the West. 

Cult-owned social media banned criticism and exposure of the 
official ‘virus’ narrative and when I said there was no ‘virus’ in early 
April, 2020, I was banned by one platform after another including 
YouTube, Facebook and later Twitter. The mainstream broadcast 
media in Britain was in effect banned from interviewing me by the 
Tony-Blair-created government broadcasting censor Ofcom headed 
by career government bureaucrat Melanie Dawes who was 
appointed just as the ‘virus’ hoax was about to play out in January, 
2020. At the same time the Ickonic media platform was using Vimeo, 
another ultra-Zionist-owned operation, while our own player was 
being created and they deleted in an instant hundreds of videos, 
documentaries, series and shows to confirm their unbelievable 
vindictiveness. We had copies, of course, and they had to be restored 
one by one when our player was ready. These people have no class. 
Sabbatian Facebook promised free advertisements for the Gates- 


controlled World Health Organization narrative while deleting ‘false 
claims and conspiracy theories’ to stop ‘misinformation’ about the 
alleged coronavirus. All these responses could be seen just a short 
while earlier in the scenarios of Event 201. Extreme censorship was 
absolutely crucial for the Cult because the official story was so 
ridiculous and unsupportable by the evidence that it could never 
survive open debate and the free-flow of information and opinion. If 
you can’t win a debate then don’t have one is the Cult’s approach 
throughout history. Facebook’s little boy front man — front boy — 
Mark Zuckerberg equated ‘credible and accurate information’ with 
official sources and exposing their lies with ‘misinformation’. 


Silencing those that can see 

The censorship dynamic of Event 201 is now the norm with an army 
of narrative-supporting ‘fact-checker’ organisations whose entire 
reason for being is to tell the public that official narratives are true 
and those exposing them are lying. One of the most appalling of 
these ‘fact-checkers’ is called NewsGuard founded by ultra-Zionist 
Americans Gordon Crovitz and Steven Brill. Crovitz is a former 
publisher of The Wall Street Journal, former Executive Vice President 
of Dow Jones, a member of the Council on Foreign Relations (CFR), 
and on the board of the American Association of Rhodes Scholars. 
The CFR and Rhodes Scholarships, named after Rothschild agent 
Cecil Rhodes who plundered the gold and diamonds of South Africa 
for his masters and the Cult, have featured widely in my books. 
NewsGuard don’t seem to like me for some reason — I really can’t 
think why — and they have done all they can to have me censored 
and discredited which is, to quote an old British politician, like being 
savaged by a dead sheep. They are, however, like all in the 
censorship network, very well connected and funded by 
organisations themselves funded by, or connected to, Bill Gates. As 
you would expect with anything associated with Gates NewsGuard 
has an offshoot called HealthGuard which ‘fights online health care 
hoaxes’. How very kind. Somehow the NewsGuard European 
Managing Director Anna-Sophie Harling, a remarkably young- 


looking woman with no broadcasting experience and little hands-on 
work in journalism, has somehow secured a position on the ‘Content 
Board’ of UK government broadcast censor Ofcom. An executive of 
an organisation seeking to discredit dissidents of the official 
narratives is making decisions for the government broadcast 
‘regulator’ about content?? Another appalling ‘fact-checker’ is Full 
Fact funded by George Soros and global censors Google and 
Facebook. 


It’s amazing how many activists in the ‘fact-checking’, ‘anti-hate’, 
arena turn up in government-related positions — people like UK 
Labour Party activist Imran Ahmed who heads the Center for 
Countering Digital Hate founded by people like Morgan 
McSweeney, now chief of staff to the Labour Party’s hapless and 
useless ‘leader’ Keir Starmer. Digital Hate — which is what it really is 
— uses the American spelling of Center to betray its connection to a 
transatlantic network of similar organisations which in 2020 
shapeshifted from attacking people for ‘hate’ to attacking them for 
questioning the ‘Covid’ hoax and the dangers of the ‘Covid vaccine’. 
It’s just a coincidence, you understand. This is one of Imran Ahmed’s 
hysterical statements: ‘I would go beyond calling anti-vaxxers 
conspiracy theorists to say they are an extremist group that pose a 
national security risk.’ No one could ever accuse this prat of 
understatement and he’s including in that those parents who are 
now against vaccines after their children were damaged for life or 
killed by them. He’s such a nice man. Ahmed does the rounds of the 
Woke media getting soft-ball questions from spineless ‘journalists’ 
who never ask what right he has to campaign to destroy the freedom 
of speech of others while he demands it for himself. There also 
seems to be an overrepresentation in Ofcom of people connected to 
the narrative-worshipping BBC. This incredible global network of 
narrative-support was super-vital when the ‘Covid’ hoax was played 
in the light of the mega-whopper lies that have to be defended from 
the spotlight cast by the most basic intelligence. 


The Cult plays the long game and proceeds step-by-step ensuring 
that everything is in place before major cards are played and they 
don’t come any bigger than the ‘Covid’ hoax. The psychopaths can’t 
handle events where the outcome isn’t certain and as little as 
possible — preferably nothing — is left to chance. Politicians, 
government and medical officials who would follow direction were 
brought to illusory power in advance by the Cult web whether on 
the national stage or others like state governors and mayors of 
America. For decades the dynamic between officialdom, law 
enforcement and the public was changed from one of service to one 
of control and dictatorship. Behaviour manipulation networks 
established within government were waiting to impose the coming 
‘Covid’ rules and regulations specifically designed to subdue and 
rewire the psyche of the people in the guise of protecting health. 
These included in the UK the Behavioural Insights Team part-owned 
by the British government Cabinet Office; the Scientific Pandemic 
Insights Group on Behaviours (SPI-B); and a whole web of 
intelligence and military groups seeking to direct the conversation 
on social media and control the narrative. Among them are the 
cyberwarfare (on the people) 77th Brigade of the British military 
which is also coordinated through the Cabinet Office as civilian and 
military leadership continues to combine in what they call the 
Fusion Doctrine. The 77th Brigade is a British equivalent of the 
infamous Israeli (Sabbatian) military cyberwarfare and Internet 
manipulation operation Unit 8200 which I expose at length in The 
Trigger. Also carefully in place were the medical and science advisers 
to government — many on the payroll past or present of Bill Gates — 
and a whole alternative structure of unelected government stood by 
to take control when elected parliaments were effectively closed 
down once the ‘Covid’ card was slammed on the table. The structure 
I have described here and so much more was installed in every 
major country through the Cult networks. The top-down control 
hierarchy looks like this: The Cult — Cult-owned Gates — the World 
Health Organization and Tedros — Gates-funded or controlled chief 
medical officers and science ‘advisers’ (dictators) in each country — 


political ‘leaders’— law enforcement — The People. Through this 
simple global communication and enforcement structure the policy 
of the Cult could be imposed on virtually the entire human 
population so long as they acquiesced to the fascism. With 
everything in place it was time for the button to be pressed in late 
2019/early 2020. 


These were the prime goals the Cult had to secure for its will to 
prevail: 


1) Locking down economies, closing all but designated ‘essential’ businesses (Cult-owned 
corporations were ‘essential’), and putting the population under house arrest was an 
imperative to destroy independent income and employment and ensure dependency on the 
Cult-controlled state in the Hunger Games Society. Lockdowns had to be established as the 
global blueprint from the start to respond to the ‘virus’ and followed by pretty much the 
entire world. 


2) The global population had to be terrified into believing in a deadly ‘virus’ that didn’t 
actually exist so they would unquestioningly obey authority in the belief that authority 
must know how best to protect them and their families. Software salesman Gates would 
suddenly morph into the world’s health expert and be promoted as such by the Cult-owned 
media. 


3) A method of testing that wasn’t testing for the ‘virus’, but was only claimed to be, had to 
be in place to provide the illusion of ‘cases’ and subsequent ‘deaths’ that had a very 
different cause to the ‘Covid-19’ that would be scribbled on the death certificate. 


4) Because there was no ‘virus’ and the great majority testing positive with a test not testing 
for the ‘virus’ would have no symptoms of anything the lie had to be sold that people 
without symptoms (without the ‘virus’) could still pass it on to others. This was crucial to 
justify for the first time quarantining — house arresting — healthy people. Without this the 
economy-destroying lockdown of everybody could not have been credibly sold. 


5) The ‘saviour’ had to be seen as a vaccine which beyond evil drug companies were 
working like angels of mercy to develop as quickly as possible, with all corners cut, to save 
the day. The public must absolutely not know that the ‘vaccine’ had nothing to do with a 
‘virus’ or that the contents were ready and waiting with a very different motive long before 
the ‘Covid’ card was even lifted from the pack. 


I said in March, 2020, that the ‘vaccine’ would have been created 
way ahead of the ‘Covid’ hoax which justified its use and the 
following December an article in the New York Intelligencer 
magazine said the Moderna ‘vaccine’ had been ‘designed’ by 


January, 2020. This was ‘before China had even acknowledged that 
the disease could be transmitted from human to human, more than a 
week before the first confirmed coronavirus case in the United 
States’. The article said that by the time the first American death was 
announced a month later ‘the vaccine had already been 
manufactured and shipped to the National Institutes of Health for 
the beginning of its Phase I clinical trial’. The ‘vaccine’ was actually 
‘designed’ long before that although even with this timescale you 
would expect the article to ask how on earth it could have been done 
that quickly. Instead it asked why the ‘vaccine’ had not been rolled 
out then and not months later. Journalism in the mainstream is truly 
dead. I am going to detail in the next chapter why the ‘virus’ has 
never existed and how a hoax on that scale was possible, but first the 
foundation on which the Big Lie of ‘Covid’ was built. 


The test that doesn't test 


Fraudulent ‘testing’ is the bottom line of the whole ‘Covid’ hoax and 
was the means by which a ‘virus’ that did not exist appeared to exist. 
They could only achieve this magic trick by using a test not testing 
for the ‘virus’. To use a test that was testing for the ‘virus’ would 
mean that every test would come back negative given there was no 
‘virus’. They chose to exploit something called the RT-PCR test 
invented by American biochemist Kary Mullis in the 1980s who said 
publicly that his PCR test ... cannot detect infectious disease. Yes, the 
‘test’ used worldwide to detect infectious ‘Covid’ to produce all the 
illusory ‘cases’ and ‘deaths’ compiled by Johns Hopkins and others 
cannot detect infectious disease. This fact came from the mouth of the 
man who invented PCR and was awarded the Nobel Prize in 
Chemistry in 1993 for doing so. Sadly, and incredibly conveniently 
for the Cult, Mullis died in August, 2019, at the age of 74 just before 
his test would be fraudulently used to unleash fascism on the world. 
He was said to have died from pneumonia which was an irony in 
itself. A few months later he would have had ‘Covid-19’ on his death 
certificate. I say the timing of his death was convenient because had 
he lived Mullis, a brilliant, honest and decent man, would have been 


vociferously speaking out against the use of his test to detect “Covid’ 
when it was never designed, or able, to do that. I know that to be 
true given that Mullis made the same point when his test was used 
to ‘detect’ — not detect — HIV. He had been seriously critical of the 
Gallo/Montagnier claim to have isolated the HIV ‘virus’ and shown 
it to cause AIDS for which Mullis said there was no evidence. AIDS 
is actually not a disease but a series of diseases from which people 
die all the time. When they die from those same diseases after a 
positive ‘test’ for HIV then AIDS goes on their death certificate. I 
think I’ve heard that before somewhere. Countries instigated a 
policy with ‘Covid’ that anyone who tested positive with a test not 
testing for the ‘virus’ and died of any other cause within 28 days and 
even longer ‘Covid-19 had to go on the death certificate. Cases have 
come from the test that can’t test for infectious disease and the 
deaths are those who have died of anything after testing positive 
with a test not testing for the ‘virus’. I’Il have much more later about 
the death certificate scandal. 


Mullis was deeply dismissive of the now US ‘Covid’ star Anthony 
Fauci who he said was a liar who didn’t know anything about 
anything — ‘and I would say that to his face — nothing.’ He said of 
Fauci: ‘The man thinks he can take a blood sample, put it in an 
electron microscope and if it’s got a virus in there you'll know it — he 
doesn’t understand electron microscopy and he doesn’t understand 
medicine and shouldn’t be in a position like he’s in.’ That position, 
terrifyingly, has made him the decider of “Covid’ fascism policy on 
behalf of the Cult in his role as director since 1984 of the National 
Institute of Allergy and Infectious Diseases (NIAID) while his record 
of being wrong is laughable; but being wrong, so long as it’s the right 
kind of wrong, is why the Cult loves him. He’ll say anything the Cult 
tells him to say. Fauci was made Chief Medical Adviser to the 
President immediately Biden took office. Biden was installed in the 
White House by Cult manipulation and one of his first decisions was 
to elevate Fauci to a position of even more control. This is a 
coincidence? Yes, and I identify as a flamenco dancer called Lola. 
How does such an incompetent criminal like Fauci remain in that 


pivotal position in American health since the 1980s? When you serve 
the Cult it looks after you until you are surplus to requirements. 
Kary Mullis said prophetically of Fauci and his like: “Those guys 
have an agenda and it’s not an agenda we would like them to have 
... they make their own rules, they change them when they want to, 
and Tony Fauci does not mind going on television in front of the 
people who pay his salary and lie directly into the camera.’ Fauci has 
done that almost daily since the ‘Covid’ hoax began. Lying is in 
Fauci’s DNA. To make the situation crystal clear about the PCR test 
this is a direct quote from its inventor Kary Mullis: 


It [the PCR test] doesn’t tell you that you’re sick and doesn’t tell you that the thing you ended 
up with was really going to hurt you ...’ 


Ask yourself why governments and medical systems the world over 
have been using this very test to decide who is ‘infected’ with the 
SARS-CoV-2 ‘virus’ and the alleged disease it allegedly causes, 
‘Covid-19’. The answer to that question will tell you what has been 
going on. By the way, here’s a little show-stopper — the ‘new’ SARS- 
CoV-2 ‘virus’ was ‘identified’ as such right from the start using ... the 
PCR test not testing for the ‘virus’. If you are new to this and find that 
shocking then stick around. I have hardly started yet. Even worse, 
other ‘tests’, like the ‘Lateral Flow Device’ (LFD), are considered so 
useless that they have to be confirmed by the PCR test! Leaked emails 
written by Ben Dyson, adviser to UK ‘Health’ Secretary Matt 
Hancock, said they were ‘dangerously unreliable’. Dyson, executive 
director of strategy at the Department of Health, wrote: ‘As of today, 
someone who gets a positive LFD result in (say) London has at best a 
25 per cent chance of it being a true positive, but if it is a self- 
reported test potentially as low as 10 per cent (on an optimistic 
assumption about specificity) or as low as 2 per cent (on a more 
pessimistic assumption).’ These are the ‘tests’ that schoolchildren 
and the public are being urged to have twice a week or more and 
have to isolate if they get a positive. Each fake positive goes in the 
statistics as a ‘case’ no matter how ludicrously inaccurate and the 


‘cases’ drive lockdown, masks and the pressure to ‘vaccinate’. The 
government said in response to the email leak that the ‘tests’ were 
accurate which confirmed yet again what shocking bloody liars they 
are. The real false positive rate is 100 percent as we’ll see. In another 
‘you couldn’t make it up’ the UK government agreed to pay £2.8 
billion to California’s Innova Medical Group to supply the irrelevant 
lateral flow tests. The company’s primary test-making centre is in 
China. Innova Medical Group, established in March, 2020, is owned 
by Pasaca Capital Inc, chaired by Chinese-American millionaire 
Charles Huang who was born in Wuhan. 


How it works — and how it doesn't 

The RT-PCR test, known by its full title of Polymerase chain reaction, 
is used across the world to make millions, even billions, of copies of 
a DNA/RNA genetic information sample. The process is called 
‘amplification’ and means that a tiny sample of genetic material is 
amplified to bring out the detailed content. I stress that it is not 
testing for an infectious disease. It is simply amplifying a sample of 
genetic material. In the words of Kary Mullis: ‘PCR is ... just a 
process that’s used to make a whole lot of something out of 
something.’ To emphasise the point companies that make the PCR 
tests circulated around the world to ‘test’ for ‘Covid’ warn on the 
box that it can’t be used to detect ‘Covid’ or infectious disease and is 
for research purposes only. It’s okay, rest for a minute and you'll be 
fine. This is the test that produces the ‘cases’ and ‘deaths’ that have 
been used to destroy human society. All those global and national 
medical and scientific ‘experts’ demanding this destruction to ‘save 
us’ KNOW that the test is not testing for the ‘virus’ and the cases and 
deaths they claim to be real are an almost unimaginable fraud. Every 
one of them and so many others including politicians and 
psychopaths like Gates and Tedros must be brought before 
Nuremburg-type trials and jailed for the rest of their lives. The more 
the genetic sample is amplified by PCR the more elements of that 
material become sensitive to the test and by that I don’t mean 
sensitive for a ‘virus’ but for elements of the genetic material which 


is naturally in the body or relates to remnants of old conditions of 
various kinds lying dormant and causing no disease. Once the 
amplification of the PCR reaches a certain level everyone will test 
positive. So much of the material has been made sensitive to the test 
that everyone will have some part of it in their body. Even lying 
criminals like Fauci have said that once PCR amplifications pass 35 
cycles everything will be a false positive that cannot be trusted for 
the reasons I have described. I say, like many proper doctors and 
scientists, that 100 percent of the ‘positives’ are false, but let’s just go 
with Fauci for a moment. 


He says that any amplification over 35 cycles will produce false 
positives and yet the US Centers for Disease Control (CDC) and 
Food and Drug Administration (FDA) have recommended up to 40 
cycles and the National Health Service (NHS) in Britain admitted in 
an internal document for staff that it was using 45 cycles of 
amplification. A long list of other countries has been doing the same 
and at least one ‘testing’ laboratory has been using 50 cycles. Have 
you ever heard a doctor, medical ‘expert’ or the media ask what level 
of amplification has been used to claim a ‘positive’. The ‘test’ comes 
back ‘positive’ and so you have the ‘virus’, end of story. Now we can 
see how the government in Tanzania could send off samples from a 
goat and a pawpaw fruit under human names and both came back 
positive for ‘Covid-19’. Tanzania president John Magufuli mocked 
the ‘Covid’ hysteria, the PCR test and masks and refused to import 
the DNA-manipulating ‘vaccine’. The Cult hated him and an article 
sponsored by the Bill Gates Foundation appeared in the London 
Guardian in February, 2021, headed ‘It’s time for Africa to rein in 
Tanzania’s anti-vaxxer president’. Well, ‘reined in’ he shortly was. 
Magufuli appeared in good health, but then, in March, 2021, he was 
dead at 61 from ‘heart failure’. He was replaced by Samia Hassan 
Suhulu who is connected to Klaus Schwab’s World Economic Forum 
and she immediately reversed Magufuli’s “‘Covid’ policy. A sample of 
cola tested positive for ‘Covid’ with the PCR test in Germany while 
American actress and singer-songwriter Erykah Badu tested positive 
in one nostril and negative in the other. Footballer Ronaldo called 


the PCR test ‘bullshit’ after testing positive three times and being 
forced to quarantine and miss matches when there was nothing 
wrong with him. The mantra from Tedros at the World Health 
Organization and national governments (same thing) has been test, 
test, test. They know that the more tests they can generate the more 
fake ‘cases’ they have which go on to become ‘deaths’ in ways Iam 
coming to. The UK government has its Operation Moonshot planned 
to test multiple millions every day in workplaces and schools with 
free tests for everyone to use twice a week at home in line with the 
Cult plan from the start to make testing part of life. A government 
advertisement for an ‘Interim Head of Asymptomatic Testing 
Communication’ said the job included responsibility for delivering a 
‘communications strategy’ (propaganda) ‘to support the expansion 
of asymptomatic testing that ‘normalises testing as part of everyday life’. 
More tests means more fake ‘cases’, ‘deaths’ and fascism. I have 
heard of, and from, many people who booked a test, couldn’t turn 
up, and yet got a positive result through the post for a test they’d 
never even had. The whole thing is crazy, but for the Cult there’s 
method in the madness. Controlling and manipulating the level of 
amplification of the test means the authorities can control whenever 
they want the number of apparent ‘cases’ and ‘deaths’. If they want 
to justify more fascist lockdown and destruction of livelihoods they 
keep the amplification high. If they want to give the illusion that 
lockdowns and the ‘vaccine’ are working then they lower the 
amplification and ‘cases’ and ‘deaths’ will appear to fall. In January, 
2021, the Cult-owned World Health Organization suddenly warned 
laboratories about over-amplification of the test and to lower the 
threshold. Suddenly headlines began appearing such as: ‘Why ARE 
“Covid” cases plummeting?’ This was just when the vaccine rollout 
was underway and I had predicted months before they would make 
cases appear to fall through amplification tampering when the 
‘vaccine’ came. These people are so predictable. 


The question must be asked of what is on the test swabs being poked 
far up the nose of the population to the base of the brain? A nasal 
swab punctured one woman’s brain and caused it to leak fluid. Most 
of these procedures are being done by people with little training or 
medical knowledge. Dr Lorraine Day, former orthopaedic trauma 
surgeon and Chief of Orthopaedic Surgery at San Francisco General 
Hospital, says the tests are really a ‘vaccine’. Cows have long been 
vaccinated this way. She points out that masks have to cover the nose 
and the mouth where it is claimed the ‘virus’ exists in saliva. Why 
then don’t they take saliva from the mouth as they do with a DNA 
test instead of pushing a long swab up the nose towards the brain? 
The ethmoid bone separates the nasal cavity from the brain and 
within that bone is the cribriform plate. Dr Day says that when the 
swab is pushed up against this plate and twisted the procedure is 
‘depositing things back there’. She claims that among these ‘things’ 
are nanoparticles that can enter the brain. Researchers have noted 
that a team at the Gates-funded Johns Hopkins have designed tiny, 
star-shaped micro-devices that can latch onto intestinal mucosa and 
release drugs into the body. Mucosa is the thin skin that covers the 
inside surface of parts of the body such as the nose and mouth and 
produces mucus to protect them. The Johns Hopkins micro-devices 
are called ‘theragrippers’ and were ‘inspired’ by a parasitic worm 
that digs its sharp teeth into a host’s intestines. Nasal swabs are also 
coated in the sterilisation agent ethylene oxide. The US National 
Cancer Institute posts this explanation on its website: 


At room temperature, ethylene oxide is a flammable colorless gas with a sweet odor. It is used 
primarily to produce other chemicals, including antifreeze. In smaller amounts, ethylene 
oxide is used as a pesticide and a sterilizing agent. The ability of ethylene oxide to damage 
DNA makes it an effective sterilizing agent but also accounts for its cancer-causing activity. 


The Institute mentions lymphoma and leukaemia as cancers most 
frequently reported to be associated with occupational exposure to 
ethylene oxide along with stomach and breast cancers. How does 
anyone think this is going to work out with the constant testing 


regime being inflicted on adults and children at home and at school 
that will accumulate in the body anything that’s on the swab? 


Doctors know best 

It is vital for people to realise that ‘hero’ doctors ‘know’ only what 
the Big Pharma-dominated medical authorities tell them to ‘know’ 
and if they refuse to ‘know’ what they are told to ‘know’ they are out 
the door. They are mostly not physicians or healers, but repeaters of 
the official narrative — or else. I have seen alleged professional 
doctors on British television make shocking statements that we are 
supposed to take seriously. One called ‘Dr’ Amir Khan, who is 
actually telling patients how to respond to illness, said that men 
could take the birth pill to ‘help slow down the effects of Covid-19”. 
In March, 2021, another ridiculous “Covid study’ by an American 
doctor proposed injecting men with the female sex hormone 
progesterone as a ‘Covid’ treatment. British doctor Nighat Arif told 
the BBC that face coverings were now going to be part of ongoing 
normal. Yes, the vaccine protects you, she said (evidence?) ... but the 
way to deal with viruses in the community was always going to 
come down to hand washing, face covering and keeping a physical 
distance. That’s not what we were told before the ‘vaccine’ was 
circulating. Arif said she couldn't imagine ever again going on the 
underground or in a lift without a mask. I was just thanking my 
good luck that she was not my doctor when she said — in March, 
2021 — that if “we are behaving and we are doing all the right things’ 
she thought we could ‘have our nearest and dearest around us at 
home ... around Christmas and New Year! Her patronising delivery 
was the usual school teacher talking to six-year-olds as she repeated 
every government talking point and probably believed them all. If 
we have learned anything from the ‘Covid’ experience surely it must 
be that humanity’s perception of doctors needs a fundamental 
rethink. NHS ‘doctor’ Sara Kayat told her television audience that 
the ‘Covid vaccine’ would ‘100 percent prevent hospitalisation and 
death’. Not even Big Pharma claimed that. We have to stop taking 
‘experts’ at their word without question when so many of them are 


clueless and only repeating the party line on which their careers 
depend. That is not to say there are not brilliants doctors — there are 
and I have spoken to many of them since all this began — but you 
won't see them in the mainstream media or quoted by the 
psychopaths and yes-people in government. 


Remember the name — Christian Drosten 

German virologist Christian Drosten, Director of Charité Institute of 
Virology in Berlin, became a national star after the pandemic hoax 
began. He was feted on television and advised the German 
government on ‘Covid’ policy. Most importantly to the wider world 
Drosten led a group that produced the ‘Covid’ testing protocol for 
the PCR test. What a remarkable feat given the PCR cannot test for 
infectious disease and even more so when you think that Drosten 
said that his method of testing for SARS-CoV-2 was developed 
‘without having virus material available’. He developed a test for a 
‘virus’ that he didn’t have and had never seen. Let that sink in as you 
survey the global devastation that came from what he did. The 
whole catastrophe of Drosten’s ‘test’ was based on the alleged 
genetic sequence published by Chinese scientists on the Internet. We 
will see in the next chapter that this alleged ‘genetic sequence’ has 
never been produced by China or anyone and cannot be when there 
is no SARS-CoV-2. Drosten, however, doesn’t seem to let little details 
like that get in the way. He was the lead author with Victor Corman 
from the same Charité Hospital of the paper ‘Detection of 2019 novel 
coronavirus (2019-nCoV) by real-time PCR’ published in a magazine 
called Eurosurveillance. This became known as the Corman-Drosten 
paper. In November, 2020, with human society devastated by the 
effects of the Corman-Drosten test baloney, the protocol was publicly 
challenged by 22 international scientists and independent 
researchers from Europe, the United States, and Japan. Among them 
were senior molecular geneticists, biochemists, immunologists, and 
microbiologists. They produced a document headed ‘External peer 
review of the RTPCR test to detect SARS-Cov-2 Reveals 10 Major 
Flaws At The Molecular and Methodological Level: Consequences 


For False-Positive Results’. The flaws in the Corman-Drosten test 
included the following: 


e The test is non-specific because of erroneous design 
e Results are enormously variable 


e The test is unable to discriminate between the whole ‘virus’ and 
viral fragments 


e It doesn’t have positive or negative controls 
e The test lacks a standard operating procedure 
e It is unsupported by proper peer view 


The scientists said the PCR ‘Covid’ testing protocol was not 
founded on science and they demanded the Corman-Drosten paper 
be retracted by Eurosurveillance. They said all present and previous 
Covid deaths, cases, and ‘infection rates’ should be subject to a 
massive retroactive inquiry. Lockdowns and travel restrictions 
should be reviewed and relaxed and those diagnosed through PCR 
to have ‘Covid-19’ should not be forced to isolate. Dr Kevin Corbett, 
a health researcher and nurse educator with a long academic career 
producing a stream of peer-reviewed publications at many UK 
universities, made the same point about the PCR test debacle. He 
said of the scientists’ conclusions: ‘Every scientific rationale for the 
development of that test has been totally destroyed by this paper. It’s 
like Hiroshima/Nagasaki to the Covid test.’ He said that China 
hadn’t given them an isolated ‘virus’ when Drosten developed the 
test. Instead they had developed the test from a sequence in a gene 
bank.’ Put another way ... they made it up! The scientists were 
supported in this contention by a Portuguese appeals court which 
ruled in November, 2020, that PCR tests are unreliable and it is 
unlawful to quarantine people based solely on a PCR test. The point 
about China not providing an isolated virus must be true when the 
‘virus’ has never been isolated to this day and the consequences of 
that will become clear. Drosten and company produced this useless 
‘protocol’ right on cue in January, 2020, just as the ‘virus’ was said to 


be moving westward and it somehow managed to successfully pass 
a peer-review in 24 hours. In other words there was no peer-review 
for a test that would be used to decide who had ‘Covid’ and who 
didn’t across the world. The Cult-created, Gates-controlled World 
Health Organization immediately recommended all its nearly 200 
member countries to use the Drosten PCR protocol to detect ‘cases’ 
and ‘deaths’. The sting was underway and it continues to this day. 


So who is this Christian Drosten that produced the means through 
which death, destruction and economic catastrophe would be 
justified? His education background, including his doctoral thesis, 
would appear to be somewhat shrouded in mystery and his track 
record is dire as with another essential player in the ‘Covid’ hoax, 
the Gates-funded Professor Neil Ferguson at the Gates-funded 
Imperial College in London of whom more shortly. Drosten 
predicted in 2003 that the alleged original SARS ‘virus’ (SARS-1’) 
was an epidemic that could have serious effects on economies and an 
effective vaccine would take at least two years to produce. Drosten’s 
answer to every alleged ‘outbreak’ is a vaccine which you won't be 
shocked to know. What followed were just 774 official deaths 
worldwide and none in Germany where there were only nine cases. 
That is even if you believe there ever was a SARS ‘virus’ when the 
evidence is zilch and I will expand on this in the next chapter. 
Drosten claims to be co-discoverer of ‘SARS-1’ and developed a test 
for it in 2003. He was screaming warnings about ‘swine flu’ in 2009 
and how it was a widespread infection far more severe than any 
dangers from a vaccine could be and people should get vaccinated. It 
would be helpful for Drosten’s vocal chords if he simply recorded 
the words ‘the virus is deadly and you need to get vaccinated’ and 
copies could be handed out whenever the latest made-up threat 
comes along. Drosten’s swine flu epidemic never happened, but Big 
Pharma didn’t mind with governments spending hundreds of 
millions on vaccines that hardly anyone bothered to use and many 
who did wished they hadn’t. A study in 2010 revealed that the risk 
of dying from swine flu, or H1IN1, was no higher than that of the 
annual seasonal flu which is what at least most of ‘it’ really was as in 


the case of ‘Covid-19’. A media investigation into Drosten asked 
how with such a record of inaccuracy he could be the government 
adviser on these issues. The answer to that question is the same with 
Drosten, Ferguson and Fauci — they keep on giving the authorities 
the ‘conclusions’ and ‘advice’ they want to hear. Drosten certainly 
produced the goods for them in January, 2020, with his PCR protocol 
garbage and provided the foundation of what German internal 
medicine specialist Dr Claus Kohnlein, co-author of Virus Mania, 
called the ‘test pandemic’. The 22 scientists in the Eurosurveillance 
challenge called out conflicts of interest within the Drosten ‘protocol’ 
group and with good reason. Olfert Landt, a regular co-author of 
Drosten ‘studies’, owns the biotech company TIB Molbiol 
Syntheselabor GmbH in Berlin which manufactures and sells the 
tests that Drosten and his mates come up with. They have done this 
with SARS, Enterotoxigenic E. coli (ETEC), MERS, Zika ‘virus’, 
yellow fever, and now ‘Covid’. Landt told the Berliner Zeitung 
newspaper: 


The testing, design and development came from the Charité [Drosten and Corman]. We 
simply implemented it immediately in the form of a kit. And if we don’t have the virus, which 
originally only existed in Wuhan, we can make a synthetic gene to simulate the genome of the 
virus. That’s what we did very quickly. 


This is more confirmation that the Drosten test was designed 
without access to the ‘virus’ and only a synthetic simulation which is 
what SARS-CoV-2 really is —- a computer-generated synthetic fiction. 
It’s quite an enterprise they have going here. A Drosten team decides 
what the test for something should be and Landt’s biotech company 
flogs it to governments and medical systems across the world. His 
company must have made an absolute fortune since the ‘Covid’ hoax 
began. Dr Reiner Fuellmich, a prominent German consumer 
protection trial lawyer in Germany and California, is on Drosten’s 
case and that of Tedros at the World Health Organization for crimes 
against humanity with a class-action lawsuit being prepared in the 
United States and other legal action in Germany. 


Scamming the world with a ‘virus’ that doesn’t exist would seem 
impossible on the face of it, but not if you have control of the 
relatively few people that make policy decisions and the great 
majority of the global media. Remember it’s not about changing 
‘real’ reality it’s about controlling perception of reality. You don’t have 
to make something happen you only have make people believe that 
it’s happening. Renegade Minds understand this and are therefore 
much harder to swindle. ‘Covid-19 is not a ‘real’ ‘virus’. It’s a mind 
virus, like a computer virus, which has infected the minds, not the 
bodies, of billions. It all started, publically at least, in China and that 
alone is of central significance. The Cult was behind the revolution 
led by its asset Mao Zedong, or Chairman Mao, which established 
the People’s Republic of China on October 1st, 1949. It should have 
been called The Cult’s Republic of China, but the name had to reflect 
the recurring illusion that vicious dictatorships are run by and for 
the people (see all the ‘Democratic Republics’ controlled by tyrants). 
In the same way we have the ‘Biden’ Democratic Republic of 
America officially ruled by a puppet tyrant (at least temporarily) on 
behalf of Cult tyrants. The creation of Mao’s merciless 
communist/fascist dictatorship was part of a frenzy of activity by the 
Cult at the conclusion of World War Two which, like the First World 
War, it had instigated through its assets in Germany, Britain, France, 
the United States and elsewhere. Israel was formed in 1948; the 
Soviet Union expanded its ‘Iron Curtain’ control, influence and 
military power with the Warsaw Pact communist alliance in 1955; 
the United Nations was formed in 1945 as a Cult precursor to world 
government; and a long list of world bodies would be established 
including the World Health Organization (1948), World Trade 
Organization (1948 under another name until 1995), International 
Monetary Fund (1945) and World Bank (1944). Human society was 
redrawn and hugely centralised in the global Problem-Reaction- 
Solution that was World War Two. All these changes were 
significant. Israel would become the headquarters of the Sabbatians 


and the revolution in China would prepare the ground and control 
system for the events of 2019/2020. 


Renegade Minds know there are no borders except for public 
consumption. The Cult is a seamless, borderless global entity and to 
understand the game we need to put aside labels like borders, 
nations, countries, communism, fascism and democracy. These 
delude the population into believing that countries are ruled within 
their borders by a government of whatever shade when these are 
mere agencies of a global power. America’s illusion of democracy 
and China’s communism/fascism are subsidiaries — vehicles — for the 
same agenda. We may hear about conflict and competition between 
America and China and on the lower levels that will be true; but at 
the Cult level they are branches of the same company in the way of 
the McDonald’s example I gave earlier. I have tracked in the books 
over the years support by US governments of both parties for 
Chinese Communist Party infiltration of American society through 
allowing the sale of land, even military facilities, and the acquisition 
of American business and university influence. All this is 
underpinned by the infamous stealing of intellectual property and 
technological know-how. Cult-owned Silicon Valley corporations 
waive their fraudulent ‘morality’ to do business with human-rights- 
free China; Cult-controlled Disney has become China’s PR 
department; and China in effect owns ‘American’ sports such as 
basketball which depends for much of its income on Chinese 
audiences. As a result any sports player, coach or official speaking 
out against China’s horrific human rights record is immediately 
condemned or fired by the China-worshipping National Basketball 
Association. One of the first acts of China-controlled Biden was to 
issue an executive order telling federal agencies to stop making 
references to the ‘virus’ by the ‘geographic location of its origin’. 
Long-time Congressman Jerry Nadler warned that criticising China, 
America’s biggest rival, leads to hate crimes against Asian people in 
the United States. So shut up you bigot. China is fast closing in on 
Israel as a country that must not be criticised which is apt, really, 
given that Sabbatians control them both. The two countries have 


developed close economic, military, technological and strategic ties 
which include involvement in China’s ‘Silk Road’ transport and 
economic initiative to connect China with Europe. Israel was the first 
country in the Middle East to recognise the establishment of Mao’s 
tyranny in 1950 months after it was established. 


Project Wuhan — the ‘Covid' Psyop 

I emphasise again that the Cult plays the long game and what is 
happening to the world today is the result of centuries of calculated 
manipulation following a script to take control step-by-step of every 
aspect of human society. I will discuss later the common force 
behind all this that has spanned those centuries and thousands of 
years if the truth be told. Instigating the Mao revolution in China in 
1949 with a 2020 ‘pandemic’ in mind is not only how they work — the 
71 years between them is really quite short by the Cult’s standards of 
manipulation preparation. The reason for the Cult’s Chinese 
revolution was to create a fiercely-controlled environment within 
which an extreme structure for human control could be incubated to 
eventually be unleashed across the world. We have seen this happen 
since the ‘pandemic’ emerged from China with the Chinese control- 
structure founded on AI technology and tyrannical enforcement 
sweep across the West. Until the moment when the Cult went for 
broke in the West and put its fascism on public display Western 
governments had to pay some lip-service to freedom and democracy 
to not alert too many people to the tyranny-in-the-making. Freedoms 
were more subtly eroded and power centralised with covert 
government structures put in place waiting for the arrival of 2020 
when that smokescreen of ‘freedom’ could be dispensed with. The 
West was not able to move towards tyranny before 2020 anything 
like as fast as China which was created as a tyranny and had no 
limits on how fast it could construct the Cult’s blueprint for global 
control. When the time came to impose that structure on the world it 
was the same Cult-owned Chinese communist/fascist government 
that provided the excuse — the ‘Covid pandemic’. It was absolutely 
crucial to the Cult plan for the Chinese response to the ‘pandemic’ — 


draconian lockdowns of the entire population — to become the 
blueprint that Western countries would follow to destroy the 
livelihoods and freedom of their people. This is why the Cult- 
owned, Gates-owned, WHO Director-General Tedros said early on: 


The Chinese government is to be congratulated for the extraordinary measures it has taken to 
contain the outbreak. China is actually setting a new standard for outbreak response and it is 
not an exaggeration. 


Forbes magazine said of China: ’... those measures protected untold 
millions from getting the disease’. The Rockefeller Foundation 
‘epidemic scenario’ document in 2010 said “prophetically’: 


However, a few countries did fare better — China in particular. The Chinese government's 
quick imposition and enforcement of mandatory quarantine for all citizens, as well as its 
instant and near-hermetic sealing off of all borders, saved millions of lives, stopping the spread 
of the virus far earlier than in other countries and enabling a swifter post-pandemic recovery. 


Once again — spooky. 

The first official story was the “bat theory’ or rather the bat 
diversion. The source of the ‘virus outbreak’ we were told was a 
“wet market’ in Wuhan where bats and other animals are bought 
and eaten in horrifically unhygienic conditions. Then another story 
emerged through the alternative media that the ‘virus’ had been 
released on purpose or by accident from a BSL-4 (biosafety level 4) 
laboratory in Wuhan not far from the wet market. The lab was 
reported to create and work with lethal concoctions and 
bioweapons. Biosafety level 4 is the highest in the World Health 
Organization system of safety and containment. Renegade Minds are 
aware of what I call designer manipulation. The ideal for the Cult is 
for people to buy its prime narrative which in the opening salvoes of 
the ‘pandemic’ was the wet market story. It knows, however, that 
there is now a considerable worldwide alternative media of 
researchers sceptical of anything governments say and they are often 
given a version of events in a form they can perceive as credible 
while misdirecting them from the real truth. In this case let them 


think that the conspiracy involved is a ‘bioweapon virus’ released 
from the Wuhan lab to keep them from the real conspiracy — there is 
no ‘virus’. The WHO's current position on the source of the outbreak 
at the time of writing appears to be: ‘We haven't got a clue, mate.’ 
This is a good position to maintain mystery and bewilderment. The 
inner circle will know where the ‘virus’ came from — nowhere. The 
bottom line was to ensure the public believed there was a ‘virus’ and 
it didn’t much matter if they thought it was natural or had been 
released from a lab. The belief that there was a ‘deadly virus’ was all 
that was needed to trigger global panic and fear. The population was 
terrified into handing their power to authority and doing what they 
were told. They had to or they were ‘all gonna die’. 


In March, 2020, information began to come my way from real 
doctors and scientists and my own additional research which had 
my intuition screaming: ‘Yes, that’s it! There is no virus.’ The 
‘bioweapon’ was not the ‘virus’; it was the ‘vaccine’ already being 
talked about that would be the bioweapon. My conclusion was 
further enhanced by happenings in Wuhan. The ‘virus’ was said to 
be sweeping the city and news footage circulated of people 
collapsing in the street (which they’ve never done in the West with 
the same ‘virus’). The Chinese government was building ‘new 
hospitals’ in a matter of ten days to ‘cope with demand’ such was the 
virulent nature of the ‘virus’. Yet in what seemed like no time the 
‘new hospitals’ closed — even if they even opened — and China 
declared itself ‘virus-free’. It was back to business as usual. This was 
more propaganda to promote the Chinese draconian lockdowns in 
the West as the way to ‘beat the virus’. Trouble was that we 
subsequently had lockdown after lockdown, but never business as 
usual. As the people of the West and most of the rest of the world 
were caught in an ever-worsening spiral of lockdown, social 
distancing, masks, isolated old people, families forced apart, and 
livelihood destruction, it was party-time in Wuhan. Pictures 
emerged of thousands of people enjoying pool parties and concerts. 
It made no sense until you realised there never was a ‘virus’ and the 


whole thing was a Cult set-up to transform human society out of one 
its major global strongholds — China. 


How is it possible to deceive virtually the entire world population 
into believing there is a deadly virus when there is not even a ‘virus’ 
let alone a deadly one? It’s nothing like as difficult as you would 
think and that’s clearly true because it happened. 


Postscript: See end of book Postscript for more on the ‘Wuhan lab 
virus release’ story which the authorities and media were pushing 
heavily in the summer of 2021 to divert attention from the truth that 
the ‘Covid virus’ is pure invention. 


CHAPTER FIVE 
There is no ‘virus’ 


You can fool some of the people all of the time, and all of the people 
some of the time, but you cannot fool all of the people all of the time 
Abraham Lincoln 


he greatest form of mind control is repetition. The more you 

repeat the same mantra of alleged ‘facts’ the more will accept 
them to be true. It becomes an ‘everyone knows that, mate’. If you 
can also censor any other version or alternative to your alleged 
‘facts’ you are pretty much home and cooking. 


By the start of 2020 the Cult owned the global mainstream media 
almost in its entirety to spew out its ‘Covid’ propaganda and ignore 
or discredit any other information and view. Cult-owned social 
media platforms in Cult-owned Silicon Valley were poised and 
ready to unleash a campaign of ferocious censorship to obliterate all 
but the official narrative. To complete the circle many demands for 
censorship by Silicon Valley were led by the mainstream media as 
‘journalists’ became full-out enforcers for the Cult both as 
propagandists and censors. Part of this has been the influx of young 
people straight out of university who have become ‘journalists’ in 
significant positions. They have no experience and a headful of 
programmed perceptions from their years at school and university at 
a time when today’s young are the most perceptually-targeted 
generations in known human history given the insidious impact of 
technology. They enter the media perceptually prepared and ready 
to repeat the narratives of the system that programmed them to 


repeat its narratives. The BBC has a truly pathetic ‘specialist 
disinformation reporter’ called Marianna Spring who fits this bill 
perfectly. She is clueless about the world, how it works and what is 
really going on. Her role is to discredit anyone doing the job that a 
proper journalist would do and system-serving hacks like Spring 
wouldn't dare to do or even see the need to do. They are too busy 
licking the arse of authority which can never be wrong and, in the 
case of the BBC propaganda programme, Panorama, contacting 
payments systems such as PayPal to have a donations page taken 
down for a film company making documentaries questioning 
vaccines. Even the BBC soap opera EastEnders included a 
disgracefully biased scene in which an inarticulate white working 
class woman was made to look foolish for questioning the ‘vaccine’ 
while a well-spoken black man and Asian woman promoted the 
government narrative. It ticked every BBC box and the fact that the 
black and minority community was resisting the ‘vaccine’ had 
nothing to do with the way the scene was written. The BBC has 
become a disgusting tyrannical propaganda and censorship 
operation that should be defunded and disbanded and a free media 
take its place with a brief to stop censorship instead of demanding it. 
A BBC ‘interview’ with Gates goes something like: ‘Mr Gates, sir, if I 
can call you sir, would you like to tell our audience why you are 
such a great man, a wonderful humanitarian philanthropist, and 
why you should absolutely be allowed as a software salesman to 
decide health policy for approaching eight billion people? Thank 
you, sir, please sir.’ Propaganda programming has been incessant 
and merciless and when all you hear is the same story from the 
media, repeated by those around you who have only heard the same 
story, is it any wonder that people on a grand scale believe absolute 
mendacious garbage to be true? You are about to see, too, why this 
level of information control is necessary when the official “Covid’ 
narrative is so nonsensical and unsupportable by the evidence. 


The pyramid structure through which the ‘Covid’ hoax has been 
manifested is very simple and has to be to work. As few people as 
possible have to be involved with full knowledge of what they are 
doing — and why - or the real story would get out. At the top of the 
pyramid are the inner core of the Cult which controls Bill Gates who, 
in turn, controls the World Health Organization through his pivotal 
funding and his puppet Director-General mouthpiece, Tedros. 
Before he was appointed Tedros was chair of the Gates-founded 
Global Fund to ‘fight against AIDS, tuberculosis and malaria’, a 
board member of the Gates-funded ‘vaccine alliance’ GAVI, and on 
the board of another Gates-funded organisation. Gates owns him 
and picked him for a specific reason — Tedros is a crook and worse. 
‘Dr’ Tedros (he’s not a medical doctor, the first WHO chief not to be) 
was a member of the tyrannical Marxist government of Ethiopia for 
decades with all its human rights abuses. He has faced allegations of 
corruption and misappropriation of funds and was exposed three 
times for covering up cholera epidemics while Ethiopia’s health 
minister. Tedros appointed the mass-murdering genocidal 
Zimbabwe dictator Robert Mugabe as a WHO goodwill ambassador 
for public health which, as with Tedros, is like appointing a 
psychopath to run a peace and love campaign. The move was so 
ridiculous that he had to drop Mugabe in the face of widespread 
condemnation. American economist David Steinman, a Nobel peace 
prize nominee, lodged a complaint with the International Criminal 
Court in The Hague over alleged genocide by Tedros when he was 
Ethiopia’s foreign minister. Steinman says Tedros was a ‘crucial 
decision maker’ who directed the actions of Ethiopia’s security forces 
from 2013 to 2015 and one of three officials in charge when those 
security services embarked on the ‘killing’ and ‘torturing’ of 
Ethiopians. You can see where Tedros is coming from and it’s 
sobering to think that he has been the vehicle for Gates and the Cult 
to direct the global response to ‘Covid’. Think about that. A 
psychopathic Cult dictates to psychopath Gates who dictates to 
psychopath Tedros who dictates how countries of the world must 
respond to a ‘Covid virus’ never scientifically shown to exist. At the 
same time psychopathic Cult-owned Silicon Valley information 


giants like Google, YouTube, Facebook and Twitter announced very 
early on that they would give the Cult/Gates/Tedros/WHO version 
of the narrative free advertising and censor those who challenged 
their intelligence-insulting, mendacious story. 

The next layer in the global ‘medical’ structure below the Cult, 
Gates and Tedros are the chief medical officers and science ‘advisers’ 
in each of the WHO member countries which means virtually all of 
them. Medical officers and arbiters of science (they’re not) then take 
the WHO policy and recommended responses and impose them on 
their country’s population while the political ‘leaders’ say they are 
deciding policy (they’re clearly not) by ‘following the science’ on the 
advice of the ‘experts’ — the same medical officers and science 
‘advisers’ (dictators). In this way with the rarest of exceptions the 
entire world followed the same policy of lockdown, people 
distancing, masks and ‘vaccines’ dictated by the psychopathic Cult, 
psychopathic Gates and psychopathic Tedros who we are supposed 
to believe give a damn about the health of the world population they 
are seeking to enslave. That, amazingly, is all there is to it in terms of 
crucial decision-making. Medical staff in each country then follow 
like sheep the dictates of the shepherds at the top of the national 
medical hierarchies — chief medical officers and science ‘advisers’ 
who themselves follow like sheep the shepherds of the World Health 
Organization and the Cult. Shepherds at the national level often 
have major funding and other connections to Gates and his Bill and 
Melinda Gates Foundation which carefully hands out money like 
confetti at a wedding to control the entire global medical system 
from the WHO down. 


Follow the money 

Christopher Whitty, Chief Medical Adviser to the UK Government at 
the centre of ‘virus’ policy, a senior adviser to the government's 
Scientific Advisory Group for Emergencies (SAGE), and Executive 
Board member of the World Health Organization, was gifted a grant 
of $40 million by the Bill and Melinda Gates Foundation for malaria 
research in Africa. The BBC described the unelected Whitty as ‘the 


official who will probably have the greatest impact on our everyday 
lives of any individual policymaker in modern times’ and so it 
turned out. What Gates and Tedros have said Whitty has done like 
his equivalents around the world. Patrick Vallance, co-chair of SAGE 
and the government's Chief Scientific Adviser, is a former executive 
of Big Pharma giant GlaxoSmithKline with its fundamental financial 
and business connections to Bill Gates. In September, 2020, it was 
revealed that Vallance owned a deferred bonus of shares in 
GlaxoSmithKline worth £600,000 while the company was 
‘developing’ a ‘Covid vaccine’. Move along now — nothing to see 
here — what could possibly be wrong with that? Imperial College in 
London, a major player in ‘Covid’ policy in Britain and elsewhere 
with its ‘Covid-19’ Response Team, is funded by Gates and has big 
connections to China while the now infamous Professor Neil 
Ferguson, the useless ‘computer modeller’ at Imperial College is also 
funded by Gates. Ferguson delivered the dramatically inaccurate 
excuse for the first lockdowns (much more in the next chapter). The 
Institute for Health Metrics and Evaluation (IHME) in the United 
States, another source of outrageously false ‘Covid’ computer 
models to justify lockdowns, is bankrolled by Gates who is a 
vehement promotor of lockdowns. America’s version of Whitty and 
Vallance, the again now infamous Anthony Fauci, has connections to 
‘Covid vaccine’ maker Moderna as does Bill Gates through funding 
from the Bill and Melinda Gates Foundation. Fauci is director of the 
National Institute of Allergy and Infectious Diseases (NIAID), a 
major recipient of Gates money, and they are very close. Deborah 
Birx who was appointed White House Coronavirus Response 
Coordinator in February, 2020, is yet another with ties to Gates. 
Everywhere you look at the different elements around the world 
behind the coordination and decision making of the ‘Covid’ hoax 
there is Bill Gates and his money. They include the World Health 
Organization; Centers for Disease Control (CDC) in the United 
States; National Institutes of Health (NIH) of Anthony Fauci; 
Imperial College and Neil Ferguson; the London School of Hygiene 
where Chris Whitty worked; Regulatory agencies like the UK 
Medicines & Healthcare products Regulatory Agency (MHRA) 


which gave emergency approval for ‘Covid vaccines’; Wellcome 
Trust; GAVI, the Vaccine Alliance; the Coalition for Epidemic 
Preparedness Innovations (CEPI); Johns Hopkins University which 
has compiled the false ‘Covid’ figures; and the World Economic 
Forum. A Nationalfile.com article said: 


Gates has a lot of pull in the medical world, he has a multi-million dollar relationship with Dr. 
Fauci, and Fauci originally took the Gates line supporting vaccines and casting doubt on [the 
drug hydroxychloroquine]. Coronavirus response team member Dr. Deborah Birx, appointed 
by former president Obama to serve as United States Global AIDS Coordinator, also sits on the 
board of a group that has received billions from Gates’ foundation, and Birx reportedly used a 
disputed Bill Gates-funded model for the White House’s Coronavirus effort. Gates is a big 
proponent for a population lockdown scenario for the Coronavirus outbreak. 


Another funder of Moderna is the Defense Advanced Research 
Projects Agency (DARPA), the technology-development arm of the 
Pentagon and one of the most sinister organisations on earth. 
DARPA had a major role with the CIA covert technology-funding 
operation In-Q-Tel in the development of Google and social media 
which is now at the centre of global censorship. Fauci and Gates are 
extremely close and openly admit to talking regularly about ‘Covid’ 
policy, but then why wouldn't Gates have a seat at every national 
‘Covid’ table after his Foundation committed $1.75 billion to the 
‘fight against Covid-19’. When passed through our Orwellian 
Translation Unit this means that he has bought and paid for the Cult- 
driven ‘Covid’ response worldwide. Research the major ‘Covid’ 
response personnel in your own country and you will find the same 
Gates funding and other connections again and again. Medical and 
science chiefs following World Health Organization ‘policy’ sit atop 
a medical hierarchy in their country of administrators, doctors and 
nursing staff. These ‘subordinates’ are told they must work and 
behave in accordance with the policy delivered from the ‘top’ of the 
national ‘health’ pyramid which is largely the policy delivered by 
the WHO which is the policy delivered by Gates and the Cult. The 
whole ‘Covid’ narrative has been imposed on medical staff by a 
climate of fear although great numbers don’t even need that to 
comply. They do so through breathtaking levels of ignorance and 


include doctors who go through life simply repeating what Big 
Pharma and their hierarchical masters tell them to say and believe. 
No wonder Big Pharma ‘medicine’ is one of the biggest killers on 
Planet Earth. 

The same top-down system of intimidation operates with regard 
to the Cult Big Pharma cartel which also dictates policy through 
national and global medical systems in this way. The Cult and Big 
Pharma agendas are the same because the former controls and owns 
the latter. ‘Health’ administrators, doctors, and nursing staff are told 
to support and parrot the dictated policy or they will face 
consequences which can include being fired. How sad it’s been to see 
medical staff meekly repeating and imposing Cult policy without 
question and most of those who can see through the deceit are only 
willing to speak anonymously off the record. They know what will 
happen if their identity is known. This has left the courageous few to 
expose the lies about the ‘virus’, face masks, overwhelmed hospitals 
that aren’t, and the dangers of the ‘vaccine’ that isn’t a vaccine. When 
these medical professionals and scientists, some renowned in their 
field, have taken to the Internet to expose the truth their articles, 
comments and videos have been deleted by Cult-owned Facebook, 
Twitter and YouTube. What a real head-shaker to see YouTube 
videos with leading world scientists and highly qualified medical 
specialists with an added link underneath to the notorious Cult 
propaganda website Wikipedia to find the ‘facts’ about the same 
subject. 


HIV — the ‘Covid' trial-run 

I'll give you an example of the consequences for health and truth 
that come from censorship and unquestioning belief in official 
narratives. The story was told by PCR inventor Kary Mullis in his 
book Dancing Naked in the Mind Field. He said that in 1984 he 
accepted as just another scientific fact that Luc Montagnier of 
France’s Pasteur Institute and Robert Gallo of America’s National 
Institutes of Health had independently discovered that a ‘retrovirus’ 
dubbed HIV (human immunodeficiency virus) caused AIDS. They 


were, after all, Mullis writes, specialists in retroviruses. This is how 
the medical and science pyramids work. Something is announced or 
assumed and then becomes an everybody-knows-that purely through 
repetition of the assumption as if it is fact. Complete crap becomes 
accepted truth with no supporting evidence and only repetition of 
the crap. This is how a ‘virus’ that doesn’t exist became the ‘virus’ 
that changed the world. The HIV-AIDS fairy story became a mullti- 
billion pound industry and the media poured out propaganda 
terrifying the world about the deadly HIV ‘virus’ that caused the 
lethal AIDS. By then Mullis was working at a lab in Santa Monica, 
California, to detect retroviruses with his PCR test in blood 
donations received by the Red Cross. In doing so he asked a 
virologist where he could find a reference for HIV being the cause of 
AIDS. “You don’t need a reference,’ the virologist said ... “Everybody 
knows tt.” Mullis said he wanted to quote a reference in the report he 
was doing and he said he felt a little funny about not knowing the 
source of such an important discovery when everyone else seemed 
to. The virologist suggested he cite a report by the Centers for 
Disease Control and Prevention (CDC) on morbidity and mortality. 
Mullis read the report, but it only said that an organism had been 
identified and did not say how. The report did not identify the 
original scientific work. Physicians, however, assumed (key recurring 
theme) that if the CDC was convinced that HIV caused AIDS then 
proof must exist. Mullis continues: 


| did computer searches. Neither Montagnier, Gallo, nor anyone else had published papers 
describing experiments which led to the conclusion that HIV probably caused AIDS. | read 
the papers in Science for which they had become well known as AIDS doctors, but all they 
had said there was that they had found evidence of a past infection by something which was 
probably HIV in some AIDS patients. 


They found antibodies. Antibodies to viruses had always been considered evidence of past 
disease, not present disease. Antibodies signaled that the virus had been defeated. The patient 
had saved himself. There was no indication in these papers that this virus caused a disease. 
They didn’t show that everybody with the antibodies had the disease. In fact they found some 
healthy people with antibodies. 


Mullis asked why their work had been published if Montagnier 
and Gallo hadn't really found this evidence, and why had they been 
fighting so hard to get credit for the discovery? He says he was 
hesitant to write ‘HIV is the probable cause of AIDS’ until he found 
published evidence to support that. ‘Tens of thousands of scientists 
and researchers were spending billions of dollars a year doing 
research based on this idea,’ Mullis writes. “The reason had to be 
there somewhere; otherwise these people would not have allowed 
their research to settle into one narrow channel of investigation.’ He 
said he lectured about PCR at numerous meetings where people 
were always talking about HIV and he asked them how they knew 
that HIV was the cause of AIDS: 


Everyone said something. Everyone had the answer at home, in the office, in some drawer. 
They all knew, and they would send me the papers as soon as they got back. But | never got 
any papers. Nobody ever sent me the news about how AIDS was caused by HIV. 


Eventually Mullis was able to ask Montagnier himself about the 
reference proof when he lectured in San Diego at the grand opening 
of the University of California AIDS Research Center. Mullis says 
this was the last time he would ask his question without showing 
anger. Montagnier said he should reference the CDC report. ‘I read 
it’, Mullis said, and it didn’t answer the question. ‘If Montagnier 
didn’t know the answer who the hell did?’ Then one night Mullis 
was driving when an interview came on National Public Radio with 
Peter Duesberg, a prominent virologist at Berkeley and a California 
Scientist of the Year. Mullis says he finally understood why he could 
not find references that connected HIV to AIDS — there weren't any! 
No one had ever proved that HIV causes AIDS even though it had 
spawned a multi-billion pound global industry and the media was 
repeating this as fact every day in their articles and broadcasts 
terrifying the shit out of people about AIDS and giving the 
impression that a positive test for HIV (see ‘Covid’) was a death 
sentence. Duesberg was a threat to the AIDS gravy train and the 
agenda that underpinned it. He was therefore abused and castigated 
after he told the Proceedings of the National Academy of Sciences 


there was no good evidence implicating the new ‘virus’. Editors 
rejected his manuscripts and his research funds were deleted. Mullis 
points out that the CDC has defined AIDS as one of more than 30 
diseases if accompanied by a positive result on a test that detects 
antibodies to HIV; but those same diseases are not defined as AIDS 
cases when antibodies are not detected: 


If an HIV-positive woman develops uterine cancer, for example, she is considered to have 
AIDS. If she is not HIV positive, she simply has uterine cancer. An HIV-positive man with 
tuberculosis has AIDS; if he tests negative he simply has tuberculosis. If he lives in Kenya or 
Colombia, where the test for HIV antibodies is too expensive, he is simply presumed to have 
the antibodies and therefore AIDS, and therefore he can be treated in the World Health 
Organization’s clinic. It’s the only medical help available in some places. And it’s free, 
because the countries that support WHO are worried about AIDS. 


Mullis accuses the CDC of continually adding new diseases (see ever 
more ‘Covid symptoms’) to the grand AIDS definition and of 
virtually doctoring the books to make it appear as if the disease 
continued to spread. He cites how in 1993 the CDC enormously 
broadened its AIDS definition and county health authorities were 
delighted because they received $2,500 per year from the Federal 
government for every reported AIDS case. Ladies and gentlemen, I 
have just described, via Kary Mullis, the ‘Covid pandemic’ of 2020 
and beyond. Every element is the same and it’s been pulled off in the 
same way by the same networks. 


The ‘Covid virus’ exists? Okay — prove it. Er... still waiting 

What Kary Mullis described with regard to ‘HIV’ has been repeated 
with ‘Covid’. A claim is made that a new, or ‘novel’, infection has 
been found and the entire medical system of the world repeats that 
as fact exactly as they did with HIV and AIDS. No one in the 
mainstream asks rather relevant questions such as ‘How do you 
know?’ and ‘Where is your proof?’ The SARS-Cov-2 ‘virus’ and the 
‘Covid-19 disease’ became an overnight ‘everybody-knows-that’. 
The origin could be debated and mulled over, but what you could 
not suggest was that ‘SARS-Cov-2’ didn’t exist. That would be 


ridiculous. ‘Everybody knows’ the ‘virus’ exists. Well, I didn’t for 
one along with American proper doctors like Andrew Kaufman and 
Tom Cowan and long-time American proper journalist Jon 
Rappaport. We dared to pursue the obvious and simple question: 
‘Where’s the evidence?’ The overwhelming majority in medicine, 
journalism and the general public did not think to ask that. After all, 
everyone knew there was a new ‘virus’. Everyone was saying so and I 
heard it on the BBC. Some would eventually argue that the ‘deadly 
virus’ was nothing like as deadly as claimed, but few would venture 
into the realms of its very existence. Had they done so they would 
have found that the evidence for that claim had gone AWOL as with 
HIV causes AIDS. In fact, not even that. For something to go AWOL 
it has to exist in the first place and scientific proof for a ‘SARS-Cov-2’ 
can be filed under nothing, nowhere and zilch. 

Dr Andrew Kaufman is a board-certified forensic psychiatrist in 
New York State, a Doctor of Medicine and former Assistant 
Professor and Medical Director of Psychiatry at SUNY Upstate 
Medical University, and Medical Instructor of Hematology and 
Oncology at the Medical School of South Carolina. He also studied 
biology at the Massachusetts Institute of Technology (MIT) and 
trained in Psychiatry at Duke University. Kaufman is retired from 
allopathic medicine, but remains a consultant and educator on 
natural healing, I saw a video of his very early on in the ‘Covid’ hoax 
in which he questioned claims about the ‘virus’ in the absence of any 
supporting evidence and with plenty pointing the other way. I did 
everything I could to circulate his work which I felt was asking the 
pivotal questions that needed an answer. I can recommend an 
excellent pull-together interview he did with the website The Last 
Vagabond entitled Dr Andrew Kaufman: Virus Isolation, Terrain Theory 
and Covid-19 and his website is andrewkaufmanmd.com. Kaufman is 
not only a forensic psychiatrist; he is forensic in all that he does. He 
always reads original scientific papers, experiments and studies 
instead of second-third-fourth-hand reports about the ‘virus’ in the 
media which are repeating the repeated repetition of the narrative. 
When he did so with the original Chinese ‘virus’ papers Kaufman 


realised that there was no evidence of a ‘SARS-Cov-2’. They had 
never — from the start — shown it to exist and every repeat of this 
claim worldwide was based on the accepted existence of proof that 
was nowhere to be found — see Kary Mullis and HIV. Here we go 
again. 


Let's postulate 

Kaufman discovered that the Chinese authorities immediately 
concluded that the cause of an illness that broke out among about 
200 initial patients in Wuhan was a ‘new virus’ when there were no 
grounds to make that conclusion. The alleged ‘virus’ was not 
isolated from other genetic material in their samples and then shown 
through a system known as Koch’s postulates to be the causative 
agent of the illness. The world was told that the SARS-Cov-2 ‘virus’ 
caused a disease they called ‘Covid-19’ which had ‘flu-like’ 
symptoms and could lead to respiratory problems and pneumonia. 
If it wasn’t so tragic it would almost be funny. “Flu-like’ symptoms’? 
Pneumonia? Respiratory disease? What in CHINA and particularly in 
Wuhan, one of the most polluted cities in the world with a resulting 
epidemic of respiratory disease?? Three hundred thousand people 
get pneumonia in China every year and there are nearly a billion 
cases worldwide of ‘flu-like symptoms’. These have a whole range of 
causes — including pollution in Wuhan — but no other possibility was 
credibly considered in late 2019 when the world was told there was a 
new and deadly ‘virus’. The global prevalence of pneumonia and 
‘flu-like systems’ gave the Cult networks unlimited potential to re- 
diagnose these other causes as the mythical ‘Covid-19’ and that is 
what they did from the very start. Kaufman revealed how Chinese 
medical and science authorities (all subordinates to the Cult-owned 
communist government) took genetic material from the lungs of 
only a few of the first patients. The material contained their own 
cells, bacteria, fungi and other microorganisms living in their bodies. 
The only way you could prove the existence of the ‘virus’ and its 
responsibility for the alleged ‘Covid-19% was to isolate the virus from 
all the other material — a process also known as ‘purification’ — and 


then follow the postulates sequence developed in the late 19th 
century by German physician and bacteriologist Robert Koch which 
became the ‘gold standard’ for connecting an alleged causation 
agent to a disease: 


1. The microorganism (bacteria, fungus, virus, etc.) must be present in every case of the 
disease and all patients must have the same symptoms. It must also not be present in healthy 
individuals. 


2. The microorganism must be isolated from the host with the disease. If the microorganism 
is a bacteria or fungus it must be grown in a pure culture. If it is a virus, it must be purified 
(i.e. containing no other material except the virus particles) from a clinical sample. 


3. The specific disease, with all of its characteristics, must be reproduced when the 
infectious agent (the purified virus or a pure culture of bacteria or fungi) is inoculated into a 
healthy, susceptible host. 


4. The microorganism must be recoverable from the experimentally infected host as in step 
2; 


Not one of these criteria has been met in the case of ‘SARS-Cov-2’ and 
‘Covid-19’. Not ONE. EVER. Robert Koch refers to bacteria and not 
viruses. What are called ‘viral particles’ are so minute (hence masks 
are useless by any definition) that they could only be seen after the 
invention of the electron microscope in the 1930s and can still only 
be observed through that means. American bacteriologist and 
virologist Thomas Milton Rivers, the so-called ‘Father of Modern 
Virology’ who was very significantly director of the Rockefeller 
Institute for Medical Research in the 1930s, developed a less 
stringent version of Koch’s postulates to identify ‘virus’ causation 
known as ‘Rivers criteria’. ‘Covid’ did not pass that process either. 
Some even doubt whether any ‘virus’ can be isolated from other 
particles containing genetic material in the Koch method. Freedom 
of Information requests in many countries asking for scientific proof 
that the ‘Covid virus’ has been purified and isolated and shown to 
exist have all come back with a ‘we don’t have that’ and when this 
happened with a request to the UK Department of Health they 
added this comment: 


However, outside of the scope of the [Freedom of Information Act] and on a discretionary 
basis, the following information has been advised to us, which may be of interest. Most 
infectious diseases are caused by viruses, bacteria or fungi. Some bacteria or fungi have the 
capacity to grow on their own in isolation, for example in colonies on a petri dish. Viruses are 
different in that they are what we call ‘obligate pathogens’ — that is, they cannot survive or 
reproduce without infecting a host ... 


... For some diseases, it is possible to establish causation between a microorganism and a 
disease by isolating the pathogen from a patient, growing it in pure culture and reintroducing 
it to a healthy organism. These are known as ‘Koch’s postulates’ and were developed in 1882. 
However, as our understanding of disease and different disease-causing agents has advanced, 
these are no longer the method for determining causation [Andrew Kaufman asks why in that 
case are there two published articles falsely claiming to satisfy Koch’s postulates]. 


It has long been known that viral diseases cannot be identified in this way as viruses cannot 
be grown in ‘pure culture’. When a patient is tested for a viral illness, this is normally done by 
looking for the presence of antigens, or viral genetic code in a host with molecular biology 
techniques [Kaufman asks how you could know the origin of these chemicals without having 
a pure culture for comparison]. 


For the record ‘antigens’ are defined so: 


Invading microorganisms have antigens on their surface that the human body can recognise as 
being foreign — meaning not belonging to it. When the body recognises a foreign antigen, 
lymphocytes (white blood cells) produce antibodies, which are complementary in shape to 
the antigen. 


Notwithstanding that this is open to question in relation to ‘SARS- 
Cov-2’ the presence of ‘antibodies’ can have many causes and they 
are found in people that are perfectly well. Kary Mullis said: 
‘Antibodies ... had always been considered evidence of past disease, 
not present disease.’ 


‘Covid really is a computer ‘virus’ 


Where the UK Department of Health statement says ‘viruses’ are 
now ‘diagnosed’ through a ‘viral genetic code in a host with 
molecular biology techniques’, they mean ... the PCR test which its 
inventor said cannot test for infectious disease. They have no 
credible method of connecting a ‘virus’ to a disease and we will see 
that there is no scientific proof that any ‘virus’ causes any disease or 
there is any such thing as a ‘virus’ in the way that it is described. 
Tenacious Canadian researcher Christine Massey and her team made 


some 40 Freedom of Information requests to national public health 
agencies in different countries asking for proof that SARS-CoV-2 has 
been isolated and not one of them could supply that information. 
Massey said of her request in Canada: ‘Freedom of Information 
reveals Public Health Agency of Canada has no record of ‘SARS- 
COV-2’ isolation performed by anyone, anywhere, ever.’ If you 
accept the comment from the UK Department of Health it’s because 
they can’t isolate a ‘virus’. Even so many ‘science’ papers claimed to 
have isolated the ‘Covid virus’ until they were questioned and had 
to admit they hadn’t. A reply from the Robert Koch Institute in 
Germany was typical: ‘I am not aware of a paper which purified 
isolated SARS-CoV-2.’ So what the hell was Christian Drosten and 
his gang using to design the ‘Covid’ testing protocol that has 
produced all the illusory Covid’ cases and ‘Covid’ deaths when the 
head of the Chinese version of the CDC admitted there was a 
problem right from the start in that the ‘virus’ had never been 
isolated/purified? Breathe deeply: What they are calling ‘Covid’ is 
actually created by a computer program i.e. they made it up — er, that’s 
it. They took lung fluid, with many sources of genetic material, from 
one single person alleged to be infected with Covid-19 by a PCR test 
which they claimed, without clear evidence, contained a ‘virus’. They 
used several computer programs to create a model of a theoretical 
virus genome sequence from more than fifty-six million small 
sequences of RNA, each of an unknown source, assembling them 
like a puzzle with no known solution. The computer filled in the 
gaps with sequences from bits in the gene bank to make it look like a 
bat SARS-like coronavirus! A wave of the magic wand and poof, an 
in silico (computer-generated) genome, a scientific fantasy, was 
created. UK health researcher Dr Kevin Corbett made the same point 
with this analogy: 


... It’s like giving you a few bones and saying that’s your fish. It could be any fish. Not even a 
skeleton. Here’s a few fragments of bones. That’s your fish ... It’s all from gene bank and the 
bits of the virus sequence that weren’t there they made up. 


They synthetically created them to fill in the blanks. That’s what genetics is; it’s a code. So it’s 
ABBBCCDDD and you're missing some what you think is EEE so you put it in. It’s all 


synthetic. You just manufacture the bits that are missing. This is the end result of the 
geneticization of virology. This is basically a computer virus. 


Further confirmation came in an email exchange between British 
citizen journalist Frances Leader and the government’s Medicines & 
Healthcare Products Regulatory Agency (the Gates-funded MHRA) 
which gave emergency permission for untested ‘Covid vaccines’ to 
be used. The agency admitted that the ‘vaccine’ is not based on an 
isolated ‘virus’, but comes from a computer-generated model. Frances 
Leader was naturally banned from Cult-owned fascist Twitter for 
making this exchange public. The process of creating computer- 
generated alleged ‘viruses’ is called ‘in silico’ or ‘in silicon’ — 
computer chips — and the term ‘in silico’ is believed to originate with 
biological experiments using only a computer in 1989. ‘Vaccines’ 
involved with ‘Covid’ are also produced ‘in silico’ or by computer 
not a natural process. If the original ‘virus’ is nothing more than a 
made-up computer model how can there be ‘new variants’ of 
something that never existed in the first place? They are not new 
‘variants’; they are new computer models only minutely different to 
the original program and designed to further terrify the population 
into having the ‘vaccine’ and submitting to fascism. You want a “new 
variant’? Click, click, enter — there you go. Tell the medical 
profession that you have discovered a ‘South African variant’, ‘UK 
variants’ or a ‘Brazilian variant’ and in the usual HIV-causes-AIDS 
manner they will unquestioningly repeat it with no evidence 
whatsoever to support these claims. They will go on television and 
warn about the dangers of ‘new variants’ while doing nothing more 
than repeating what they have been told to be true and knowing that 
any deviation from that would be career suicide. Big-time insiders 
will know it’s a hoax, but much of the medical community is clueless 
about the way they are being played and themselves play the public 
without even being aware they are doing so. What an interesting 
‘coincidence’ that AstraZeneca and Oxford University were 
conducting ‘Covid vaccine trials’ in the three countries — the UK, 
South Africa and Brazil — where the first three ‘variants’ were 
claimed to have ‘broken out’. 


Here's your ‘virus — it's a unicorn 

Dr Andrew Kaufman presented a brilliant analysis describing how 
the ‘virus’ was imagined into fake existence when he dissected an 
article published by Nature and written by 19 authors detailing 
alleged ‘sequencing of a complete viral genome’ of the ‘new SARS- 
CoV-2 virus’. This computer-modelled in silico genome was used as a 
template for all subsequent genome sequencing experiments that 
resulted in the so-called variants which he said now number more 
than 6,000. The fake genome was constructed from more than 56 
million individual short strands of RNA. Those little pieces were 
assembled into longer pieces by finding areas of overlapping 
sequences. The computer programs created over two million 
possible combinations from which the authors simply chose the 
longest one. They then compared this to a ‘bat virus’ and the 
computer ‘alignment’ rearranged the sequence and filled in the gaps! 
They called this computer-generated abomination the ‘complete 
genome’. Dr Tom Cowan, a fellow medical author and collaborator 
with Kaufman, said such computer-generation constitutes scientific 
fraud and he makes this superb analogy: 


Here is an equivalency: A group of researchers claim to have found a unicorn because they 
found a piece of a hoof, a hair from a tail, and a snippet of a horn. They then add that 
information into a computer and program it to re-create the unicorn, and they then claim this 
computer re-creation is the real unicorn. Of course, they had never actually seen a unicorn so 
could not possibly have examined its genetic makeup to compare their samples with the 
actual unicorn’s hair, hooves and horn. 


The researchers claim they decided which is the real genome of SARS-CoV-2 by ‘consensus’, 
sort of like a vote. Again, different computer programs will come up with different versions of 
the imaginary ‘unicorn’, so they come together as a group and decide which is the real 
imaginary unicorn. 


This is how the ‘virus’ that has transformed the world was brought 
into fraudulent ‘existence’. Extraordinary, yes, but as the Nazis said 
the bigger the lie the more will believe it. Cowan, however, wasn’t 
finished and he went on to identify what he called the real 
blockbuster in the paper. He quotes this section from a paper written 


by virologists and published by the CDC and then explains what it 
means: 


Therefore, we examined the capacity of SARS-CoV-2 to infect and replicate in several 
common primate and human cell lines, including human adenocarcinoma cells (A549), 
human liver cells (HUH 7.0), and human embryonic kidney cells (HEK-293T). In addition to 
Vero E6 and Vero CCL81 cells. ... Each cell line was inoculated at high multiplicity of 
infection and examined 24h post-infection. 


No CPE was observed in any of the cell lines except in Vero cells, which grew to greater than 
10 to the 7th power at 24 h post-infection. In contrast, HUH 7.0 and 293T showed only 
modest viral replication, and A549 cells were incompatible with SARS CoV-2 infection. 


Cowan explains that when virologists attempt to prove infection 
they have three possible ‘hosts’ or models on which they can test. 
The first was humans. Exposure to humans was generally not done 
for ethical reasons and has never been done with SARS-CoV-2 or any 
coronavirus. The second possible host was animals. Cowan said that 
forgetting for a moment that they never actually use purified virus 
when exposing animals they do use solutions that they claim contain 
the virus. Exposure to animals has been done with SARS-CoV-2 in 
an experiment involving mice and this is what they found: None of 
the wild (normal) mice got sick. In a group of genetically-modified 
mice, a statistically insignificant number lost weight and had slightly 
bristled fur, but they experienced nothing like the illness called 
‘Covid-19’. Cowan said the third method — the one they mostly rely 
on — is to inoculate solutions they say contain the virus onto a variety 
of tissue cultures. This process had never been shown to kill tissue 
unless the sample material was starved of nutrients and poisoned as 
part of the process. Yes, incredibly, in tissue experiments designed to 
show the ‘virus’ is responsible for killing the tissue they starve the 
tissue of nutrients and add toxic drugs including antibiotics and they 
do not have control studies to see if it’s the starvation and poisoning 
that is degrading the tissue rather than the ‘virus’ they allege to be in 
there somewhere. You want me to pinch you? Yep, I understand. 
Tom Cowan said this about the whole nonsensical farce as he 
explains what that quote from the CDC paper really means: 


The shocking thing about the above quote is that using their own methods, the virologists 
found that solutions containing SARS-CoV-2 — even in high amounts — were NOT, | repeat 
NOT, infective to any of the three human tissue cultures they tested. In plain English, this 
means they proved, on their terms, that this ‘new coronavirus’ is not infectious to human 
beings. It is ONLY infective to monkey kidney cells, and only then when you add two potent 
drugs (gentamicin and amphotericin), known to be toxic to kidneys, to the mix. 


My friends, read this again and again. These virologists, published by the CDC, performed a 
clear proof, on their terms, showing that the SARS-CoV-2 virus is harmless to human beings. 
That is the only possible conclusion, but, unfortunately, this result is not even mentioned in 
their conclusion. They simply say they can provide virus stocks cultured only on monkey Vero 
cells, thanks for coming. 


Cowan concluded: ‘If people really understood how this “science” 
was done, I would hope they would storm the gates and demand 
honesty, transparency and truth.’ Dr Michael Yeadon, former Vice 
President and Chief Scientific Adviser at drug giant Pfizer has been a 
vocal critic of the ‘Covid vaccine’ and its potential for multiple harm. 
He said in an interview in April, 2021, that ‘not one [vaccine] has the 
virus. He was asked why vaccines normally using a ‘dead’ version of 
a disease to activate the immune system were not used for ‘Covid’ 
and instead we had the synthetic methods of the ‘mRNA Covid 
vaccine’. Yeadon said that to do the former ‘you’d have to have some 
of [the virus] wouldn’t you?’ He added: “No-one’s got any — 
seriously.’ Yeadon said that surely they couldn’t have fooled the 
whole world for a year without having a virus, ‘but oddly enough 
ask around — no one’s got it’. He didn’t know why with all the ‘great 
labs’ around the world that the virus had not been isolated — ‘Maybe 
they’ve been too busy running bad PCR tests and vaccines that 
people don’t need.’ What is today called ‘science’ is not ‘science’ at 
all. Science is no longer what is, but whatever people can be 
manipulated to believe that it is. Real science has been hijacked by the 
Cult to dispense and produce the ‘expert scientists’ and contentions 
that suit the agenda of the Cult. How big-time this has happened 
with the ‘Covid’ hoax which is entirely based on fake science 
delivered by fake ‘scientists’ and fake ‘doctors’. The human-caused 
climate change hoax is also entirely based on fake science delivered 
by fake ‘scientists’ and fake ‘climate experts’. In both cases real 


scientists, climate experts and doctors have their views suppressed 
and deleted by the Cult-owned science establishment, media and 
Silicon Valley. This is the ‘science’ that politicians claim to be 
‘following’ and a common denominator of ‘Covid’ and climate are 
Cult psychopaths Bill Gates and his mate Klaus Schwab at the Gates- 
funded World Economic Forum. But, don’t worry, it’s all just a 
coincidence and absolutely nothing to worry about. 2zzzzzzz. 


What is a ‘virus’ REALLY? 


Dr Tom Cowan is one of many contesting the very existence of 
viruses let alone that they cause disease. This is understandable 
when there is no scientific evidence for a disease-causing ‘virus’. 
German virologist Dr Stefan Lanka won a landmark case in 2017 in 
the German Supreme Court over his contention that there is no such 
thing as a measles virus. He had offered a big prize for anyone who 
could prove there is and Lanka won his case when someone sought 
to claim the money. There is currently a prize of more than 225,000 
euros on offer from an Isolate Truth Fund for anyone who can prove 
the isolation of SARS-CoV-2 and its genetic substance. Lanka wrote 
in an article headed ‘The Misconception Called Virus’ that scientists 
think a ‘virus’ is causing tissue to become diseased and degraded 
when in fact it is the processes they are using which do that — not a 
‘virus’. Lanka has done an important job in making this point clear 
as Cowan did in his analysis of the CDC paper. Lanka says that all 
claims about viruses as disease-causing pathogens are wrong and 
based on ‘easily recognisable, understandable and verifiable 
misinterpretations.’ Scientists believed they were working with 
‘viruses’ in their laboratories when they were really working with 
‘typical particles of specific dying tissues or cells ...” Lanka said that 
the tissue decaying process claimed to be caused by a ‘virus’ still 
happens when no alleged ‘virus’ is involved. It’s the process that does 
the damage and not a ‘virus’. The genetic sample is deprived of 
nutrients, removed from its energy supply through removal from 
the body and then doused in toxic antibiotics to remove any bacteria. 
He confirms again that establishment scientists do not (pinch me) 


conduct control experiments to see if this is the case and if they did 
they would see the claims that ‘viruses’ are doing the damage is 
nonsense. He adds that during the measles ‘virus’ court case he 
commissioned an independent laboratory to perform just such a 
control experiment and the result was that the tissues and cells died 
in the exact same way as with alleged ‘infected’ material. This is 
supported by a gathering number of scientists, doctors and 
researchers who reject what is called ‘germ theory’ or the belief in 
the body being infected by contagious sources emitted by other 
people. Researchers Dawn Lester and David Parker take the same 
stance in their highly-detailed and sourced book What Really Makes 
You Ill — Why everything you thought you knew about disease is wrong 
which was recommended to me by a number of medical 
professionals genuinely seeking the truth. Lester and Parker say 
there is no provable scientific evidence to show that a ‘virus’ can be 
transmitted between people or people and animals or animals and 
people: 


The definition also claims that viruses are the cause of many diseases, as if this has been 
definitively proven. But this is not the case; there is no original scientific evidence that 
definitively demonstrates that any virus is the cause of any disease. The burden of proof for 
any theory lies with those who proposed it; but none of the existing documents provides 
‘proof’ that supports the claim that ‘viruses’ are pathogens. 


Dr Tom Cowan employs one of his clever analogies to describe the 
process by which a ‘virus’ is named as the culprit for a disease when 
what is called a ‘virus’ is only material released by cells detoxing 
themselves from infiltration by chemical or radiation poisoning. The 
tidal wave of technologically-generated radiation in the ‘smart’ 
modern world plus all the toxic food and drink are causing this to 
happen more than ever. Deluded ‘scientists’ misread this as a 
gathering impact of what they wrongly label ‘viruses’. 


Paper can infect houses 


Cowan said in an article for davidicke.com — with his tongue only 
mildly in his cheek — that he believed he had made a tremendous 


discovery that may revolutionise science. He had discovered that 
small bits of paper are alive, ‘well alive-ish’, can ‘infect’ houses, and 
then reproduce themselves inside the house. The result was that this 
explosion of growth in the paper inside the house causes the house 
to explode, blowing it to smithereens. His evidence for this new 
theory is that in the past months he had carefully examined many of 
the houses in his neighbourhood and found almost no scraps of 
paper on the lawns and surrounds of the house. There was an 
occasional stray label, but nothing more. Then he would return to 
these same houses a week or so later and with a few, not all of them, 
particularly the old and decrepit ones, he found to his shock and 
surprise they were littered with stray bits of paper. He knew then 
that the paper had infected these houses, made copies of itself, and 
blew up the house. A young boy on a bicycle at one of the sites told 
him he had seen a demolition crew using dynamite to explode the 
house the previous week, but Cowan dismissed this as the idle 
thoughts of silly boys because ‘I was on to something big’. He was 
on to how ‘scientists’ mistake genetic material in the detoxifying 
process for something they call a ‘virus’. Cowan said of his house 
and paper story: 


If this sounds crazy to you, it’s because it should. This scenario is obviously nuts. But consider 
this admittedly embellished, for effect, current viral theory that all scientists, medical doctors 
and virologists currently believe. 


He takes the example of the ‘novel SARS-Cov2’ virus to prove the 
point. First they take someone with an undefined illness called 
‘Covid-19’ and don’t even attempt to find any virus in their sputum. 
Never mind the scientists still describe how this ‘virus’, which they 
have not located attaches to a cell receptor, injects its genetic 
material, in ‘Covid’s’ case, RNA, into the cell. The RNA once inserted 
exploits the cell to reproduce itself and makes ‘thousands, nay 
millions, of copies of itself ... Then it emerges victorious to claim its 
next victim’: 


If you were to look in the scientific literature for proof, actual scientific proof, that uniform 
SARS-CoV2 viruses have been properly isolated from the sputum of a sick person, that actual 
spike proteins could be seen protruding from the virus (which has not been found), you would 
find that such evidence doesn’t exist. 


If you go looking in the published scientific literature for actual pictures, proof, that these 
spike proteins or any viral proteins are ever attached to any receptor embedded in any cell 
membrane, you would also find that no such evidence exists. If you were to look for a video 
or documented evidence of the intact virus injecting its genetic material into the body of the 
cell, reproducing itself and then emerging victorious by budding off the cell membrane, you 
would find that no such evidence exists. 


The closest thing you would find is electron micrograph pictures of cellular particles, possibly 
attached to cell debris, both of which to be seen were stained by heavy metals, a process that 
completely distorts their architecture within the living organism. This is like finding bits of 
paper stuck to the blown-up bricks, thereby proving the paper emerged by taking pieces of the 
bricks on its way out. 


The Enders baloney 


Cowan describes the ‘Covid’ story as being just as make-believe as 
his paper story and he charts back this fantasy to a Nobel Prize 
winner called John Enders (1897-1985), an American biomedical 
scientist who has been dubbed ‘The Father of Modern Vaccines’. 
Enders is claimed to have ‘discovered’ the process of the viral 
culture which ‘proved’ that a ‘virus’ caused measles. Cowan 
explains how Enders did this ‘by using the EXACT same procedure 
that has been followed by every virologist to find and characterize 
every new virus since 1954’. Enders took throat swabs from children 
with measles and immersed them in 2ml of milk. Penicillin (100u/ml) 
and the antibiotic streptomycin (50,g/ml) were added and the whole 
mix was centrifuged — rotated at high speed to separate large cellular 
debris from small particles and molecules as with milk and cream, 
for example. Cowan says that if the aim is to find little particles of 
genetic material (‘viruses’) in the snot from children with measles it 
would seem that the last thing you would do is mix the snot with 
other material — milk -that also has genetic material. ‘How are you 
ever going to know whether whatever you found came from the snot 
or the milk?’ He points out that streptomycin is a ‘nephrotoxic’ or 
poisonous-to-the-kidney drug. You will see the relevance of that 


shortly. Cowan says that it gets worse, much worse, when Enders 
describes the culture medium upon which the virus ‘grows’: ‘The 
culture medium consisted of bovine amniotic fluid (90%), beef 
embryo extract (5%), horse serum (5%), antibiotics and phenol red as 
an indicator of cell metabolism.’ Cowan asks incredulously: ‘Did he 
just say that the culture medium also contained fluids and tissues 
that are themselves rich sources of genetic material?’ The genetic 
cocktail, or ‘medium’, is inoculated onto tissue and cells from rhesus 
monkey kidney tissue. This is where the importance of streptomycin 
comes in and currently-used antimicrobials and other drugs that are 
poisonous to kidneys and used in ALL modern viral cultures (e.g. 
gentamicin, streptomycin, and amphotericin). Cowan asks: ‘How are 
you ever going to know from this witch’s brew where any genetic 
material comes from as we now have five different sources of rich 
genetic material in our mix?’ Remember, he says, that all genetic 
material, whether from monkey kidney tissues, bovine serum, milk, 
etc., is made from the exact same components. The same central 
question returns: ‘How are you possibly going to know that it was 
the virus that killed the kidney tissue and not the toxic antibiotic and 
starvation rations on which you are growing the tissue?’ John Enders 
answered the question himself — you can't: 


A second agent was obtained from an uninoculated culture of monkey kidney cells. The 
cytopathic changes [death of the cells] it induced in the unstained preparations could not be 
distinguished with confidence from the viruses isolated from measles. 


The death of the cells (‘cytopathic changes’) happened in exactly 
the same manner, whether they inoculated the kidney tissue with the 
measles snot or not, Cowan says. ‘This is evidence that the 
destruction of the tissue, the very proof of viral causation of illness, 
was not caused by anything in the snot because they saw the same 
destructive effect when the snot was not even used ... the cytopathic, 
ie., cell-killing, changes come from the process of the culture itself, 
not from any virus in any snot, period.’ Enders quotes in his 1957 
paper a virologist called Ruckle as reporting similar findings ‘and in 
addition has isolated an agent from monkey kidney tissue that is so 


far indistinguishable from human measles virus’. In other words, 
Cowan says, these particles called ‘measles viruses’ are simply and 
clearly breakdown products of the starved and poisoned tissue. For 
measles ‘virus’ see all ‘viruses’ including the so-called ‘Covid virus’. 
Enders, the ‘Father of Modern Vaccines’, also said: 


There is a potential risk in employing cultures of primate cells for the production of vaccines 
composed of attenuated virus, since the presence of other agents possibly latent in primate 
tissues cannot be definitely excluded by any known method. 


Cowan further quotes from a paper published in the journal 
Viruses in May, 2020, while the ‘Covid pandemic’ was well 
underway in the media if not in reality. ‘EVs’ here refers to particles 
of genetic debris from our own tissues, such as exosomes of which 
more in a moment: ‘The remarkable resemblance between EVs and 
viruses has caused quite a few problems in the studies focused on 
the analysis of EVs released during viral infections.’ Later the paper 
adds that to date a reliable method that can actually guarantee a 
complete separation (of EVs from viruses) DOES NOT EXIST. This 
was published at a time when a fairy tale ‘virus’ was claimed in total 
certainty to be causing a fairy tale ‘viral disease’ called ‘Covid-19’ —a 
fairy tale that was already well on the way to transforming human 
society in the image that the Cult has worked to achieve for so long. 
Cowan concludes his article: 


To summarize, there is no scientific evidence that pathogenic viruses exist. What we think of 
as ‘viruses’ are simply the normal breakdown products of dead and dying tissues and cells. 
When we are well, we make fewer of these particles; when we are starved, poisoned, 
suffocated by wearing masks, or afraid, we make more. 


There is no engineered virus circulating and making people sick. People in laboratories all 
over the world are making genetically modified products to make people sick. These are 
called vaccines. There is no virome, no ‘ecosystem’ of viruses, viruses are not 8%, 50% or 
100 % of our genetic material. These are all simply erroneous ideas based on the 
misconception called a virus. 


Whatis ‘Covid’? Load of bollocks 


The background described here by Cowan and Lanka was 
emphasised in the first video presentation that Isaw by Dr Andrew 
Kaufman when he asked whether the ‘Covid virus’ was in truth a 
natural defence mechanism of the body called ‘exosomes’. These are 
released by cells when in states of toxicity — see the same themes 
returning over and over. They are released ever more profusely as 
chemical and radiation toxicity increases and think of the potential 
effect therefore of 5G alone as its destructive frequencies infest the 
human energetic information field with a gathering pace (5G went 
online in Wuhan in 2019 as the ‘virus’ emerged). I’ll have more about 
this later. Exosomes transmit a warning to the rest of the body that 
‘Houston, we have a problem’. Kaufman presented images of 
exosomes and compared them with ‘Covid’ under an electron 
microscope and the similarity was remarkable. They both attach to 
the same cell receptors (claimed in the case of ‘Covid’), contain the 
same genetic material in the form of RNA or ribonucleic acid, and 
both are found in ‘viral cell cultures’ with damaged or dying cells. 
James Hildreth MD, President and Chief Executive Officer of the 
Meharry Medical College at Johns Hopkins, said: “The virus is fully 
an exosome in every sense of the word.’ Kaufman’s conclusion was 
that there is no ‘virus’: ‘This entire pandemic is a completely 
manufactured crisis ... there is no evidence of anyone dying from 
[this] illness.’ Dr Tom Cowan and Sally Fallon Morell, authors of The 
Contagion Myth, published a statement with Dr Kaufman in 
February, 2021, explaining why the ‘virus’ does not exist and you can 
read it that in full in the Appendix. 


‘Virus’ theory can be traced to the ‘cell theory’ in 1858 of German 
physician Rudolf Virchow (1821-1920) who contended that disease 
originates from a single cell infiltrated by a ‘virus’. Dr Stefan Lanka 
said that findings and insights with respect to the structure, function 
and central importance of tissues in the creation of life, which were 
already known in 1858, comprehensively refute the cell theory. 
Virchow ignored them. We have seen the part later played by John 
Enders in the 1950s and Lanka notes that infection theories were 
only established as a global dogma through the policies and 


eugenics of the Third Reich in Nazi Germany (creation of the same 
Sabbatian cult behind the ‘Covid’ hoax). Lanka said: ‘Before 1933, 
scientists dared to contradict this theory; after 1933, these critical 
scientists were silenced’. Dr Tom Cowan’s view is that ill-heath is 
caused by too much of something, too little of something, or 
toxification from chemicals and radiation — not contagion. We must 
also highlight as a major source of the ‘virus’ theology a man still 
called the ‘Father of Modern Virology’ — Thomas Milton Rivers 
(1888-1962). There is no way given the Cult’s long game policy that it 
was a coincidence for the ‘Father of Modern Virology’ to be director 
of the Rockefeller Institute for Medical Research from 1937 to 1956 
when he is credited with making the Rockefeller Institute a leader in 
‘viral research’. Cult Rockefellers were the force behind the creation 
of Big Pharma ‘medicine’, established the World Health 
Organisation in 1948, and have long and close associations with the 
Gates family that now runs the WHO during the pandemic hoax 
through mega-rich Cult gofer and psychopath Bill Gates. 

Only a Renegade Mind can see through all this bullshit by asking 
the questions that need to be answered, not taking ‘no’ or 
prevarication for an answer, and certainly not hiding from the truth 
in fear of speaking it. Renegade Minds have always changed the 
world for the better and they will change this one no matter how 
bleak it may currently appear to be. 


CHAPTER SIX 
Sequence of deceit 


If you tell the truth, you don’t have to remember anything 
Mark Twain 


gainst the background that I have laid out this far the sequence 

that took us from an invented ‘virus’ in Cult-owned China in 
late 2019 to the fascist transformation of human society can be seen 
and understood in a whole new context. 


We were told that a deadly disease had broken out in Wuhan and 
the world media began its campaign (coordinated by behavioural 
psychologists as we shall see) to terrify the population into 
unquestioning compliance. We were shown images of Chinese 
people collapsing in the street which never happened in the West 
with what was supposed to be the same condition. In the earliest 
days when alleged cases and deaths were few the fear register was 
hysterical in many areas of the media and this would expand into 
the common media narrative across the world. The real story was 
rather different, but we were never told that. The Chinese 
government, one of the Cult’s biggest centres of global operation, 
said they had discovered a new illness with flu-like and pneumonia- 
type symptoms in a city with such toxic air that it is overwhelmed 
with flu-like symptoms, pneumonia and respiratory disease. Chinese 
scientists said it was a new — ‘novel’ — coronavirus which they called 
Sars-Cov-2 and that it caused a disease they labelled ‘Covid-19’. 
There was no evidence for this and the ‘virus’ has never to this day 
been isolated, purified and its genetic code established from that. It 


was from the beginning a computer-generated fiction. Stories of 
Chinese whistleblowers saying the number of deaths was being 
supressed or that the ‘new disease’ was related to the Wuhan bio-lab 
misdirected mainstream and alternative media into cul-de-sacs to 
obscure the real truth — there was no ‘virus’. 


Chinese scientists took genetic material from the lung fluid of just 
a few people and said they had found a ‘new’ disease when this 
material had a wide range of content. There was no evidence for a 
‘virus’ for the very reasons explained in the last two chapters. The 
‘virus’ has never been shown to (a) exist and (b) cause any disease. 
People were diagnosed on symptoms that are so widespread in 
Wuhan and polluted China and with a PCR test that can’t detect 
infectious disease. On this farce the whole global scam was sold to 
the rest of the world which would also diagnose respiratory disease 
as ‘Covid-19’ from symptoms alone or with a PCR test not testing for 
a ‘virus’. Flu miraculously disappeared worldwide in 2020 and into 
2021 as it was redesignated ‘Covid-19’. It was really the same old flu 
with its ‘flu-like’ symptoms attributed to ‘flu-like’ ‘Covid-19’. At the 
same time with very few exceptions the Chinese response of 
draconian lockdown and fascism was the chosen weapon to respond 
across the West as recommended by the Cult-owned Tedros at the 
Cult-owned World Health Organization run by the Cult-owned 
Gates. All was going according to plan. Chinese scientists — 
everything in China is controlled by the Cult-owned government — 
compared their contaminated RNA lung-fluid material with other 
RNA sequences and said it appeared to be just under 80 percent 
identical to the SARS-CoV-1 ‘virus’ claimed to be the cause of the 
SARS (severe acute respiratory syndrome) ‘outbreak’ in 2003. They 
decreed that because of this the ‘new virus’ had to be related and 
they called it SARS-CoV-2. There are some serious problems with 
this assumption and assumption was all it was. Most ‘factual’ science 
turns out to be assumptions repeated into everyone-knows-that. A 
match of under 80-percent is meaningless. Dr Kaufman makes the 
point that there’s a 96 percent genetic correlation between humans 
and chimpanzees, but ‘no one would say our genetic material is part 


of the chimpanzee family’. Yet the Chinese authorities were claiming 
that a much lower percentage, less than 80 percent, proved the 
existence of a new ‘coronavirus’. For goodness sake human DNA is 
60 percent similar to a banana. 


You are feeling sleepy 

The entire ‘Covid’ hoax is a global Psyop, a psychological operation 
to program the human mind into believing and fearing a complete 
fantasy. A crucial aspect of this was what appeared to happen in Italy. 
It was all very well streaming out daily images of an alleged 
catastrophe in Wuhan, but to the Western mind it was still on the 
other side of the world in a very different culture and setting. A 
reaction of ‘this could happen to me and my family’ was still nothing 
like as intense enough for the mind-doctors. The Cult needed a 
Western example to push people over that edge and it chose Italy, 
one of its major global locations going back to the Roman Empire. 
An Italian ‘Covid’ crisis was manufactured in a particular area called 
Lombardy which just happens to be notorious for its toxic air and 
therefore respiratory disease. Wuhan, China, déja vu. An hysterical 
media told horror stories of Italians dying from ‘Covid’ in their 
droves and how Lombardy hospitals were being overrun by a tidal 
wave of desperately ill people needing treatment after being struck 
down by the ‘deadly virus’. Here was the psychological turning 
point the Cult had planned. Wow, if this is happening in Italy, the 
Western mind concluded, this indeed could happen to me and my 
family. Another point is that Italian authorities responded by 
following the Chinese blueprint so vehemently recommended by the 
Cult-owned World Health Organization. They imposed fascistic 
lockdowns on the whole country viciously policed with the help of 
surveillance drones sweeping through the streets seeking out anyone 
who escaped from mass house arrest. Livelihoods were destroyed 
and psychology unravelled in the way we have witnessed since in all 
lockdown countries. Crucial to the plan was that Italy responded in 
this way to set the precedent of suspending freedom and imposing 
fascism in a “Western liberal democracy’. I emphasised in an 


animated video explanation on davidicke.com posted in the summer 
of 2020 how important it was to the Cult to expand the Chinese 
lockdown model across the West. Without this, and the bare-faced lie 
that non-symptomatic people could still transmit a ‘disease’ they 
didn’t have, there was no way locking down the whole population, 
sick and not sick, could be pulled off. At just the right time and with 
no evidence Cult operatives and gofers claimed that people without 
symptoms could pass on the ‘disease’. In the name of protecting the 
‘vulnerable’ like elderly people, who lockdowns would kill by the 
tens of thousands, we had for the first time healthy people told to 
isolate as well as the sick. The great majority of people who tested 
positive had no symptoms because there was nothing wrong with 
them. It was just a trick made possible by a test not testing for the 
‘virus’. 

Months after my animated video the Gates-funded Professor Neil 
Ferguson at the Gates-funded Imperial College confirmed that I was 
right. He didn’t say it in those terms, naturally, but he did say it. 
Ferguson will enter the story shortly for his outrageously crazy 
‘computer models’ that led to Britain, the United States and many 
other countries following the Chinese and now Italian methods of 
response. Put another way, following the Cult script. Ferguson said 
that SAGE, the UK government's scientific advisory group which has 
controlled ‘Covid’ policy from the start, wanted to follow the 
Chinese lockdown model (while they all continued to work and be 
paid), but they wondered if they could possibly, in Ferguson’s 
words, ‘get away with it in Europe’. ‘Get away with it’? Who the hell 
do these moronic, arrogant people think they are? This appalling 
man Ferguson said that once Italy went into national lockdown they 
realised they, too, could mimic China: 


It’s a communist one-party state, we said. We couldn’t get away with it in Europe, we thought 
... and then Italy did it. And we realised we could. Behind this garbage from Ferguson is a 
simple fact: Doing the same as China in every country was the plan from the start and 
Ferguson’s ‘models’ would play a central role in achieving that. It’s just a coincidence, of 
course, and absolutely nothing to worry your little head about. 


Oops, sorry, our mistake 

Once the Italian segment of the Psyop had done the job it was 
designed to do a very different story emerged. Italian authorities 
revealed that 99 percent of those who had ‘died from Covid-19’ in 
Italy had one, two, three, or more ‘co-morbidities’ or illnesses and 
health problems that could have ended their life. The US Centers for 
Disease Control and Prevention (CDC) published a figure of 94 
percent for Americans dying of ‘Covid’ while having other serious 
medical conditions — on average two to three (some five or six) other 
potential causes of death. In terms of death from an unproven ‘virus’ 
I say it is 100 percent. The other one percent in Italy and six percent 
in the US would presumably have died from ‘Covid’s’ flu-like 
symptoms with a range of other possible causes in conjunction with 
a test not testing for the ‘virus’. Fox News reported that even more 
startling figures had emerged in one US county in which 410 of 422 
deaths attributed to ‘Covid-19 had other potentially deadly health 
conditions. The Italian National Health Institute said later that the 
average age of people dying with a ‘Covid-19% diagnosis in Italy was 
about 81. Ninety percent were over 70 with ten percent over 90. In 
terms of other reasons to die some 80 percent had two or more 
chronic diseases with half having three or more including 
cardiovascular problems, diabetes, respiratory problems and cancer. 
Why is the phantom ‘Covid-19’ said to kill overwhelmingly old 
people and hardly affect the young? Old people continually die of 
many causes and especially respiratory disease which you can re- 
diagnose ‘Covid-19’ while young people die in tiny numbers by 
comparison and rarely of respiratory disease. Old people ‘die of 
Covid’ because they die of other things that can be redesignated 
‘Covid’ and it really is that simple. 


Flu has flown 

The blueprint was in place. Get your illusory ‘cases’ from a test not 
testing for the ‘virus’ and redesignate other causes of death as 
‘Covid-19’. You have an instant ‘pandemic’ from something that is 
nothing more than a computer-generated fiction. With near-on a 


billion people having ‘flu-like’ symptoms every year the potential 
was limitless and we can see why flu quickly and apparently 
miraculously disappeared worldwide by being diagnosed ‘Covid-19’. 
The painfully bloody obvious was explained away by the childlike 
media in headlines like this in the UK ‘Independent’: ‘Not a single 
case of flu detected by Public Health England this year as Covid 
restrictions suppress virus’. I kid you not. The masking, social 
distancing and house arrest that did not make the ‘Covid virus’ 
disappear somehow did so with the “flu virus’. Even worse the 
article, by a bloke called Samuel Lovett, suggested that maybe the 
masking, sanitising and other ‘Covid’ measures should continue to 
keep the flu away. With a ridiculousness that disturbs your breathing 
(it’s ‘Covid-19’) the said Lovett wrote: ‘With widespread social 
distancing and mask-wearing measures in place throughout the UK, 
the usual routes of transmission for influenza have been blocked.’ 
He had absolutely no evidence to support that statement, but look at 
the consequences of him acknowledging the obvious. With flu not 
disappearing at all and only being relabelled “‘Covid-19 he would 
have to contemplate that “Covid’ was a hoax on a scale that is hard to 
imagine. You need guts and commitment to truth to even go there 
and that’s clearly something Samuel Lovett does not have in 
abundance. He would never have got it through the editors anyway. 


Tens of thousands die in the United States alone every winter from 
flu including many with pneumonia complications. CDC figures 
record 45 million Americans diagnosed with flu in 2017-2018 of 
which 61,000 died and some reports claim 80,000. Where was the 
same hysteria then that we have seen with ‘Covid-19’? Some 250,000 
Americans are admitted to hospital with pneumonia every year with 
about 50,000 cases proving fatal. About 65 million suffer respiratory 
disease every year and three million deaths makes this the third 
biggest cause of death worldwide. You only have to redesignate a 
portion of all these people ‘Covid-19’ and you have an instant global 
pandemic or the appearance of one. Why would doctors do this? They 
are told to do this and all but a few dare not refuse those who must 
be obeyed. Doctors in general are not researching their own 


knowledge and instead take it direct and unquestioned from the 
authorities that own them and their careers. The authorities say they 
must now diagnose these symptoms ‘Covid-19’ and not flu, or 
whatever, and they do it. Dark suits say put ‘Covid-19’ on death 
certificates no matter what the cause of death and the doctors do it. 
Renegade Minds don’t fall for the illusion that doctors and medical 
staff are all highly-intelligent, highly-principled, seekers of medical 
truth. Some are, but not the majority. They are repeaters, gofers, and 
yes sir, no sir, purveyors of what the system demands they purvey. 
The ‘Covid’ con is not merely confined to diseases of the lungs. 
Instructions to doctors to put ‘Covid-19’ on death certificates for 
anyone dying of anything within 28 days (or much more) of a 
positive test not testing for the ‘virus’ opened the floodgates. The 
term dying with ‘Covid’ and not of ‘Covid’ was coined to cover the 
truth. Whether it was a with or an of they were all added to the death 
numbers attributed to the ‘deadly virus’ compiled by national 
governments and globally by the Gates-funded Johns Hopkins 
operation in the United States that was so involved in those 
‘pandemic’ simulations. Fraudulent deaths were added to the ever- 
growing list of fraudulent ‘cases’ from false positives from a false 
test. No wonder Professor Walter Ricciardi, scientific advisor to the 
Italian minister of health, said after the Lombardy hysteria had done 
its job that ‘Covid’ death rates were due to Italy having the second 
oldest population in the world and to how hospitals record deaths: 


The way in which we code deaths in our country is very generous in the sense that all the 
people who die in hospitals with the coronavirus are deemed to be dying of the coronavirus. 
On re-evaluation by the National Institute of Health, only 12 per cent of death certificates 
have shown a direct causality from coronavirus, while 88 per cent of patients who have died 
have at least one pre-morbidity — many had two or three. 


This is extraordinary enough when you consider the propaganda 
campaign to use Italy to terrify the world, but how can they even say 
twelve percent were genuine when the ‘virus’ has not been shown to 
exist, its ‘code’ is a computer program, and diagnosis comes from a 
test not testing for it? As in China, and soon the world, ‘Covid-19’ in 


Italy was a redesignation of diagnosis. Lies and corruption were to 
become the real ‘pandemic’ fuelled by a pathetically-compliant 
medical system taking its orders from the tiny few at the top of their 
national hierarchy who answered to the World Health Organization 
which answers to Gates and the Cult. Doctors were told — ordered — 
to diagnose a particular set of symptoms ‘Covid-19 and put that on 
the death certificate for any cause of death if the patient had tested 
positive with a test not testing for the virus or had ‘Covid’ symptoms 
like the flu. The United States even introduced big financial 
incentives to manipulate the figures with hospitals receiving £4,600 
from the Medicare system for diagnosing someone with regular 
pneumonia, $13,000 if they made the diagnosis from the same 
symptoms ‘Covid-1% pneumonia, and $39, 000 if they put a ‘Covid’ 
diagnosed patient on a ventilator that would almost certainly kill 
them. A few — painfully and pathetically few — medical 
whistleblowers revealed (before Cult-owned YouTube deleted their 
videos) that they had been instructed to ‘let the patient crash’ and 
put them straight on a ventilator instead of going through a series of 
far less intrusive and dangerous methods as they would have done 
before the pandemic hoax began and the financial incentives kicked 
in. We are talking cold-blooded murder given that ventilators are so 
damaging to respiratory systems they are usually the last step before 
heaven awaits. Renegade Minds never fall for the belief that people 
in white coats are all angels of mercy and cannot be full-on 
psychopaths. I have explained in detail in The Answer how what I am 
describing here played out across the world coordinated by the 
World Health Organization through the medical hierarchies in 
almost every country. 


Medical scientist calls it 

Information about the non-existence of the ‘virus’ began to emerge 
for me in late March, 2020, and mushroomed after that. I was sent an 
email by Sir Julian Rose, a writer, researcher, and organic farming 
promotor, from a medical scientist friend of his in the United States. 
Even at that early stage in March the scientist was able to explain 


how the ‘Covid’ hoax was being manipulated. He said there were no 
reliable tests for a specific ‘Covid-19 virus’ and nor were there any 
reliable agencies or media outlets for reporting numbers of actual 
‘Covid-19’ cases. We have seen in the long period since then that he 
was absolutely right. ‘Every action and reaction to Covid-19 is based 
on totally flawed data and we simply cannot make accurate 
assessments,’ he said. Most people diagnosed with ‘Covid-19 were 
showing nothing more than cold and flu-like symptoms ‘because 
most coronavirus strains are nothing more than cold/flu-like 
symptoms’. We had farcical situations like an 84-year-old German 
man testing positive for ‘Covid-19’ and his nursing home ordered to 
quarantine only for him to be found to have a common cold. The 
scientist described back then why PCR tests and what he called the 
‘Mickey Mouse test kits’ were useless for what they were claimed to 
be identifying. “The idea these kits can isolate a specific virus like 
Covid-19 is nonsense,’ he said. Significantly, he pointed out that ‘if 
you want to create a totally false panic about a totally false pandemic 
— pick a coronavirus’. This is exactly what the Cult-owned Gates, 
World Economic Forum and Johns Hopkins University did with 
their Event 201 ‘simulation’ followed by their real-life simulation 
called the ‘pandemic’. The scientist said that all you had to do was 
select the sickest of people with respiratory-type diseases in a single 
location — ‘say Wuhan’ — and administer PCR tests to them. You can 
then claim that anyone showing ‘viral sequences’ similar to a 
coronavirus ‘which will inevitably be quite a few’ is suffering from a 
‘new’ disease: 


Since you already selected the sickest flu cases a fairly high proportion of your sample will go 
on to die. You can then say this ‘new’ virus has a CFR [case fatality rate] higher than the flu 
and use this to infuse more concern and do more tests which will of course produce more 
‘cases’, which expands the testing, which produces yet more ‘cases’ and so on and so on. 
Before long you have your ‘pandemic’, and all you have done is use a simple test kit trick to 
convert the worst flu and pneumonia cases into something new that doesn’t ACTUALLY EXIST 
[my emphasis]. 


He said that you then ‘just run the same scam in other countries’ 
and make sure to keep the fear message running high ‘so that people 


will feel panicky and less able to think critically’. The only problem 
to overcome was the fact there is no actual new deadly pathogen and 
only regular sick people. This meant that deaths from the ‘new 
deadly pathogen’ were going to be way too low for a real new 
deadly virus pandemic, but he said this could be overcome in the 
following ways — all of which would go on to happen: 


1. You can claim this is just the beginning and more deaths are imminent [you underpin this 
with fantasy ‘computer projections’]. Use this as an excuse to quarantine everyone and then 
claim the quarantine prevented the expected millions of dead. 


2. You can [say that people] ‘minimizing’ the dangers are irresponsible and bully them into 
not talking about numbers. 


3. You can talk crap about made up numbers hoping to blind people with pseudoscience. 


4. You can start testing well people (who, of course, will also likely have shreds of 
coronavirus [RNA] in them) and thus inflate your ‘case figures’ with ‘asymptomatic 
carriers’ (you will of course have to spin that to sound deadly even though any virologist 
knows the more symptom-less cases you have the less deadly is your pathogen). 


The scientist said that if you take these simple steps “you can have 
your own entirely manufactured pandemic up and running in 
weeks’. His analysis made so early in the hoax was brilliantly 
prophetic of what would actually unfold. Pulling all the information 
together in these recent chapters we have this is simple 1, 2, 3, of 
how you can delude virtually the entire human population into 
believing in a ‘virus’ that doesn’t exist: 


e A ‘Covid case’ is someone who tests positive with a test not 
testing for the ‘virus’. 


¢ A ‘Covid death’ is someone who dies of any cause within 28 days 
(or much longer) of testing positive with a test not testing for the 
‘virus. 


e Asymptomatic means there is nothing wrong with you, but they 
claim you can pass on what you don’t have to justify locking 


down (quarantining) healthy people in totality. 


The foundations of the hoax are that simple. A study involving ten 
million people in Wuhan, published in November, 2020, demolished 
the whole lie about those without symptoms passing on the ‘virus’. 
They found ‘300 asymptomatic cases’ and traced their contacts to 
find that not one of them was detected with the ‘virus’. 
‘Asymptomatic’ patients and their contacts were isolated for no less 
than two weeks and nothing changed. I know it’s all crap, but if you 
are going to claim that those without symptoms can transmit ‘the 
virus’ then you must produce evidence for that and they never have. 
Even World Health Organization official Dr Maria Van Kerkhove, 
head of the emerging diseases and zoonosis unit, said as early as 
June, 2020, that she doubted the validity of asymptomatic 
transmission. She said that ‘from the data we have, it still seems to 
be rare that an asymptomatic person actually transmits onward to a 
secondary individual’ and by ‘rare’ she meant that she couldn’t cite 
any case of asymptomatic transmission. 


The Ferguson factor 

The problem for the Cult as it headed into March, 2020, when the 
script had lockdown due to start, was that despite all the 
manipulation of the case and death figures they still did not have 
enough people alleged to have died from ‘Covid’ to justify mass 
house arrest. This was overcome in the way the scientist described: 
‘You can claim this is just the beginning and more deaths are 
imminent ... Use this as an excuse to quarantine everyone and then 
claim the quarantine prevented the expected millions of dead.’ Enter 
one Professor Neil Ferguson, the Gates-funded ‘epidemiologist’ at 
the Gates-funded Imperial College in London. Ferguson is Britain’s 
Christian Drosten in that he has a dire record of predicting health 
outcomes, but is still called upon to advise government on the next 
health outcome when another ‘crisis’ comes along. This may seem to 
be a strange and ridiculous thing to do. Why would you keep 
turning for policy guidance to people who have a history of being 


monumentally wrong? Ah, but it makes sense from the Cult point of 
view. These ‘experts’ keep on producing predictions that suit the 
Cult agenda for societal transformation and so it was with Neil 
Ferguson as he revealed his horrific (and clearly insane) computer 
model predictions that allowed lockdowns to be imposed in Britain, 
the United States and many other countries. Ferguson does not have 
even an A-level in biology and would appear to have no formal 
training in computer modelling, medicine or epidemiology, 
according to Derek Winton, an MSc in Computational Intelligence. 
He wrote an article somewhat aghast at what Ferguson did which 
included taking no account of respiratory disease ‘seasonality’ which 
means it is far worse in the winter months. Who would have thought 
that respiratory disease could be worse in the winter? Well, certainly 
not Ferguson. 


The massively China-connected Imperial College and its bizarre 
professor provided the excuse for the long-incubated Chinese model 
of human control to travel westward at lightning speed. Imperial 
College confirms on its website that it collaborates with the Chinese 
Research Institute; publishes more than 600 research papers every 
year with Chinese research institutions; has 225 Chinese staff; 2,600 
Chinese students — the biggest international group; 7,000 former 
students living in China which is the largest group outside the UK; 
and was selected for a tour by China’s President Xi Jinping during 
his state visit to the UK in 2015. The college takes major donations 
from China and describes itself as the UK’s number one university 
collaborator with Chinese research institutions. The China 
communist/fascist government did not appear phased by the woeful 
predictions of Ferguson and Imperial when during the lockdown 
that Ferguson induced the college signed a five-year collaboration 
deal with China tech giant Huawei that will have Huawei’s indoor 
5G network equipment installed at the college’s West London tech 
campus along with an ‘AI cloud platform’. The deal includes Chinese 
sponsorship of Imperial’s Venture Catalyst entrepreneurship 
competition. Imperial is an example of the enormous influence the 
Chinese government has within British and North American 


universities and research centres — and further afield. Up to 200 
academics from more than a dozen UK universities are being 
investigated on suspicion of ‘unintentionally’ helping the Chinese 
government build weapons of mass destruction by ‘transferring 
world-leading research in advanced military technology such as 
aircraft, missile designs and cyberweapons’. Similar scandals have 
broken in the United States, but it’s all a coincidence. Imperial 
College serves the agenda in many other ways including the 
promotion of every aspect of the United Nations Agenda 21/2030 
(the Great Reset) and produced computer models to show that 
human-caused ‘climate change’ is happening when in the real world 
it isn’t. Imperial College is driving the climate agenda as it drives the 
‘Covid’ agenda (both Cult hoaxes) while Patrick Vallance, the UK 
government’s Chief Scientific Adviser on ‘Covid’, was named Chief 
Scientific Adviser to the UN ‘climate change’ conference known as 
COP26 hosted by the government in Glasgow, Scotland. ‘Covid’ and 
‘climate’ are fundamentally connected. 


Professor Woetul 

From Imperial’s bosom came Neil Ferguson still advising 
government despite his previous disasters and it was announced 
early on that he and other key people like UK Chief Medical Adviser 
Chris Whitty had caught the ‘virus’ as the propaganda story was 
being sold. Somehow they managed to survive and we had Prime 
Minister Boris Johnson admitted to hospital with what was said to be 
a severe version of the ‘virus’ in this same period. His whole policy 
and demeanour changed when he returned to Downing Street. It’s a 
small world with these government advisors — especially in their 
communal connections to Gates — and Ferguson had partnered with 
Whitty to write a paper called ‘Infectious disease: Tough choices to 
reduce Ebola transmission’ which involved another scare-story that 
didn’t happen. Ferguson’s ‘models’ predicted that up to150, 000 
could die from ‘mad cow disease’, or BSE, and its version in sheep if 
it was transmitted to humans. BSE was not transmitted and instead 
triggered by an organophosphate pesticide used to treat a pest on 


cows. Fewer than 200 deaths followed from the human form. Models 
by Ferguson and his fellow incompetents led to the unnecessary 
culling of millions of pigs, cattle and sheep in the foot and mouth 
outbreak in 2001 which destroyed the lives and livelihoods of 
farmers and their families who had often spent decades building 
their herds and flocks. Vast numbers of these animals did not have 
foot and mouth and had no contact with the infection. Another 
‘expert’ behind the cull was Professor Roy Anderson, a computer 
modeller at Imperial College specialising in the epidemiology of 
human, not animal, disease. Anderson has served on the Bill and 
Melinda Gates Grand Challenges in Global Health advisory board 
and chairs another Gates-funded organisation. Gates is everywhere. 


In a precursor to the ‘Covid’ script Ferguson backed closing 
schools ‘for prolonged periods’ over the swine flu ‘pandemic’ in 2009 
and said it would affect a third of the world population if it 
continued to spread at the speed he claimed to be happening. His 
mates at Imperial College said much the same and a news report 
said: ‘One of the authors, the epidemiologist and disease modeller 
Neil Ferguson, who sits on the World Health Organisation’s 
emergency committee for the outbreak, said the virus had “full 
pandemic potential”.’ Professor Liam Donaldson, the Chris Whitty 
of his day as Chief Medical Officer, said the worst case could see 30 
percent of the British people infected by swine flu with 65,000 dying. 
Ferguson and Donaldson were indeed proved correct when at the 
end of the year the number of deaths attributed to swine flu was 392. 
The term ‘expert’ is rather liberally applied unfortunately, not least 
to complete idiots. Swine flu ‘projections’ were great for 
GlaxoSmithKline (GSK) as millions rolled in for its Pandemrix 
influenza vaccine which led to brain damage with children most 
affected. The British government (taxpayers) paid out more than £60 
million in compensation after GSK was given immunity from 
prosecution. Yet another ‘Covid’ déja vu. Swine flu was supposed to 
have broken out in Mexico, but Dr Wolfgang Wodarg, a German 
doctor, former member of parliament and critic of the ‘Covid’ hoax, 
observed ‘the spread of swine flu’ in Mexico City at the time. He 


said: ‘What we experienced in Mexico City was a very mild flu 
which did not kill more than usual — which killed even fewer people 
than usual.’ Hyping the fear against all the facts is not unique to 
‘Covid’ and has happened many times before. Ferguson is reported 
to have over-estimated the projected death toll of bird flu (H5N1) by 
some three million-fold, but bird flu vaccine makers again made a 
killing from the scare. This is some of the background to the Neil 
Ferguson who produced the perfectly-timed computer models in 
early 2020 predicting that half a million people would die in Britain 
without draconian lockdown and 2.2 million in the United States. 
Politicians panicked, people panicked, and lockdowns of alleged 
short duration were instigated to ‘flatten the curve’ of cases gleaned 
from a test not testing for the ‘virus’. I said at the time that the public 
could forget the ‘short duration’ bit. This was an agenda to destroy 
the livelihoods of the population and force them into mass control 
through dependency and there was going to be nothing ‘short’ about 
it. American researcher Daniel Horowitz described the consequences 
of the ‘models’ spewed out by Gates-funded Ferguson and Imperial 
College: 


What led our government and the governments of many other countries into panic was a 
single Imperial College of UK study, funded by global warming activists, that predicted 2.2 
million deaths if we didn’t lock down the country. In addition, the reported 8-9% death rate in 
Italy scared us into thinking there was some other mutation of this virus that they got, which 
might have come here. 


Together with the fact that we were finally testing and had the ability to actually report new 
cases, we thought we were headed for a death spiral. But again ... we can’t flatten a curve if 
we don’t know when the curve started. 


How about it never started? 


Giving them what they want 

An investigation by German news outlet Welt Am Sonntag (World on 
Sunday) revealed how in March, 2020, the German government 
gathered together ‘leading scientists from several research institutes 
and universities’ and ‘together, they were to produce a [modelling] 


paper that would serve as legitimization for further tough political 
measures’. The Cult agenda was justified by computer modelling not 
based on evidence or reality; it was specifically constructed to justify 
the Cult demand for lockdowns all over the world to destroy the 
independent livelihoods of the global population. All these 
modellers and everyone responsible for the ‘Covid’ hoax have a date 
with a trial like those in Nuremberg after World War Two when 
Nazis faced the consequences of their war crimes. These corrupt- 
beyond-belief ‘modellers’ wrote the paper according to government 
instructions and it said that that if lockdown measures were lifted 
then up to one million Germans would die from ‘Covid-19’ adding 
that some would die ‘agonizingly at home, gasping for breath’ 
unable to be treated by hospitals that couldn’t cope. All lies. No 
matter — it gave the Cult all that it wanted. What did long-time 
government ‘modeller’ Neil Ferguson say? If the UK and the United 
States didn’t lockdown half a million would die in Britain and 2.2 
million Americans. Anyone see a theme here? ‘Modellers’ are such a 
crucial part of the lockdown strategy that we should look into their 
background and follow the money. Researcher Rosemary Frei 
produced an excellent article headlined “The Modelling-paper 
Mafiosi’. She highlights a guy called John Edmunds, a British 
epidemiologist, and professor in the Faculty of Epidemiology and 
Population Health at the London School of Hygiene & Tropical 
Medicine. He studied at Imperial College. Edmunds is a member of 
government ‘Covid’ advisory bodies which have been dictating 
policy, the New and Emerging Respiratory Virus Threats Advisory 
Group (NERVTAG) and the Scientific Advisory Group for 
Emergencies (SAGE). 

Ferguson, another member of NERVTAG and SAGE, led the way 
with the original ‘virus’ and Edmunds has followed in the ‘variant’ 
stage and especially the so-called UK or Kent variant known as the 
‘Variant of Concern’ (VOC) B.1.1.7. He said in a co-written report for 
the Centre for Mathematical modelling of Infectious Diseases at the 
London School of Hygiene and Tropical Medicine, with input from 
the Centre’s ‘Covid-19’ Working Group, that there was ‘a realistic 


possibility that VOC B.1.1.7 is associated with an increased risk of 
death compared to non-VOC viruses’. Fear, fear, fear, get the 
vaccine, fear, fear, fear, get the vaccine. Rosemary Frei reveals that 
almost all the paper’s authors and members of the modelling centre’s 
‘Covid-19’ Working Group receive funding from the Bill and 
Melinda Gates Foundation and/or the associated Gates-funded 
Wellcome Trust. The paper was published by e-journal Medr xiv 
which only publishes papers not peer-reviewed and the journal was 
established by an organisation headed by Facebook’s Mark 
Zuckerberg and his missus. What a small world it is. Frei discovered 
that Edmunds is on the Scientific Advisory Board of the Coalition for 
Epidemic Preparedness Innovations (CEPI) which was established 
by the Bill and Melinda Gates Foundation, Klaus Schwab’s Davos 
World Economic Forum and Big Pharma giant Wellcome. CEPI was 
‘launched in Davos [in 2017] to develop vaccines to stop future 
epidemics’, according to its website. ‘Our mission is to accelerate the 
development of vaccines against emerging infectious diseases and 
enable equitable access to these vaccines for people during 
outbreaks.’ What kind people they are. Rosemary Frei reveals that 
Public Health England (PHE) director Susan Hopkins is an author of 
her organisation’s non-peer-reviewed reports on ‘new variants’. 
Hopkins is a professor of infectious diseases at London’s Imperial 
College which is gifted tens of millions of dollars a year by the Bill 
and Melinda Gates Foundation. Gates-funded modelling disaster 
Neil Ferguson also co-authors Public Health England reports and he 
spoke in December, 2020, about the potential danger of the B.1.1.7. 
‘UK variant’ promoted by Gates-funded modeller John Edmunds. 
When I come to the ‘Covid vaccines’ the ‘new variants’ will be 
shown for what they are — bollocks. 


Connections, connections 

All these people and modellers are lockdown-obsessed or, put 
another way, they demand what the Cult demands. Edmunds said in 
January, 2021, that to ease lockdowns too soon would be a disaster 
and they had to ‘vaccinate much, much, much more widely than the 


elderly’. Rosemary Frei highlights that Edmunds is married to 
Jeanne Pimenta who is described in a LinkedIn profile as director of 
epidemiology at GlaxoSmithKline (GSK) and she held shares in the 
company. Patrick Vallance, co-chair of SAGE and the government's 
Chief Scientific Adviser, is a former executive of GSK and has a 
deferred bonus of shares in the company worth £600,000. GSK has 
serious business connections with Bill Gates and is collaborating 
with mRNA-~’vaccine’ company CureVac to make ‘vaccines’ for the 
new variants that Edmunds is talking about. GSK is planning a 
‘Covid vaccine’ with drug giant Sanofi. Puppet Prime Minister Boris 
Johnson announced in the spring of 2021 that up to 60 million 
vaccine doses were to be made at the GSK facility at Barnard Castle 
in the English North East. Barnard Castle, with a population of just 
6,000, was famously visited in breach of lockdown rules in April, 
2020, by Johnson aide Dominic Cummings who said that he drove 
there ‘to test his eyesight’ before driving back to London. Cummings 
would be better advised to test his integrity — not that it would take 
long. The GSK facility had nothing to do with his visit then although 
I’m sure Patrick Vallance would have been happy to arrange an 
introduction and some tea and biscuits. Ruthless psychopath Gates 
has made yet another fortune from vaccines in collaboration with Big 
Pharma companies and gushes at the phenomenal profits to be made 
from vaccines — more than a 20-to-1 return as he told one 
interviewer. Gates also tweeted in December, 2019, with the 
foreknowledge of what was coming: ‘What's next for our 
foundation? I’m particularly excited about what the next year could 
mean for one of the best buys in global health: vaccines.’ 


Modeller John Edmunds is a big promotor of vaccines as all these 
people appear to be. He’s the dean of the London School of Hygiene 
& Tropical Medicine’s Faculty of Epidemiology and Population 
Health which is primarily funded by the Bill and Melinda Gates 
Foundation and the Gates-established and funded GAVI vaccine 
alliance which is the Gates vehicle to vaccinate the world. The 
organisation Doctors Without Borders has described GAVI as being 
‘aimed more at supporting drug-industry desires to promote new 


products than at finding the most efficient and sustainable means for 
fighting the diseases of poverty’. But then that’s why the psychopath 
Gates created it. John Edmunds said in a video that the London 
School of Hygiene & Tropical Medicine is involved in every aspect of 
vaccine development including large-scale clinical trials. He 
contends that mathematical modelling can show that vaccines 
protect individuals and society. That’s on the basis of shit in and shit 
out, I take it. Edmunds serves on the UK Vaccine Network as does 
Ferguson and the government's foremost “Covid’ adviser, the grim- 
faced, dark-eyed Chris Whitty. The Vaccine Network says it works 
‘to support the government to identify and shortlist targeted 
investment opportunities for the most promising vaccines and 
vaccine technologies that will help combat infectious diseases with 
epidemic potential, and to address structural issues related to the 
UK’s broader vaccine infrastructure’. Ferguson is acting Director of 
the Imperial College Vaccine Impact Modelling Consortium which 
has funding from the Bill and Melina Gates Foundation and the 
Gates-created GAVI ‘vaccine alliance’. Anyone wonder why these 
characters see vaccines as the answer to every problem? Ferguson is 
wildly enthusiastic in his support for GAVI’s campaign to vaccine 
children en masse in poor countries. You would expect someone like 
Gates who has constantly talked about the need to reduce the 
population to want to fund vaccines to keep more people alive. I’m 
sure that’s why he does it. The John Edmunds London School of 
Hygiene & Tropical Medicine (LSHTM) has a Vaccines 
Manufacturing Innovation Centre which develops, tests and 
commercialises vaccines. Rosemary Frei writes: 


The vaccines centre also performs affiliated activities like combating ‘vaccine hesitancy’. The 
latter includes the Vaccine Confidence Project. The project’s stated purpose is, among other 
things, ‘to provide analysis and guidance for early response and engagement with the public 
to ensure sustained confidence in vaccines and immunisation’. The Vaccine Confidence 
Project’s director is LSHTM professor Heidi Larson. For more than a decade she’s been 
researching how to combat vaccine hesitancy. 


How the bloody hell can blokes like John Edmunds and Neil 
Ferguson with those connections and financial ties model ‘virus’ case 


and death projections for the government and especially in a way 
that gives their paymasters like Gates exactly what they want? It’s 
insane, but this is what you find throughout the world. 


‘Covid' is not dangerous, oops, wait, yes itis 

Only days before Ferguson’s nightmare scenario made Jackboot 
Johnson take Britain into a China-style lockdown to save us from a 
deadly ‘virus’ the UK government website gov.uk was reporting 
something very different to Ferguson on a page of official 


government guidance for ‘high consequence infectious diseases 
(HCID)’. It said this about ‘Covid-19’: 


As of 19 March 2020, COVID-19 is no longer considered to be a high consequence infectious 
diseases (HCID) in the UK [my emphasis]. The 4 nations public health HCID group made an 
interim recommendation in January 2020 to classify COVID-19 as an HCID. This was based 
on consideration of the UK HCID criteria about the virus and the disease with information 
available during the early stages of the outbreak. 


Now that more is known about COVID-19, the public health bodies in the UK have reviewed 
the most up to date information about COVID-19 against the UK HCID criteria. They have 
determined that several features have now changed; in particular, more information is 
available about mortality rates (low overall), and there is now greater clinical awareness and a 
specific and sensitive laboratory test, the availability of which continues to increase. The 
Advisory Committee on Dangerous Pathogens (ACDP) is also of the opinion that COVID-19 
should no longer be classified as an HCID. 


Soon after the government had been exposed for downgrading the 
risk they upgraded it again and everyone was back to singing from 
the same Cult hymn book. Ferguson and his fellow Gates clones 
indicated that lockdowns and restrictions would have to continue 
until a Gates-funded vaccine was developed. Gates said the same 
because Ferguson and his like were repeating the Gates script which 
is the Cult script. ‘Flatten the curve’ became an ongoing nightmare of 
continuing lockdowns with periods in between of severe restrictions 
in pursuit of destroying independent incomes and had nothing to do 
with protecting health about which the Cult gives not a shit. Why 
wouldn't Ferguson be pushing a vaccine ‘solution’ when he’s owned 
by vaccine-obsessive Gates who makes a fortune from them and 


when Ferguson heads the Vaccine Impact Modelling Consortium at 
Imperial College funded by the Gates Foundation and GAVI, the 
‘vaccine alliance’, created by Gates as his personal vaccine 
promotion operation? To compound the human catastrophe that 
Ferguson’s ‘models’ did so much to create he was later exposed for 
breaking his own lockdown rules by having sexual liaisons with his 
married girlfriend Antonia Staats at his home while she was living at 
another location with her husband and children. Staats was a 
‘climate’ activist and senior campaigner at the Soros-funded Avaaz 
which I wouldn’t trust to tell me that grass is green. Ferguson had to 
resign as a government advisor over this hypocrisy in May, 2020, but 
after a period of quiet he was back being quoted by the ridiculous 
media on the need for more lockdowns and a vaccine rollout. Other 
government-advising ‘scientists’ from Imperial College’ held the fort 
in his absence and said lockdown could be indefinite until a vaccine 
was found. The Cult script was being sung by the payrolled choir. I 
said there was no intention of going back to ‘normal’ when the 
‘vaccine’ came because the ‘vaccine’ is part of a very different agenda 
that I will discuss in Human 2.0. Why would the Cult want to let the 
world go back to normal when destroying that normal forever was 
the whole point of what was happening? House arrest, closing 
businesses and schools through lockdown, (un)social distancing and 
masks all followed the Ferguson fantasy models. Again as I 
predicted (these people are so predictable) when the ‘vaccine’ 
arrived we were told that house arrest, lockdown, (un)social 
distancing and masks would still have to continue. I will deal with 
the masks in the next chapter because they are of fundamental 
importance. 


Where's the ‘pandemic? 

Any mildly in-depth assessment of the figures revealed what was 
really going on. Cult-funded and controlled organisations still have 
genuine people working within them such is the number involved. 
So it is with Genevieve Briand, assistant program director of the 
Applied Economics master’s degree program at Johns Hopkins 


University. She analysed the impact that ‘Covid-1% had on deaths 
from all causes in the United States using official data from the CDC 
for the period from early February to early September, 2020. She 
found that allegedly ‘Covid’ related-deaths exceeded those from 
heart disease which she found strange with heart disease always the 
biggest cause of fatalities. Her research became even more significant 
when she noted the sudden decline in 2020 of all non-’Covid’ deaths: 
‘This trend is completely contrary to the pattern observed in all 
previous years ... the total decrease in deaths by other causes almost 
exactly equals the increase in deaths by Covid-19.” This was such a 
game, set and match in terms of what was happening that Johns 
Hopkins University deleted the article on the grounds that it “was 
being used to support false and dangerous inaccuracies about the 
impact of the pandemic’. No — because it exposed the scam from 
official CDC figures and this was confirmed when those figures were 
published in January, 2021. Here we can see the effect of people 
dying from heart attacks, cancer, road accidents and gunshot 
wounds — anything — having ‘Covid-19’ on the death certificate along 
with those diagnosed from ‘symptoms’ who had even not tested 
positive with a test not testing for the ‘virus’. Iam not kidding with 
the gunshot wounds, by the way. Brenda Bock, coroner in Grand 
County, Colorado, revealed that two gunshot victims tested positive 
for the ‘virus’ within the previous 30 days and were therefore 
classified as ‘Covid deaths’. Bock said: “These two people had tested 
positive for Covid, but that’s not what killed them. A gunshot 
wound is what killed them.’ She said she had not even finished her 
investigation when the state listed the gunshot victims as deaths due 
to the ‘virus’. The death and case figures for ‘Covid-19’ are an 
absolute joke and yet they are repeated like parrots by the media, 
politicians and alleged medical ‘experts’. The official Cult narrative 
is the only show in town. 

Genevieve Briand found that deaths from all causes were not 
exceptional in 2020 compared with previous years and a Spanish 
magazine published figures that said the same about Spain which 
was a ‘Covid’ propaganda hotspot at one point. Discovery Salud, a 


health and medicine magazine, quoted government figures which 
showed how 17,000 fewer people died in Spain in 2020 than in 2019 
and more than 26,000 fewer than in 2018. The age-standardised 
mortality rate for England and Wales when age distribution is taken 
into account was significantly lower in 2020 than the 1970s, 80s and 
90s, and was only the ninth highest since 2000. Where is the 
‘pandemic’? 

Post mortems and autopsies virtually disappeared for ‘Covid’ 
deaths amid claims that ‘virus-infected’ bodily fluids posed a risk to 
those carrying out the autopsy. This was rejected by renowned 
German pathologist and forensic doctor Klaus Puschel who said that 
he and his staff had by then done 150 autopsies on ‘Covid’ patients 
with no problems at all. He said they were needed to know why 
some ‘Covid’ patients suffered blood clots and not severe respiratory 
infections. The ‘virus’ is, after all, called SARS or ‘severe acute 
respiratory syndrome’. I highlighted in the spring of 2020 this 
phenomenon and quoted New York intensive care doctor Cameron 
Kyle-Sidell who posted a soon deleted YouTube video to say that 
they had been told to prepare to treat an infectious disease called 
‘Covid-19’, but that was not what they were dealing with. Instead he 
likened the lung condition of the most severely ill patients to what 
you would expect with cabin depressurisation in a plane at 30,000 
feet or someone dropped on the top of Everest without oxygen or 
acclimatisation. I have never said this is not happening to a small 
minority of alleged ‘Covid’ patients — I am saying this is not caused 
by a phantom ‘contagious virus’. Indeed Kyle-Sidell said that 
‘Covid-19’ was not the disease they were told was coming their way. 
‘We are operating under a medical paradigm that is untrue,’ he said, 
and he believed they were treating the wrong disease: “These people 
are being slowly starved of oxygen.’ Patients would take off their 
oxygen masks in a state of fear and stress and while they were blue 
in the face on the brink of death. They did not look like patients 
dying of pneumonia. You can see why they don’t want autopsies 
when their virus doesn’t exist and there is another condition in some 
people that they don’t wish to be uncovered. I should add here that 


the 5G system of millimetre waves was being rapidly introduced 
around the world in 2020 and even more so now as they fire 5G at 
the Earth from satellites. At 60 gigahertz within the 5G range that 
frequency interacts with the oxygen molecule and stops people 
breathing in sufficient oxygen to be absorbed into the bloodstream. 
They are installing 5G in schools and hospitals. The world is not 
mad or anything. 5G can cause major changes to the lungs and blood 
as I detail in The Answer and these consequences are labelled ‘Covid- 
19’, the alleged symptoms of which can be caused by 5G and other 
electromagnetic frequencies as cells respond to radiation poisoning. 


The ‘Covid death’ scam 

Dr Scott Jensen, a Minnesota state senator and medical doctor, 
exposed ‘Covid’ Medicare payment incentives to hospitals and death 
certificate manipulation. He said he was sent a seven-page document 
by the US Department of Health ‘coaching’ him on how to fill out 
death certificates which had never happened before. The document 
said that he didn’t need to have a laboratory test for ‘Covid-19’ to 
put that on the death certificate and that shocked him when death 
certificates are supposed to be about facts. Jensen described how 
doctors had been ‘encouraged, if not pressured’ to make a diagnosis 
of ‘Covid-19’ if they thought it was probable or ‘presumed’. No 
positive test was necessary — not that this would have mattered 
anyway. He said doctors were told to diagnose ‘Covid’ by symptoms 
when these were the same as colds, allergies, other respiratory 
problems, and certainly with influenza which ‘disappeared’ in the 
‘Covid’ era. A common sniffle was enough to get the dreaded 
verdict. Ontario authorities decreed that a single care home resident 
with one symptom from a long list must lead to the isolation of the 
entire home. Other courageous doctors like Jensen made the same 
point about death figure manipulation and how deaths by other 
causes were falling while ‘Covid-19 deaths’ were rising at the same 
rate due to re-diagnosis. Their videos rarely survive long on 
YouTube with its Cult-supporting algorithms courtesy of CEO Susan 
Wojcicki and her bosses at Google. Figure-tampering was so glaring 


and ubiquitous that even officials were letting it slip or outright 
saying it. UK chief scientific adviser Patrick Vallance said on one 
occasion that ‘Covid’ on the death certificate doesn’t mean “Covid’ 
was the cause of death (so why the hell is it there?) and we had the 
rare sight of a BBC reporter telling the truth when she said: 
‘Someone could be successfully treated for Covid, in say April, 
discharged, and then in June, get run over by a bus and die ... That 
person would still be counted as a Covid death in England.’ Yet the 
BBC and the rest of the world media went on repeating the case and 
death figures as if they were real. Illinois Public Health Director Dr 
Ngozi Ezike revealed the deceit while her bosses must have been 
clenching their buttocks: 


If you were in a hospice and given a few weeks to live and you were then found to have 
Covid that would be counted as a Covid death. [There might be] a clear alternate cause, but it 
is still listed as a Covid death. So everyone listed as a Covid death doesn’t mean that was the 
cause of the death, but that they had Covid at the time of death. 


Yes, a ‘Covid virus’ never shown to exist and tested for with a test 
not testing for the ‘virus’. In the first period of the pandemic hoax 
through the spring of 2020 the process began of designating almost 
everything a ‘Covid’ death and this has continued ever since. I sat in 
a restaurant one night listening to a loud conversation on the next 
table where a family was discussing in bewilderment how a relative 
who had no symptoms of ‘Covid’, and had died of a long-term 
problem, could have been diagnosed a death by the ‘virus’. I could 
understand their bewilderment. If they read this book they will 
know why this medical fraud has been perpetrated the world over. 


Some media truth shock 

The media ignored the evidence of death certificate fraud until 
eventually one columnist did speak out when she saw it first-hand. 
Bel Mooney is a long-time national newspaper journalist in Britain 
currently working for the Daily Mail. Her article on February 19th, 
2021, carried this headline: ‘My dad Ted passed three Covid tests 


and died of a chronic illness yet he’s officially one of Britain’s 120,000 
victims of the virus and is far from alone ... so how many more are 
there?’ She told how her 99-year-old father was in a care home with 
a long-standing chronic obstructive pulmonary disease and vascular 
dementia. Maybe, but he was still aware enough to tell her from the 
start that there was no ‘virus’ and he refused the ‘vaccine’ for that 
reason. His death was not unexpected given his chronic health 
problems and Mooney said she was shocked to find that “‘Covid-19’ 
was declared the cause of death on his death certificate. She said this 
was a ‘bizarre and unacceptable untruth’ for a man with long-time 
health problems who had tested negative twice at the home for the 
‘virus’. I was also shocked by this story although not by what she 
said. I had been highlighting the death certificate manipulation for 
ten months. It was the confirmation that a professional full-time 
journalist only realised this was going on when it affected her 
directly and neither did she know that whether her dad tested 
positive or negative was irrelevant with the test not testing for the 
‘virus’. Where had she been? She said she did not believe in 
‘conspiracy theories’ without knowing I’m sure that this and 
‘conspiracy theorists’ were terms put into widespread circulation by 
the CIA in the 1960s to discredit those who did not accept the 
ridiculous official story of the Kennedy assassination. A blanket 
statement of ‘I don’t believe in conspiracy theories’ is always bizarre. 
The dictionary definition of the term alone means the world is 
drowning in conspiracies. What she said was even more daft when 
her dad had just been affected by the ‘Covid’ conspiracy. Why else 
does she think that ‘Covid-19’ was going on the death certificates of 
people who died of something else? 

To be fair once she saw from personal experience what was 
happening she didn’t mince words. Mooney was called by the care 
home on the morning of February 9th to be told her father had died 
in his sleep. When she asked for the official cause of death what 
came back was ‘Covid-19’. Mooney challenged this and was told 
there had been deaths from Covid on the dementia floor (confirmed 
by a test not testing for the ‘virus’) so they considered it ‘reasonable 


to assume’. ‘But doctor,’ Mooney rightly protested, ‘an assumption 
isn’t a diagnosis.’ She said she didn’t blame the perfectly decent and 
sympathetic doctor — ‘he was just doing his job’. Sorry, but that’s 
bullshit. He wasn’t doing his job at all. He was putting a false cause of 
death on the death certificate and that is a criminal offence for which 
he should be brought to account and the same with the millions of 
doctors worldwide who have done the same. They were not doing 
their job they were following orders and that must not wash at new 
Nuremberg trials any more than it did at the first ones. Mooney’s 
doctor was ‘assuming’ (presuming) as he was told to, but ‘just 
following orders’ makes no difference to his actions. A doctor’s job is 
to serve the patient and the truth, not follow orders, but that’s what 
they have done all over the world and played a central part in 
making the ‘Covid’ hoax possible with all its catastrophic 
consequences for humanity. Shame on them and they must answer 
for their actions. Mooney said her disquiet worsened when she 
registered her father’s death by telephone and was told by the 
registrar there had been very many other cases like hers where ‘the 
deceased’ had not tested positive for ‘Covid’ yet it was recorded as 
the cause of death. The test may not matter, but those involved at 
their level think it matters and it shows a callous disregard for 
accurate diagnosis. The pressure to do this is coming from the top of 
the national ‘health’ pyramids which in turn obey the World Health 
Organization which obeys Gates and the Cult. Mooney said the 
registrar agreed that this must distort the national figures adding 
that ‘the strangest thing is that every winter we record countless 
deaths from flu, and this winter there have been none. Not one!’ She 
asked if the registrar thought deaths from flu were being 
misdiagnosed and lumped together with ‘Covid’ deaths. The answer 
was a ‘puzzled yes’. Mooney said that the funeral director said the 
same about ‘Covid’ deaths which had nothing to do with ‘Covid’. 
They had lost count of the number of families upset by this and 
other funeral companies in different countries have had the same 
experience. Mooney wrote: 


The nightly shroud-waving and shocking close-ups of pain imposed on us by the TV news 
bewildered and terrified the population into eager compliance with lockdowns. We were 
invited to ‘save the NHS’ and to grieve for strangers — the real-life loved ones behind those 
shocking death counts. Why would the public imagine what | now fear, namely that the way 
Covid-19 death statistics are compiled might make the numbers seem greater than they are? 


Oh, just a little bit — like 100 percent. 


Mooney asked why a country would wish to skew its mortality 
figures by wrongly certifying deaths? What had been going on? 
Well, if you don’t believe in conspiracies you will never find the 
answer which is that it’s a conspiracy. She did, however, describe 
what she had discovered as a ‘national scandal’. In reality it’s a 
global scandal and happening everywhere. Pillars of this conspiracy 
were all put into place before the button was pressed with the 
Drosten PCR protocol and high amplifications to produce the cases 
and death certificate changes to secure illusory ‘Covid’ deaths. 
Mooney notes that normally two doctors were needed to certify a 
death, with one having to know the patient, and how the rules were 
changed in the spring of 2020 to allow one doctor to do this. In the 
same period “Covid deaths’ were decreed to be all cases where 
Covid-19 was put on the death certificate even without a positive test 
or any symptoms. Mooney asked: ‘How many of the 30,851 (as of 
January 15) care home resident deaths with Covid-19 on the 
certificate (32.4 per cent of all deaths so far) were based on an 
assumption, like that of my father? And what has that done to our 
national psyche?’ All of them is the answer to the first question and it 
has devastated and dismantled the national psyche, actually the 
global psyche, on a colossal scale. In the UK case and death data is 
compiled by organisations like Public Health England (PHE) and the 
Office for National Statistics (ONS). Mooney highlights the insane 
policy of counting a death from any cause as ‘Covid-19% if this 
happens within 28 days of a positive test (with a test not testing for 
the ‘virus’) and she points out that ONS statistics reflect deaths 
‘involving Covid’ ‘or due to Covid’ which meant in practice any 


death where ‘Covid-19’ was mentioned on the death certificate. She 
described the consequences of this fraud: 


Most people will accept the narrative they are fed, so panicky governments here and in 
Europe witnessed the harsh measures enacted in totalitarian China and jumped into 
lockdown. Headlines about Covid deaths tolled like the knell that would bring doomsday to 
us all. Fear stalked our empty streets. Politicians parroted the frankly ridiculous aim of ‘zero 
Covid’ and shut down the economy, while most British people agreed that lockdown was 
essential and (astonishingly to me, as a patriotic Brit) even wanted more restrictions. 


For what? Lies on death certificates? Never mind the grim toll of lives ruined, suicides, schools 
closed, rising inequality, depression, cancelled hospital treatments, cancer patients in a torture 
of waiting, poverty, economic devastation, loneliness, families kept apart, and so on. How 
many lives have been lost as a direct result of lockdown? 


She said that we could join in a national chorus of shock and horror 
at reaching the 120,000 death toll which was surely certain to have 
been totally skewed all along, but what about the human cost of 
lockdown justified by these ‘death figures’? The British Medical 
Journal had reported a 1,493 percent increase in cases of children 
taken to Great Ormond Street Hospital with abusive head injuries 
alone and then there was the effect on families: 


Perhaps the most shocking thing about all this is that families have been kept apart — and 
obeyed the most irrational, changing rules at the whim of government — because they 
believed in the statistics. They succumbed to fear, which his generation rejected in that war 
fought for freedom. Dad (God rest his soul) would be angry. And so am I. 


Another theme to watch is that in the winter months when there 
are more deaths from all causes they focus on ‘Covid’ deaths and in 
the summer when the British Lung Foundation says respiratory 
disease plummets by 80 percent they rage on about ‘cases’. Either 
way fascism on population is always the answer. 


Nazi eugenics in the 21st century 

Elderly people in care homes have been isolated from their families 
month after lonely month with no contact with relatives and 
grandchildren who were banned from seeing them. We were told 


that lockdown fascism was to ‘protect the vulnerable’ like elderly 
people. At the same time Do Not Resuscitate (DNR) orders were 
placed on their medical files so that if they needed resuscitation it 
wasn’t done and “Covid-19’ went on their death certificates. Old 
people were not being ‘protected’ they were being culled — 
murdered in truth. DNR orders were being decreed for disabled and 
young people with learning difficulties or psychological problems. 
The UK Care Quality Commission, a non-departmental body of the 
Department of Health and Social Care, found that 34 percent of 
those working in health and social care were pressured into placing 
‘do not attempt cardiopulmonary resuscitation’ orders on ‘Covid’ 
patients who suffered from disabilities and learning difficulties 
without involving the patient or their families in the decision. UK 
judges ruled that an elderly woman with dementia should have the 
DNA-manipulating ‘Covid vaccine’ against her son’s wishes and that 
aman with severe learning difficulties should have the jab despite 
his family’s objections. Never mind that many had already died. The 
judiciary always supports doctors and government in fascist 
dictatorships. They wouldn’t dare do otherwise. A horrific video was 
posted showing fascist officers from Los Angeles police forcibly 
giving the ‘Covid’ shot to women with special needs who were 
screaming that they didn’t want it. The same fascists are seen giving 
the jab to a sleeping elderly woman in a care home. This is straight 
out of the Nazi playbook. Hitler’s Nazis committed mass murder of 
the mentally ill and physically disabled throughout Germany and 
occupied territories in the programme that became known as Aktion 
T4, or just T4. Sabbatian-controlled Hitler and his grotesque crazies 
set out to kill those they considered useless and unnecessary. The 
Reich Committee for the Scientific Registering of Hereditary and 
Congenital Illnesses registered the births of babies identified by 
physicians to have ‘defects’. By 1941 alone more than 5,000 children 
were murdered by the state and it is estimated that in total the 
number of innocent people killed in Aktion T4 was between 275,000 
and 300,000. Parents were told their children had been sent away for 
‘special treatment’ never to return. It is rather pathetic to see claims 
about plans for new extermination camps being dismissed today 


when the same force behind current events did precisely that 80 
years ago. Margaret Sanger was a Cult operative who used ‘birth 
control’ to sanitise her programme of eugenics. Organisations she 
founded became what is now Planned Parenthood. Sanger proposed 
that ‘the whole dysgenic population would have its choice of 
segregation or sterilization’. These included epileptics, ‘feeble- 
minded’, and prostitutes. Sanger opposed charity because it 
perpetuated ‘human waste’. She reveals the Cult mentality and if 
anyone thinks that extermination camps are a ‘conspiracy theory’ 
their naivety is touching if breathtakingly stupid. 

If you don’t believe that doctors can act with callous disregard for 
their patients it is worth considering that doctors and medical staff 
agreed to put government-decreed DNR orders on medical files and 
do nothing when resuscitation is called for. I don’t know what you 
call such people in your house. In mine they are Nazis from the Josef 
Mengele School of Medicine. Phenomenal numbers of old people 
have died worldwide from the effects of lockdown, depression, lack 
of treatment, the ‘vaccine’ (more later) and losing the will to live. A 
common response at the start of the manufactured pandemic was to 
remove old people from hospital beds and transfer them to nursing 
homes. The decision would result in a mass cull of elderly people in 
those homes through lack of treatment — not ‘Covid’. Care home 
whistleblowers have told how once the ‘Covid’ era began doctors 
would not come to their homes to treat patients and they were 
begging for drugs like antibiotics that often never came. The most 
infamous example was ordered by New York governor Andrew 
Cuomo, brother of a moronic CNN host, who amazingly was given 
an Emmy Award for his handling of the ‘Covid crisis’ by the 
ridiculous Wokers that hand them out. Just how ridiculous could be 
seen in February, 2021, when a Department of Justice and FBI 
investigation began into how thousands of old people in New York 
died in nursing homes after being discharged from hospital to make 
way for ‘Covid’ patients on Cuomo’s say-so — and how he and his 
staff covered up these facts. This couldn’t have happened to a nicer 
psychopath. Even then there was a ‘Covid’ spin. Reports said that 


thousands of old people who tested positive for “Covid’ in hospital 
were transferred to nursing homes to both die of ‘Covid’ and 
transmit it to others. No — they were in hospital because they were ill 
and the fact that they tested positive with a test not testing for the 
‘virus’ is irrelevant. They were ill often with respiratory diseases 
ubiquitous in old people near the end of their lives. Their transfer 
out of hospital meant that their treatment stopped and many would 
go on to die. 


They're old. Who gives a damn? 


I have exposed in the books for decades the Cult plan to cull the 
world’s old people and even to introduce at some point what they 
call a ‘demise pill’ which at a certain age everyone would take and 
be out of here by law. In March, 2021, Spain legalised euthanasia and 
assisted suicide following the Netherlands, Belgium, Luxembourg 
and Canada on the Tiptoe to the demise pill. Treatment of old people 
by many ‘care’ homes has been a disgrace in the ‘Covid’ era. There 
are many, many, caring staff — I know some. There have, however, 
been legions of stories about callous treatment of old people and 
their families. Police were called when families came to take their 
loved ones home in the light of isolation that was killing them. They 
became prisoners of the state. Care home residents in insane, fascist 
Ontario, Canada, were not allowed to leave their room once the 
‘Covid’ hoax began. UK staff have even wheeled elderly people 
away from windows where family members were talking with them. 
Oriana Criscuolo from Stockport in the English North West dropped 
off some things for her 80-year-old father who has Parkinson’s 
disease and dementia and she wanted to wave to him through a 
ground-floor window. She was told that was ‘illegal’. When she went 
anyway they closed the curtains in the middle of the day. Oriana 
said: 


It’s just unbelievable. | cannot understand how care home staff — people who are being paid 
to care — have become so uncaring. Their behaviour is inhumane and cruel. It’s beyond belief. 


She was right and this was not a one-off. What a way to end your life 
in such loveless circumstances. UK registered nurse Nicky Millen, a 
proper old school nurse for 40 years, said that when she started her 
career care was based on dignity, choice, compassion and empathy. 
Now she said ‘the things that are important to me have gone out of 
the window.’ She was appalled that people were dying without their 
loved ones and saying goodbye on iPads. Nicky described how a 
distressed 89-year-old lady stroked her face and asked her ‘how 
many paracetamol would it take to finish me off’. Life was no longer 
worth living while not seeing her family. Nicky said she was 
humiliated in front of the ward staff and patients for letting the lady 
stroke her face and giving her a cuddle. Such is the dehumanisation 
that the ‘Covid’ hoax has brought to the surface. Nicky worked in 
care homes where patients told her they were being held prisoner. ‘I 
want to live until I die’, one said to her. ‘I had a lady in tears because 
she hadn’t seen her great-grandson.’ Nicky was compassionate old 
school meeting psychopathic New Normal. She also said she had 
worked on a “Covid’ ward with no ‘Covid’ patients. Jewish writer 
Shai Held wrote an article in March, 2020, which was headlined “The 
Staggering, Heartless Cruelty Toward the Elderly’. What he 
described was happening from the earliest days of lockdown. He 
said ‘the elderly’ were considered a group and not unique 
individuals (the way of the Woke). Shai Held said: 


Notice how the all-too-familiar rhetoric of dehumanization works: ‘The elderly’ are bunched 
together as a faceless mass, all of them considered culprits and thus effectively deserving of 
the suffering the pandemic will inflict upon them. Lost entirely is the fact that the elderly are 
individual human beings, each with a distinctive face and voice, each with hopes and 
dreams, memories and regrets, friendships and marriages, loves lost and loves sustained. 


‘The elderly’ have become another dehumanised group for which 
anything goes and for many that has resulted in cold disregard for 
their rights and their life. The distinctive face that Held talks about is 
designed to be deleted by masks until everyone is part of a faceless 
mass. 


‘War-zone’ hospitals myth 

Again and again medical professionals have told me what was really 
going on and how hospitals ‘overrun like war zones’ according to 
the media were virtually empty. The mantra from medical 
whistleblowers was please don’t use my name or my career is Over. 
Citizen journalists around the world sneaked into hospitals to film 
evidence exposing the ‘war-zone’ lie. They really were largely empty 
with closed wards and operating theatres. I met a hospital worker in 
my town on the Isle of Wight during the first lockdown in 2020 who 
said the only island hospital had never been so quiet. Lockdown was 
justified by the psychopaths to stop hospitals being overrun. At the 
same time that the island hospital was near-empty the military 
arrived here to provide extra beds. It was all propaganda to ramp up 
the fear to ensure compliance with fascism as were never-used 
temporary hospitals with thousands of beds known as Nightingales 
and never-used make-shift mortuaries opened by the criminal UK 
government. A man who helped to install those extra island beds 
attributed to the army said they were never used and the hospital 
was empty. Doctors and nurses ‘stood around talking or on their 
phones, wandering down to us to see what we were doing’. There 
were no masks or social distancing. He accused the useless local 
island paper, the County Press, of ‘pumping the fear as if our hospital 
was overrun and we only have one so it should have been’. He 
described ambulances parked up with crews outside in deck chairs. 
When his brother called an ambulance he was told there was a two- 
hour backlog which he called ‘bullshit’. An old lady on the island fell 
‘and was in a bad way’, but a caller who rang for an ambulance was 
told the situation wasn’t urgent enough. Ambulance stations were 
working under capacity while people would hear ambulances with 
sirens blaring driving through the streets. When those living near 
the stations realised what was going on they would follow them as 
they left, circulated around an urban area with the sirens going, and 
then came back without stopping. All this was to increase levels of 
fear and the same goes for the ‘ventilator shortage crisis’ that cost 
tens of millions for hastily produced ventilators never to be used. 


Ambulance crews that agreed to be exploited in this way for fear 
propaganda might find themselves a mirror. I wish them well with 
that. Empty hospitals were the obvious consequence of treatment 
and diagnoses of non-’Covid’ conditions cancelled and those 
involved handed a death sentence. People have been dying at home 
from undiagnosed and untreated cancer, heart disease and other life- 
threatening conditions to allow empty hospitals to deal with a 
‘pandemic’ that wasn’t happening. 


‘War-zones’ have been laying off nursing staff, even doctors where 
they can. There was no work for them. Lockdown was justified by 
saving lives and protecting the vulnerable they were actually killing 
with DNR orders and preventing empty hospitals being ‘overrun’. In 
Britain the mantra of stay at home to ‘save the NHS’ was everywhere 
and across the world the same story was being sold when it was all 
lies. Two California doctors, Dan Erickson and Artin Massihi at 
Accelerated Urgent Care in Bakersfield, held a news conference in 
April, 2020, to say that intensive care units in California were ‘empty, 
essentially’, with hospitals shutting floors, not treating patients and 
laying off doctors. The California health system was working at 
minimum capacity ‘getting rid of doctors because we just don’t have 
the volume’. They said that people with conditions such as heart 
disease and cancer were not coming to hospital out of fear of “Covid- 
19’. Their video was deleted by Susan Wojcicki’s Cult-owned 
YouTube after reaching five million views. Florida governor Ron 
Desantis, who rejected the severe lockdowns of other states and is 
being targeted for doing so, said that in March, 2020, every US 
governor was given models claiming they would run out of hospital 
beds in days. That was never going to happen and the ‘modellers’ 
knew it. Deceit can be found at every level of the system. Urgent 
children’s operations were cancelled including fracture repairs and 
biopsies to spot cancer. Eric Nicholls, a consultant paediatrician, said 
‘this is obviously concerning and we need to return to normal 
operating and to increase capacity as soon as possible’. Psychopaths 


in power were rather less concerned because they are psychopaths. 
Deletion of urgent care and diagnosis has been happening all over 
the world and how many kids and others have died as a result of the 
actions of these cold and heartless lunatics dictating ‘health’ policy? 
The number must be stratospheric. Richard Sullivan, professor of 
cancer and global health at King’s College London, said people 
feared “Covid’ more than cancer such was the campaign of fear. 
‘Years of lost life will be quite dramatic’, Sullivan said, with ‘a huge 
amount of avoidable mortality’. Sarah Woolnough, executive 
director for policy at Cancer Research UK, said there had been a 75 
percent drop in urgent referrals to hospitals by family doctors of 
people with suspected cancer. Sullivan said that ‘a lot of services 
have had to scale back — we’ve seen a dramatic decrease in the 
amount of elective cancer surgery’. Lockdown deaths worldwide has 
been absolutely fantastic with the New York Post reporting how data 
confirmed that ‘lockdowns end more lives than they save’: 


There was a sharp decline in visits to emergency rooms and an increase in fatal heart attacks 
because patients didn’t receive prompt treatment. Many fewer people were screened for 
cancer. Social isolation contributed to excess deaths from dementia and Alzheimer’s. 


Researchers predicted that the social and economic upheaval would lead to tens of thousands 
of “deaths of despair” from drug overdoses, alcoholism and suicide. As unemployment surged 
and mental-health and substance-abuse treatment programs were interrupted, the reported 
levels of anxiety, depression and suicidal thoughts increased dramatically, as did alcohol sales 
and fatal drug overdoses. 


This has been happening while nurses and other staff had so much 
time on their hands in the ‘war-zones’ that Tic-Tok dancing videos 
began appearing across the Internet with medical staff dancing 
around in empty wards and corridors as people died at home from 
causes that would normally have been treated in hospital. 


Mentions in dispatches 

One brave and truth-committed whistleblower was Louise 
Hampton, a call handler with the UK NHS who made a viral 
Internet video saying she had done ‘fuck all’ during the ‘pandemic’ 


which was ‘a load of bollocks’. She said that ‘Covid-19’ was 
rebranded flu and of course she lost her job. This is what happens in 
the medical and endless other professions now when you tell the 
truth. Louise filmed inside ‘war-zone’ accident and emergency 
departments to show they were empty and I mean empty as in no 
one there. The mainstream media could have done the same and 
blown the gaff on the whole conspiracy. They haven't to their eternal 
shame. Not that most ‘journalists’ seem capable of manifesting 
shame as with the psychopaths they slavishly repeat without 
question. The relative few who were admitted with serious health 
problems were left to die alone with no loved ones allowed to see 
them because of ‘Covid’ rules and they included kids dying without 
the comfort of mum and dad at their bedside while the evil behind 
this couldn’t give a damn. It was all good fun to them. A Scottish 
NHS staff nurse publicly quit in the spring of 2021 saying: ‘I can no 
longer be part of the lies and the corruption by the government.’ She 
said hospitals ‘aren’t full, the beds aren’t full, beds have been shut, 
wards have been shut’. Hospitals were never busy throughout 
‘Covid’. The staff nurse said that Nicola Sturgeon, tragically the 
leader of the Scottish government, was on television saying save the 
hospitals and the NHS — ‘but the beds are empty’ and ‘we've not 
seen flu, we always see flu every year’. She wrote to government and 
spoke with her union Unison (the unions are Cult-compromised and 
useless, but nothing changed. Many of her colleagues were scared of 
losing their jobs if they spoke out as they wanted to. She said 
nursing staff were being affected by wearing masks all day and ‘my 
head is splitting every shift from wearing a mask’. The NHS is part 
of the fascist tyranny and must be dismantled so we can start again 
with human beings in charge. (Ironically, hospitals were reported to 
be busier again when official “Covid’ cases fell in spring/summer of 
2021 and many other conditions required treatment at the same time 
as the fake vaccine rollout.) 

I will cover the ‘Covid vaccine’ scam in detail later, but it is 
another indicator of the sickening disregard for human life that Iam 
highlighting here. The DNA-manipulating concoctions do not fulfil 


the definition of a ‘vaccine’, have never been used on humans before 
and were given only emergency approval because trials were not 
completed and they continued using the unknowing public. The 
result was what a NHS senior nurse with responsibility for ‘vaccine’ 
procedure said was ‘genocide’. She said the ‘vaccines’ were not 
‘vaccines’. They had not been shown to be safe and claims about 
their effectiveness by drug companies were ‘poetic licence’. She 
described what was happening as a ‘horrid act of human 
annihilation’. The nurse said that management had instigated a 
policy of not providing a Patient Information Leaflet (PIL) before 
people were ‘vaccinated’ even though health care professionals are 
supposed to do this according to protocol. Patients should also be 
told that they are taking part in an ongoing clinical trial. Her 
challenges to what is happening had seen her excluded from 
meetings and ridiculed in others. She said she was told to “watch my 
step ... or I would find myself surplus to requirements’. The nurse, 
who spoke anonymously in fear of her career, said she asked her 
NHS manager why he/she was content with taking part in genocide 
against those having the ‘vaccines’. The reply was that everyone had 
to play their part and to ‘put up, shut up, and get it done’. 
Government was ‘leaning heavily’ on NHS management which was 
clearly leaning heavily on staff. This is how the global ‘medical’ 
hierarchy operates and it starts with the Cult and its World Health 
Organization. 

She told the story of a doctor who had the Pfizer jab and when 
questioned had no idea what was in it. The doctor had never read 
the literature. We have to stop treating doctors as intellectual giants 
when so many are moral and medical pygmies. The doctor did not 
even know that the ‘vaccines’ were not fully approved or that their 
trials were ongoing. They were, however, asking their patients if 
they minded taking part in follow-ups for research purposes — yes, 
the ongoing clinical trial. The nurse said the doctor’s ignorance was 
not rare and she had spoken to a hospital consultant who had the jab 
without any idea of the background or that the ‘trials’ had not been 
completed. Nurses and pharmacists had shown the same ignorance. 


‘My NHS colleagues have forsaken their duty of care, broken their 
code of conduct — Hippocratic Oath — and have been brainwashed 
just the same as the majority of the UK public through propaganda 
.... She said she had not been able to recruit a single NHS colleague, 
doctor, nurse or pharmacist to stand with her and speak out. Her 
union had refused to help. She said that if the genocide came to light 
she would not hesitate to give evidence at a Nuremberg-type trial 
against those in power who could have affected the outcomes but 
didn’t. 


To put the nonsense into perspective let’s say the ‘virus’ does exist 
and let’s go completely crazy and accept that the official 
manipulated figures for cases and deaths are accurate. Even then a 
study by Stanford University epidemiologist Dr John Ioannidis 
published on the World Health Organization website produced an 
average infection to fatality rate of ... 0.23 percent! Ioannidis said: ‘If 
one could sample equally from all locations globally, the median 
infection fatality rate might even be substantially lower than the 
0.23% observed in my analysis.’ For healthy people under 70 it was 
... 0.05 percent! This compares with the 3.4 percent claimed by the 
Cult-owned World Health Organization when the hoax was first 
played and maximum fear needed to be generated. An updated 
Stanford study in April, 2021, put the ‘infection’ to ‘fatality’ rate at 
just 0.15 percent. Another team of scientists led by Megan O'Driscoll 
and Henrik Salje studied data from 45 countries and published their 
findings on the Nature website. For children and young people the 
figure is so small it virtually does not register although authorities 
will be hyping dangers to the young when they introduce DNA- 
manipulating ‘vaccines’ for children. The O’Driscoll study produced 
an average infection-fatality figure of 0.003 for children from birth to 
four; 0.001 for 5 to 14; 0.003 for 15 to 19; and it was still only 0.456 up 
to 64. To claim that children must be ‘vaccinated’ to protect them 
from ‘Covid’ is an obvious lie and so there must be another reason 
and there is. What’s more the average age of a ‘Covid’ death is akin 


to the average age that people die in general. The average age of 
death in England is about 80 for men and 83 for women. The average 
age of death from alleged ‘Covid’ is between 82 and 83. California 
doctors, Dan Erickson and Artin Massihi, said at their April media 
conference that projection models of millions of deaths had been 
‘woefully inaccurate’. They produced detailed figures showing that 
Californians had a 0.03 chance of dying from ‘Covid’ based on the 
number of people who tested positive (with a test not testing for the 
‘virus’). Erickson said there was a 0.1 percent chance of dying from 
‘Covid’ in the state of New York, not just the city, and a 0.05 percent 
chance in Spain, a centre of ‘Covid-19 hysteria at one stage. The 
Stanford studies supported the doctors’ data with fatality rate 
estimates of 0.23 and 0.15 percent. How close are these figures to my 
estimate of zero? Death-rate figures claimed by the World Health 
Organization at the start of the hoax were some 15 times higher. The 
California doctors said there was no justification for lockdowns and 
the economic devastation they caused. Everything they had ever 
learned about quarantine was that you quarantine the sick and not 
the healthy. They had never seen this before and it made no medical 
sense. 


Why in the in the light of all this would governments and medical 
systems the world over say that billions must go under house arrest; 
lose their livelihood; in many cases lose their mind, their health and 
their life; force people to wear masks dangerous to health and 
psychology; make human interaction and even family interaction a 
criminal offence; ban travel; close restaurants, bars, watching live 
sport, concerts, theatre, and any activity involving human 
togetherness and discourse; and closing schools to isolate children 
from their friends and cause many to commit suicide in acts of 
hopelessness and despair? The California doctors said lockdown 
consequences included increased child abuse, partner abuse, 
alcoholism, depression, and other impacts they were seeing every 
day. Who would do that to the entire human race if not mentally-ill 
psychopaths of almost unimaginable extremes like Bill Gates? We 
must face the reality of what we are dealing with and come out of 


denial. Fascism and tyranny are made possible only by the target 
population submitting and acquiescing to fascism and tyranny. The 
whole of human history shows that to be true. Most people naively 
and unquestioning believed what they were told about a ‘deadly 
virus’ and meekly and weakly submitted to house arrest. Those who 
didn’t believe it — at least in total — still submitted in fear of the 
consequences of not doing so. For the rest who wouldn’t submit 
draconian fines have been imposed, brutal policing by psychopaths 
for psychopaths, and condemnation from the meek and weak who 
condemn the Pushbackers on behalf of the very force that has them, 
too, in its gunsights. ‘Pathetic’ does not even begin to suffice. 
Britain’s brainless ‘Health’ Secretary Matt Hancock warned anyone 
lying to border officials about returning from a list of ‘hotspot’ 
countries could face a jail sentence of up to ten years which is more 
than for racially-aggravated assault, incest and attempting to have 
sex with a child under 13. Hancock is a lunatic, but he has the state 
apparatus behind him in a Cult-led chain reaction and the same with 
UK “Vaccine Minister’ Nadhim Zahawi, a prominent member of the 
mega-Cult secret society, Le Cercle, which featured in my earlier 
books. The Cult enforces its will on governments and medical 
systems; government and medical systems enforce their will on 
business and police; business enforces its will on staff who enforce it 
on customers; police enforce the will of the Cult on the population 
and play their essential part in creating a world of fascist control that 
their own children and grandchildren will have to live in their entire 
lives. It is a hierarchical pyramid of imposition and acquiescence 
and, yes indeedy, of clinical insanity. 

Does anyone bright enough to read this book have to ask what the 
answer is? I think not, but I will reveal it anyway in the fewest of 
syllables: Tell the psychos and their moronic lackeys to fuck off and 
let’s get on with our lives. We are many — They are few. 


CHAPTER SEVEN 
War on your mind 


One believes things because one has been conditioned to believe 
them 
Aldous Huxley, Brave New World 


have described the ‘Covid’ hoax as a ‘Psyop’ and that is true in 

every sense and on every level in accordance with the definition of 
that term which is psychological warfare. Break down the ‘Covid 
pandemic’ to the foundation themes and it is psychological warfare 
on the human individual and collective mind. 

The same can be said for the entire human belief system involving 
every subject you can imagine. Huxley was right in his contention 
that people believe what they are conditioned to believe and this 
comes from the repetition throughout their lives of the same 
falsehoods. They spew from government, corporations, media and 
endless streams of ‘experts’ telling you what the Cult wants you to 
believe and often believing it themselves (although far from always). 
‘Experts’ are rewarded with ‘prestigious’ jobs and titles and as 
agents of perceptual programming with regular access to the media. 
The Cult has to control the narrative — control information — or they 
lose control of the vital, crucial, without-which-they-cannot-prevail 
public perception of reality. The foundation of that control today is 
the Internet made possible by the Defense Advanced Research 
Projects Agency (DARPA), the incredibly sinister technological arm 
of the Pentagon. The Internet is the result of military technology. 


DARPA openly brags about establishing the Internet which has been 
a long-term project to lasso the minds of the global population. I 
have said for decades the plan is to control information to such an 
extreme that eventually no one would see or hear anything that the 
Cult does not approve. We are closing in on that end with ferocious 
censorship since the ‘Covid’ hoax began and in my case it started 
back in the 1990s in terms of books and speaking venues. I had to 
create my own publishing company in 1995 precisely because no one 
else would publish my books even then. I think they’re all still 
running. 


Cult Internet 

To secure total control of information they needed the Internet in 
which pre-programmed algorithms can seek out ‘unclean’ content 
for deletion and even stop it being posted in the first place. The Cult 
had to dismantle print and non-Internet broadcast media to ensure 
the transfer of information to the appropriate-named ‘Web’ — a 
critical expression of the Cult web. We’ve seen the ever-quickening 
demise of traditional media and control of what is left by a tiny 
number of corporations operating worldwide. Independent 
journalism in the mainstream is already dead and never was that 
more obvious than since the turn of 2020. The Cult wants all 
information communicated via the Internet to globally censor and 
allow the plug to be pulled any time. Lockdowns and forced 
isolation has meant that communication between people has been 
through electronic means and no longer through face-to-face 
discourse and discussion. Cult psychopaths have targeted the bars, 
restaurants, sport, venues and meeting places in general for this 
reason. None of this is by chance and it’s to stop people gathering in 
any kind of privacy or number while being able to track and monitor 
all Internet communications and block them as necessary. Even 
private messages between individuals have been censored by these 
fascists that control Cult fronts like Facebook, Twitter, Google and 
YouTube which are all officially run by Sabbatian place-people and 
from the background by higher-level Sabbatian place people. 


Facebook, Google, Amazon and their like were seed-funded and 
supported into existence with money-no-object infusions of funds 
either directly or indirectly from DARPA and CIA technology arm 
In-Q-Tel. The Cult plays the long game and prepares very carefully 
for big plays like ‘Covid’. Amazon is another front in the 
psychological war and pretty much controls the global market in 
book sales and increasingly publishing. Amazon’s limitless funds 
have deleted fantastic numbers of independent publishers to seize 
global domination on the way to deciding which books can be sold 
and circulated and which cannot. Moves in that direction are already 
happening. Amazon’s leading light Jeff Bezos is the grandson of 
Lawrence Preston Gise who worked with DARPA predecessor 
ARPA. Amazon has big connections to the CIA and the Pentagon. 
The plan I have long described went like this: 


1. Employ military technology to establish the Internet. 


2. Sell the Internet as a place where people can freely communicate without censorship and 
allow that to happen until the Net becomes the central and irreversible pillar of human 
society. If the Internet had been highly censored from the start many would have rejected it. 


3. Fund and manipulate major corporations into being to control the circulation of 
information on your Internet using cover stories about geeks in garages to explain how they 
came about. Give them unlimited funds to expand rapidly with no need to make a profit for 
years while non-Cult companies who need to balance the books cannot compete. You know 
that in these circumstances your Googles, YouTubes, Facebooks and Amazons are going to 
secure near monopolies by either crushing or buying up the opposition. 


4. Allow freedom of expression on both the Internet and communication platforms to draw 
people in until the Internet is the central and irreversible pillar of human society and your 
communication corporations have reached a stage of near monopoly domination. 


5. Then unleash your always-planned frenzy of censorship on the basis of ‘where else are 
you going to go?’ and continue to expand that until nothing remains that the Cult does not 
want its human targets to see. 


The process was timed to hit the “Covid’ hoax to ensure the best 
chance possible of controlling the narrative which they knew they 
had to do at all costs. They were, after all, about to unleash a ‘deadly 
virus’ that didn’t really exist. If you do that in an environment of 
free-flowing information and opinion you would be dead in the 


water before you could say Gates is a psychopath. The network was 
in place through which the Cult-created-and-owned World Health 
Organization could dictate the ‘Covid’ narrative and response policy 
slavishly supported by Cult-owned Internet communication giants 
and mainstream media while those telling a different story were 
censored. Google, YouTube, Facebook and Twitter openly 
announced that they would do this. What else would we expect from 
Cult-owned operations like Facebook which former executives have 
confirmed set out to make the platform more addictive than 
cigarettes and coldly manipulates emotions of its users to sow 
division between people and groups and scramble the minds of the 
young? If Zuckerberg lives out the rest of his life without going to 
jail for crimes against humanity, and most emphatically against the 
young, it will be a travesty of justice. Still, no matter, cause and effect 
will catch up with him eventually and the same with Sergey Brin 
and Larry Page at Google with its CEO Sundar Pichai who fix the 
Google search results to promote Cult narratives and hide the 
opposition. Put the same key words into Google and other search 
engines like DuckDuckGo and you will see how different results can 
be. Wikipedia is another intensely biased ‘encyclopaedia’ which 
skews its content to the Cult agenda. YouTube links to Wikipedia’s 
version of ‘Covid’ and ‘climate change’ on video pages in which 
experts in their field offer a different opinion (even that is 
increasingly rare with Wojcicki censorship). Into this “Covid’ silence- 
them network must be added government media censors, sorry 
‘regulators’, such as Ofcom in the UK which imposed tyrannical 
restrictions on British broadcasters that had the effect of banning me 
from ever appearing. Just to debate with me about my evidence and 
views on ‘Covid’ would mean breaking the fascistic impositions of 
Ofcom and its CEO career government bureaucrat Melanie Dawes. 
Gutless British broadcasters tremble at the very thought of fascist 
Ofcom. 


The reason for the ‘Covid’ catastrophe in all its facets and forms can 
be seen by whom and what is driving the policies worldwide in such 
a coordinated way. Decisions are not being made to protect health, 
but to target psychology. The dominant group guiding and 
‘advising’ government policy are not medical professionals. They are 
psychologists and behavioural scientists. Every major country has its 
own version of this phenomenon and I'll use the British example to 
show how it works. In many ways the British version has been 
affecting the wider world in the form of the huge behaviour 
manipulation network in the UK which operates in other countries. 
The network involves private companies, government, intelligence 
and military. The Cabinet Office is at the centre of the government 
‘Covid’ Psyop and part-owns, with ‘innovation charity’ Nesta, the 
Behavioural Insights Team (BIT) which claims to be independent of 
government but patently isn’t. The BIT was established in 2010 and 
its job is to manipulate the psyche of the population to acquiesce to 
government demands and so much more. It is also known as the 
‘Nudge Unit’, a name inspired by the 2009 book by two ultra- 
Zionists, Cass Sunstein and Richard Thaler, called Nudge: Improving 
Decisions About Health, Wealth, and Happiness. The book, as with the 
Behavioural Insights Team, seeks to ‘nudge’ behaviour (manipulate 
it) to make the public follow patterns of action and perception that 
suit those in authority (the Cult). Sunstein is so skilled at this that he 
advises the World Health Organization and the UK Behavioural 
Insights Team and was Administrator of the White House Office of 
Information and Regulatory Affairs in the Obama administration. 
Biden appointed him to the Department of Homeland Security — 
another ultra-Zionist in the fold to oversee new immigration laws 
which is another policy the Cult wants to control. Sunstein is 
desperate to silence anyone exposing conspiracies and co-authored a 
2008 report on the subject in which suggestions were offered to ban 
‘conspiracy theorizing’ or impose ‘some kind of tax, financial or 
otherwise, on those who disseminate such theories’. I guess a 
psychiatrist’s chair is out of the question? 


Sunstein’s mate Richard Thaler, an ‘academic affiliate’ of the UK 
Behavioural Insights Team, is a proponent of ‘behavioural 
economics’ which is defined as the study of ‘the effects of 
psychological, cognitive, emotional, cultural and social factors on the 
decisions of individuals and institutions’. Study the effects so they 
can be manipulated to be what you want them to be. Other leading 
names in the development of behavioural economics are ultra- 
Zionists Daniel Kahneman and Robert J. Shiller and they, with 
Thaler, won the Nobel Memorial Prize in Economic Sciences for their 
work in this field. The Behavioural Insights Team is operating at the 
heart of the UK government and has expanded globally through 
partnerships with several universities including Harvard, Oxford, 
Cambridge, University College London (UCL) and Pennsylvania. 
They claim to have ‘trained’ (reframed) 20,000 civil servants and run 
more than 750 projects involving 400 randomised controlled trials in 
dozens of countries’ as another version of mind reframers Common 
Purpose. BIT works from its office in New York with cities and their 
agencies, as well as other partners, across the United States and 
Canada — this is a company part-owned by the British government 
Cabinet Office. An executive order by President Cult-servant Obama 
established a US Social and Behavioral Sciences Team in 2015. They 
all have the same reason for being and that’s to brainwash the 
population directly and by brainwashing those in positions of 
authority. 


‘Covid’ mind game 

Another prime aspect of the UK mind-control network is the 
‘independent’ [joke] Scientific Pandemic Insights Group on 
Behaviours (SPI-B) which ‘provides behavioural science advice 
aimed at anticipating and helping people adhere to interventions 
that are recommended by medical or epidemiological experts’. That 
means manipulating public perception and behaviour to do 
whatever government tells them to do. It’s disgusting and if they 
really want the public to be ‘safe’ this lot should all be under lock 
and key. According to the government website SPI-B consists of 


‘behavioural scientists, health and social psychologists, 
anthropologists and historians’ and advises the Whitty-Vallance-led 
Scientific Advisory Group for Emergencies (SAGE) which in turn 
advises the government on ‘the science’ (it doesn’t) and ‘Covid’ 
policy. When politicians say they are being guided by ‘the science’ 
this is the rabble in each country they are talking about and that 
‘science’ is dominated by behaviour manipulators to enforce 
government fascism through public compliance. The Behaviour 
Insight Team is headed by psychologist David Solomon Halpern, a 
visiting professor at King’s College London, and connects with a 
national and global web of other civilian and military organisations 
as the Cult moves towards its goal of fusing them into one fascistic 
whole in every country through its ‘Fusion Doctrine’. The behaviour 
manipulation network involves, but is not confined to, the Foreign 
Office; National Security Council; government communications 
headquarters (GCHQ); MI5; MI6; the Cabinet Office-based Media 
Monitoring Unit; and the Rapid Response Unit which ‘monitors 
digital trends to spot emerging issues; including misinformation and 
disinformation; and identifies the best way to respond’. 

There is also the 77th Brigade of the UK military which operates 
like the notorious Israeli military’s Unit 8200 in manipulating 
information and discussion on the Internet by posing as members of 
the public to promote the narrative and discredit those who 
challenge it. Here we have the military seeking to manipulate 
domestic public opinion while the Nazis in government are fine with 
that. Conservative Member of Parliament Tobias Ellwood, an 
advocate of lockdown and control through ‘vaccine passports’, is a 
Lieutenant Colonel reservist in the 77th Brigade which connects with 
the military operation jHub, the ‘innovation centre’ for the Ministry 
of Defence and Strategic Command. jHub has also been involved 
with the civilian National Health Service (NHS) in ‘symptom 
tracing’ the population. The NHS is a key part of this mind control 
network and produced a document in December, 2020, explaining to 
staff how to use psychological manipulation with different groups 
and ages to get them to have the DNA-manipulating ‘Covid vaccine’ 


that’s designed to cumulatively rewrite human genetics. The 
document, called ‘Optimising Vaccination Roll Out — Do’s and Dont’s 
for all messaging, documents and “communications” in the widest 
sense’, was published by NHS England and the NHS Improvement 
Behaviour Change Unit in partnership with Public Health England 
and Warwick Business School. I hear the mantra about ‘save the 
NHS’ and ‘protect the NHS’ when we need to scrap the NHS and 
start again. The current version is far too corrupt, far too anti-human 
and totally compromised by Cult operatives and their assets. UK 
government broadcast media censor Ofcom will connect into this 
web — as will the BBC with its tremendous Ofcom influence — to 
control what the public see and hear and dictate mass perception. 
Nuremberg trials must include personnel from all these 
organisations. 


The fear factor 

The ‘Covid’ hoax has led to the creation of the UK Cabinet Office- 
connected Joint Biosecurity Centre (JBC) which is officially described 
as providing ‘expert advice on pandemics’ using its independent [all 
Cult operations are ‘independent’] analytical function to provide 
real-time analysis about infection outbreaks to identify and respond 
to outbreaks of Covid-19’. Another role is to advise the government 
on a response to spikes in infections — ‘for example by closing 
schools or workplaces in local areas where infection levels have 
risen’. Put another way, promoting the Cult agenda. The Joint 
Biosecurity Centre is modelled on the Joint Terrorism Analysis 
Centre which analyses intelligence to set ‘terrorism threat levels’ and 
here again you see the fusion of civilian and military operations and 
intelligence that has led to military intelligence producing 
documents about ‘vaccine hesitancy’ and how it can be combated. 
Domestic civilian matters and opinions should not be the business of 
the military. The Joint Biosecurity Centre is headed by Tom Hurd, 
director general of the Office for Security and Counter-Terrorism 
from the establishment-to-its-fingertips Hurd family. His father is 
former Foreign Secretary Douglas Hurd. How coincidental that Tom 


Hurd went to the elite Eton College and Oxford University with 
Boris Johnson. Imperial College with its ridiculous computer 
modeller Neil Ferguson will connect with this gigantic web that will 
itself interconnect with similar set-ups in other major and not so 
major countries. Compared with this Cult network the politicians, be 
they Boris Johnson, Donald Trump or Joe Biden, are bit-part players 
‘following the science’. The network of psychologists was on the 
‘Covid’ case from the start with the aim of generating maximum fear 
of the ‘virus’ to ensure compliance by the population. A government 
behavioural science group known as SPI-B produced a paper in 
March, 2020, for discussion by the main government science 
advisory group known as SAGE. It was headed ‘Options for 
increasing adherence to social distancing measures’ and it said the 
following in a section headed ‘Persuasion’: 


e A substantial number of people still do not feel sufficiently 
personally threatened; it could be that they are reassured by the 
low death rate in their demographic group, although levels of 
concern may be rising. Having a good understanding of the risk 
has been found to be positively associated with adoption of 
COVID-19 social distancing measures in Hong Kong. 


e The perceived level of personal threat needs to be increased 
among those who are complacent, using hard-hitting evaluation 
of options for increasing social distancing emotional messaging. 
To be effective this must also empower people by making clear 
the actions they can take to reduce the threat. 


¢ Responsibility to others: There seems to be insufficient 
understanding of, or feelings of responsibility about, people’s role 
in transmitting the infection to others ... Messaging about actions 
need to be framed positively in terms of protecting oneself and 
the community, and increase confidence that they will be effective. 


¢ Some people will be more persuaded by appeals to play by the 
rules, some by duty to the community, and some to personal risk. 


All these different approaches are needed. The messaging also 
needs to take account of the realities of different people’s lives. 
Messaging needs to take account of the different motivational 
levers and circumstances of different people. 


All this could be achieved the SPI-B psychologists said by using the 
media to increase the sense of personal threat which translates as terrify 
the shit out of the population, including children, so they all do what 
we want. That’s not happened has it? Those excuses for ‘journalists’ 
who wouldn’t know journalism if it bit them on the arse (the great 
majority) have played their crucial part in serving this Cult- 
government Psyop to enslave their own kids and grandkids. How 
they live with themselves I have no idea. The psychological war has 
been underpinned by constant government ‘Covid’ propaganda in 
almost every television and radio ad break, plus the Internet and 
print media, which has pounded out the fear with taxpayers footing 
the bill for their own programming. The result has been people 
terrified of a ‘virus’ that doesn’t exist or one with a tiny fatality rate 
even if you believe it does. People walk down the street and around 
the shops wearing face-nappies damaging their health and 
psychology while others report those who refuse to be that naive to 
the police who turn up in their own face-nappies. I had a cameraman 
come to my flat and he was so frightened of ‘Covid’ he came in 
wearing a mask and refused to shake my hand in case he caught 
something. He had — naiveitis — and the thought that he worked in 
the mainstream media was both depressing and made his behaviour 
perfectly explainable. The fear which has gripped the minds of so 
many and frozen them into compliance has been carefully cultivated 
by these psychologists who are really psychopaths. If lives get 
destroyed and a lot of young people commit suicide it shows our 
plan is working. SPI-B then turned to compulsion on the public to 
comply. ‘With adequate preparation, rapid change can be achieved’, 
it said. Some countries had introduced mandatory self-isolation on a 
wide scale without evidence of major public unrest and a large 
majority of the UK’s population appeared to be supportive of more 
coercive measures with 64 percent of adults saying they would 


support putting London under a lockdown (watch the ‘polls’ which 
are designed to make people believe that public opinion is in favour 
or against whatever the subject in hand). 


For ‘aggressive protective measures’ to be effective, the SPI-B 
paper said, special attention should be devoted to those population 
groups that are more at risk. Translated from the Orwellian this 
means making the rest of population feel guilty for not protecting 
the ‘vulnerable’ such as old people which the Cult and its agencies 
were about to kill on an industrial scale with lockdown, lack of 
treatment and the Gates ‘vaccine’. Psychopath psychologists sold 
their guilt-trip so comprehensively that Los Angeles County 
Supervisor Hilda Solis reported that children were apologising (from 
a distance) to their parents and grandparents for bringing ‘Covid’ 
into their homes and getting them sick. ‘... These apologies are just 
some of the last words that loved ones will ever hear as they die 
alone,’ she said. Gut-wrenchingly Solis then used this childhood 
tragedy to tell children to stay at home and ‘keep your loved ones 
alive’. Imagine heaping such potentially life-long guilt on a kid when 
it has absolutely nothing to do with them. These people are deeply 
disturbed and the psychologists behind this even more so. 


Uncivil war — divide and rule 

Professional mind-controllers at SPI-B wanted the media to increase 
a sense of responsibility to others (do as you're told) and promote 
‘positive messaging’ for those actions while in contrast to invoke 
‘social disapproval’ by the unquestioning, obedient, community of 
anyone with a mind of their own. Again the compliant Goebbels-like 
media obliged. This is an old, old, trick employed by tyrannies the 
world over throughout human history. You get the target population 
to keep the target population in line — your line. SPI-B said this could 
‘play an important role in preventing anti-social behaviour or 
discouraging failure to enact pro-social behaviour’. For ‘anti-social’ 
in the Orwellian parlance of SPI-B see any behaviour that 
government doesn’t approve. SPI-B recommendations said that 
‘social disapproval’ should be accompanied by clear messaging and 


promotion of strong collective identity — hence the government and 
celebrity mantra of ‘we're all in this together’. Sure we are. The mind 
doctors have such contempt for their targets that they think some 
clueless comedian, actor or singer telling them to do what the 
government wants will be enough to win them over. We have had 
UK comedian Lenny Henry, actor Michael Caine and singer Elton 
John wheeled out to serve the propagandists by urging people to 
have the DNA-manipulating “Covid’ non-’vaccine’. The role of 
Henry and fellow black celebrities in seeking to coax a ‘vaccine’ 
reluctant black community into doing the government's will was 
especially stomach-turning. An emotion-manipulating script and 
carefully edited video featuring these black ‘celebs’ was such an 
insult to the intelligence of black people and where’s the self-respect 
of those involved selling their souls to a fascist government agenda? 
Henry said he heard black people’s ‘legitimate worries and 
concerns’, but people must “trust the facts’ when they were doing 
exactly that by not having the ‘vaccine’. They had to include the 
obligatory reference to Black Lives Matter with the line ... ‘Don’t let 
coronavirus cost even more black lives — because we matter’. My 
god, it was pathetic. ‘I know the vaccine is safe and what it does.’ 
How? ‘I’m a comedian and it says so in my script.’ 


SPI-B said social disapproval needed to be carefully managed to 
avoid victimisation, scapegoating and misdirected criticism, but they 
knew that their ‘recommendations’ would lead to exactly that and 
the media were specifically used to stir-up the divide-and-conquer 
hostility. Those who conform like good little baa, baas, are praised 
while those who have seen through the tidal wave of lies are 
‘Covidiots’. The awake have been abused by the fast asleep for not 
conforming to fascism and impositions that the awake know are 
designed to endanger their health, dehumanise them, and tear 
asunder the very fabric of human society. We have had the curtain- 
twitchers and morons reporting neighbours and others to the face- 
nappied police for breaking ‘Covid rules’ with fascist police 
delighting in posting links and phone numbers where this could be 
done. The Cult cannot impose its will without a compliant police 


and military or a compliant population willing to play their part in 
enslaving themselves and their kids. The words of a pastor in Nazi 
Germany are so appropriate today: 


First they came for the socialists and | did not speak out because | was not a socialist. 


Then they came for the trade unionists and | did not speak out because | was not a trade 
unionist. 


Then they came for the Jews and | did not speak out because | was not a Jew. 


Then they came for me and there was no one left to speak for me. 


Those who don’t learn from history are destined to repeat it and so 
many are. 


‘Covid' rules: Rewiring the mind 

With the background laid out to this gigantic national and global 
web of psychological manipulation we can put ‘Covid’ rules into a 
clear and sinister perspective. Forget the claims about protecting 
health. ‘Covid’ rules are about dismantling the human mind, 
breaking the human spirit, destroying self-respect, and then putting 
Humpty Dumpty together again as a servile, submissive slave. Social 
isolation through lockdown and distancing have devastating effects 
on the human psyche as the psychological psychopaths well know 
and that’s the real reason for them. Humans need contact with each 
other, discourse, closeness and touch, or they eventually, and 
literarily, go crazy. Masks, which I will address at some length, 
fundamentally add to the effects of isolation and the Cult agenda to 
dehumanise and de-individualise the population. To do this while 
knowing — in fact seeking — this outcome is the very epitome of evil 
and psychologists involved in this are the epitome of evil. They must 
like all the rest of the Cult demons and their assets stand trial for 
crimes against humanity on a scale that defies the imagination. 
Psychopaths in uniform use isolation to break enemy troops and 
agents and make them subservient and submissive to tell what they 
know. The technique is rightly considered a form of torture and 


torture is most certainly what has been imposed on the human 
population. 

Clinically-insane American psychologist Harry Harlow became 
famous for his isolation experiments in the 1950s in which he 
separated baby monkeys from their mothers and imprisoned them 
for months on end in a metal container or ‘pit of despair’. They soon 
began to show mental distress and depression as any idiot could 
have predicted. Harlow put other monkeys in steel chambers for 
three, six or twelve months while denying them any contact with 
animals or humans. He said that the effects of total social isolation 
for six months were ‘so devastating and debilitating that we had 
assumed initially that twelve months of isolation would not produce 
any additional decrement’; but twelve months of isolation ‘almost 
obliterated the animals socially’. This is what the Cult and its 
psychopaths are doing to you and your children. Even monkeys in 
partial isolation in which they were not allowed to form 
relationships with other monkeys became ‘aggressive and hostile, 
not only to others, but also towards their own bodies’. We have seen 
this in the young as a consequence of lockdown. UK government 
psychopaths launched a public relations campaign telling people not 
to hug each other even after they received the ‘Covid-19 vaccine’ 
which we were told with more lies would allow a return to ‘normal 
life’. A government source told The Telegraph: ‘It will be along the 
lines that it is great that you have been vaccinated, but if you are 
going to visit your family and hug your grandchildren there is a 
chance you are going to infect people you love.’ The source was 
apparently speaking from a secure psychiatric facility. Janet Lord, 
director of Birmingham University’s Institute of Inflammation and 
Ageing, said that parents and grandparents should avoid hugging 
their children. Well, how can I put it, Ms Lord? Fuck off. Yep, that'll 
do. 


Destroying the kids — where are the parents? 
Observe what has happened to people enslaved and isolated by 
lockdown as suicide and self-harm has soared worldwide, 


particularly among the young denied the freedom to associate with 
their friends. A study of 49,000 people in English-speaking countries 
concluded that almost half of young adults are at clinical risk of 
mental health disorders. A national survey in America of 1,000 
currently enrolled high school and college students found that 5 
percent reported attempting suicide during the pandemic. Data from 
the US CDC’s National Syndromic Surveillance Program from 
January 1st to October 17th, 2020, revealed a 31 percent increase in 
mental health issues among adolescents aged 12 to 17 compared 
with 2019. The CDC reported that America in general suffered the 
biggest drop in life expectancy since World War Two as it fell by a 
year in the first half of 2020 as a result of ‘deaths of despair’ — 
overdoses and suicides. Deaths of despair have leapt by more than 
20 percent during lockdown and include the highest number of fatal 
overdoses ever recorded in a single year — 81,000. Internet addiction 
is another consequence of being isolated at home which lowers 
interest in physical activities as kids fall into inertia and what's the 
point? Children and young people are losing hope and giving up on 
life, sometimes literally. A 14-year-old boy killed himself in 
Maryland because he had ‘given up’ when his school district didn’t 
reopen; an 11-year-old boy shot himself during a zoom class; a 
teenager in Maine succumbed to the isolation of the ‘pandemic’ 
when he ended his life after experiencing a disrupted senior year at 
school. Children as young as nine have taken their life and all these 
stories can be repeated around the world. Careers are being 
destroyed before they start and that includes those in sport in which 
promising youngsters have not been able to take part. The plan of 
the psycho-psychologists is working all right. Researchers at 
Cambridge University found that lockdowns cause significant harm 
to children’s mental health. Their study was published in the 
Archives of Disease in Childhood, and followed 168 children aged 
between 7 and 11. The researchers concluded: 


During the UK lockdown, children’s depression symptoms have increased substantially, 
relative to before lockdown. The scale of this effect has direct relevance for the continuation 
of different elements of lockdown policy, such as complete or partial school closures ... 


... Specifically, we observed a statistically significant increase in ratings of depression, with a 
medium-to-large effect size. Our findings emphasise the need to incorporate the potential 
impact of lockdown on child mental health in planning the ongoing response to the global 
pandemic and the recovery from it. 


Not a chance when the Cult’s psycho-psychologists were getting 
exactly what they wanted. The UK’s Royal College of Paediatrics and 
Child Health has urged parents to look for signs of eating disorders 
in children and young people after a three to four fold increase. 
Specialists say the ‘pandemic’ is a major reason behind the rise. You 
don’t say. The College said isolation from friends during school 
closures, exam cancellations, loss of extra-curricular activities like 
sport, and an increased use of social media were all contributory 
factors along with fears about the virus (psycho-psychologists 
again), family finances, and students being forced to quarantine. 
Doctors said young people were becoming severely ill by the time 
they were seen with ‘Covid’ regulations reducing face-to-face 
consultations. Nor is it only the young that have been devastated by 
the psychopaths. Like all bullies and cowards the Cult is targeting 
the young, elderly, weak and infirm. A typical story was told by a 
British lady called Lynn Parker who was not allowed to visit her 
husband in 2020 for the last ten and half months of his life ‘when he 
needed me most’ between March 20th and when he died on 
December 19th. This vacates the criminal and enters the territory of 
evil. The emotional impact on the immune system alone is immense 
as are the number of people of all ages worldwide who have died as 
a result of Cult-demanded, Gates-demanded, lockdowns. 


Isolation is torture 


The experience of imposing solitary confinement on millions of 
prisoners around the world has shown how a large percentage 
become ‘actively psychotic and/or acutely suicidal’. Social isolation 
has been found to trigger ‘a specific psychiatric syndrome, 
characterized by hallucinations; panic attacks; overt paranoia; 
diminished impulse control; hypersensitivity to external stimuli; and 
difficulties with thinking, concentration and memory’. Juan Mendez, 


a United Nations rapporteur (investigator), said that isolation is a 
form of torture. Research has shown that even after isolation 
prisoners find it far more difficult to make social connections and I 
remember chatting to a shop assistant after one lockdown who told 
me that when her young son met another child again he had no idea 
how to act or what to do. Hannah Flanagan, Director of Emergency 
Services at Journey Mental Health Center in Dane County, 
Wisconsin, said: ‘The specificity about Covid social distancing and 
isolation that we’ve come across as contributing factors to the 
suicides are really new to us this year.’ But they are not new to those 
that devised them. They are getting the effect they want as the 
population is psychologically dismantled to be rebuilt in a totally 
different way. Children and the young are particularly targeted. 
They will be the adults when the full-on fascist Al-controlled 
technocracy is planned to be imposed and they are being prepared 
to meekly submit. At the same time older people who still have a 
memory of what life was like before — and how fascist the new 
normal really is — are being deleted. You are going to see efforts to 
turn the young against the old to support this geriatric genocide. 
Hannah Flanagan said the big increase in suicide in her county 
proved that social isolation is not only harmful, but deadly. Studies 
have shown that isolation from others is one of the main risk factors 
in suicide and even more so with women. Warnings that lockdown 
could create a ‘perfect storm’ for suicide were ignored. After all this 
was one of the reasons for lockdown. Suicide, however, is only the 
most extreme of isolation consequences. There are many others. Dr 
Dhruv Khullar, assistant professor of healthcare policy at Weill 
Cornell Medical College, said in a New York Times article in 2016 long 
before the fake ‘pandemic’: 


A wave of new research suggests social separation is bad for us. Individuals with less social 
connection have disrupted sleep patterns, altered immune systems, more inflammation and 
higher levels of stress hormones. One recent study found that isolation increases the risk of 
heart disease by 29 percent and stroke by 32 percent. Another analysis that pooled data from 
70 studies and 3.4 million people found that socially isolated individuals had a 30 percent 
higher risk of dying in the next seven years, and that this effect was largest in middle age. 


Loneliness can accelerate cognitive decline in older adults, and isolated individuals are twice 
as likely to die prematurely as those with more robust social interactions. These effects start 
early: Socially isolated children have significantly poorer health 20 years later, even after 
controlling for other factors. All told, loneliness is as important a risk factor for early death as 
obesity and smoking. 


There you have proof from that one article alone four years before 
2020 that those who have enforced lockdown, social distancing and 
isolation knew what the effect would be and that is even more so 
with professional psychologists that have been driving the policy 
across the globe. We can go back even further to the years 2000 and 
2003 and the start of a major study on the effects of isolation on 
health by Dr Janine Gronewold and Professor Dirk M. Hermann at 
the University Hospital in Essen, Germany, who analysed data on 
4,316 people with an average age of 59 who were recruited for the 
long-term research project. They found that socially isolated people 
are more than 40 percent more likely to have a heart attack, stroke, 
or other major cardiovascular event and nearly 50 percent more 
likely to die from any cause. Given the financial Armageddon 
unleashed by lockdown we should note that the study found a 
relationship between increased cardiovascular risk and lack of 
financial support. After excluding other factors social isolation was 
still connected to a 44 percent increased risk of cardiovascular 
problems and a 47 percent increased risk of death by any cause. Lack 
of financial support was associated with a 30 percent increase in the 
risk of cardiovascular health events. Dr Gronewold said it had been 
known for some time that feeling lonely or lacking contact with close 
friends and family can have an impact on physical health and the 
study had shown that having strong social relationships is of high 
importance for heart health. Gronewold said they didn’t understand 
yet why people who are socially isolated have such poor health 
outcomes, but this was obviously a worrying finding, particularly 
during these times of prolonged social distancing. Well, it can be 
explained on many levels. You only have to identify the point in the 
body where people feel loneliness and missing people they are 
parted from — it’s in the centre of the chest where they feel the ache 
of loneliness and the ache of missing people. ‘My heart aches for 


you’ ... ‘My heart aches for some company.’ I will explain this more 
in the chapter Escaping Wetiko, but when you realise that the body 
is the mind — they are expressions of each other — the reason why 
state of the mind dictates state of the body becomes clear. 


American psychologist Ranjit Powar was highlighting the effects 
of lockdown isolation as early as April, 2020. She said humans have 
evolved to be social creatures and are wired to live in interactive 
groups. Being isolated from family, friends and colleagues could be 
unbalancing and traumatic for most people and could result in short 
or even long-term psychological and physical health problems. An 
increase in levels of anxiety, aggression, depression, forgetfulness 
and hallucinations were possible psychological effects of isolation. 
‘Mental conditions may be precipitated for those with underlying 
pre-existing susceptibilities and show up in many others without 
any pre-condition.” Powar said personal relationships helped us cope 
with stress and if we lost this outlet for letting off steam the result 
can be a big emotional void which, for an average person, was 
difficult to deal with. ‘Just a few days of isolation can cause 
increased levels of anxiety and depression’ — so what the hell has 
been the effect on the global population of 18 months of this at the 
time of writing? Powar said: ‘Add to it the looming threat of a 
dreadful disease being repeatedly hammered in through the media 
and you have a recipe for many shades of mental and physical 
distress.’ For those with a house and a garden it is easy to forget that 
billions have had to endure lockdown isolation in tiny overcrowded 
flats and apartments with nowhere to go outside. The psychological 
and physical consequences of this are unimaginable and with lunatic 
and abusive partners and parents the consequences have led to 
tremendous increases in domestic and child abuse and alcoholism as 
people seek to shut out the horror. Ranjit Powar said: 


Staying in a confined space with family is not all a rosy picture for everyone. It can be 
extremely oppressive and claustrophobic for large low-income families huddled together in 
small single-room houses. Children here are not lucky enough to have many board/electronic 
games or books to keep them occupied. 


Add to it the deep insecurity of running out of funds for food and basic necessities. On the 
other hand, there are people with dysfunctional family dynamics, such as domineering, 
abusive or alcoholic partners, siblings or parents which makes staying home a period of trial. 
Incidence of suicide and physical abuse against women has shown a worldwide increase. 
Heightened anxiety and depression also affect a person’s immune system, making them more 
susceptible to illness. 


To think that Powar’s article was published on April 11th, 2020. 


Six-feet fantasy 

Social (unsocial) distancing demanded that people stay six feet or 
two metres apart. UK government advisor Robert Dingwall from the 
New and Emerging Respiratory Virus Threats Advisory Group said 
in a radio interview that the two-metre rule was ‘conjured up out of 
nowhere’ and was not based on science. No, it was not based on 
medical science, but it didn’t come out of nowhere. The distance 
related to psychological science. Six feet/two metres was adopted in 
many countries and we were told by people like the criminal 
Anthony Fauci and his ilk that it was founded on science. Many 
schools could not reopen because they did not have the space for six- 
feet distancing. Then in March, 2021, after a year of six-feet ‘science’, 
a study published in the Journal of Infectious Diseases involving more 
than 500,000 students and almost 100,000 staff over 16 weeks 
revealed no significant difference in “‘Covid’ cases between six feet 
and three feet and Fauci changed his tune. Now three feet was okay. 
There is no difference between six feet and three inches when there is 
no ‘virus’ and they got away with six feet for psychological reasons 
for as long as they could. I hear journalists and others talk about 
‘unintended consequences’ of lockdown. They are not unintended at 
all; they have been coldly-calculated for a specific outcome of human 
control and that’s why super-psychopaths like Gates have called for 
them so vehemently. Super-psychopath psychologists have 
demanded them and psychopathic or clueless, spineless, politicians 
have gone along with them by ‘following the science’. But it’s not 
science at all. ‘Science’ is not what is; it’s only what people can be 
manipulated to believe it is. The whole ‘Covid’ catastrophe is 


founded on mind control. Three word or three statement mantras 
issued by the UK government are a well-known mind control 
technique and so we’ve had ‘Stay home/protect the NHS/save lives’, 
‘Stay alert/control the virus/save lives’ and ‘hands/face/space’. One 
of the most vocal proponents of extreme ‘Covid’ rules in the UK has 
been Professor Susan Michie, a member of the British Communist 
Party, who is not a medical professional. Michie is the director of the 
Centre for Behaviour Change at University College London. She is a 
behavioural psychologist and another filthy rich ‘Marxist’ who praised 
China’s draconian lockdown. She was known by fellow students at 
Oxford University as ‘Stalin’s nanny’ for her extreme Marxism. 
Michie is an influential member of the UK government’s Scientific 
Advisory Group for Emergencies (SAGE) and behavioural 
manipulation groups which have dominated ‘Covid’ policy. She is a 
consultant adviser to the World Health Organization on ‘Covid-19’ 
and behaviour. Why the hell are lockdowns anything to do with her 
when they are claimed to be about health? Why does a behavioural 
psychologist from a group charged with changing the behaviour of 
the public want lockdown, human isolation and mandatory masks? 
Does that question really need an answer? Michie absolutely has to 
explain herself before a Nuremberg court when humanity takes back 
its world again and even more so when you see the consequences of 
masks that she demands are compulsory. This is a Michie classic: 


The benefits of getting primary school children to wear masks is that regardless of what little 
degree of transmission is occurring in those age groups it could help normalise the practice. 
Young children wearing masks may be more likely to get their families to accept masks. 


Those words alone should carry a prison sentence when you 
ponder on the callous disregard for children involved and what a 
statement it makes about the mind and motivations of Susan Michie. 
What a lovely lady and what she said there encapsulates the 
mentality of the psychopaths behind the ‘Covid’ horror. Let us 
compare what Michie said with a countrywide study in Germany 
published at researchsquare.com involving 25,000 school children 
and 17,854 health complaints submitted by parents. Researchers 


found that masks are harming children physically, psychologically, 
and behaviourally with 24 health issues associated with mask 
wearing. They include: shortness of breath (29.7%); dizziness 
(26.4%); increased headaches (53%); difficulty concentrating (50%); 
drowsiness or fatigue (37%); and malaise (42%). Nearly a third of 
children experienced more sleep issues than before and a quarter 
developed new fears. Researchers found health issues and other 
impairments in 68 percent of masked children covering their faces 
for an average of 4.5 hours a day. Hundreds of those taking part 
experienced accelerated respiration, tightness in the chest, weakness, 
and short-term impairment of consciousness. A reminder of what 
Michie said again: 


The benefits of getting primary school children to wear masks is that regardless of what little 
degree of transmission is occurring in those age groups it could help normalise the practice. 
Young children wearing masks may be more likely to get their families to accept masks. 


Psychopaths in government and psychology now have children and 
young people — plus all the adults — wearing masks for hours on end 
while clueless teachers impose the will of the psychopaths on the 
young they should be protecting. What the hell are parents doing? 


We have some schools already imposing on students microchipped 
buzzers that activate when they get ‘too close’ to their pals in the 
way they do with lab rats. How apt. To the Cult and its brain-dead 
servants our children are lab rats being conditioned to be 
unquestioning, dehumanised slaves for the rest of their lives. 
Children and young people are being weaned and frightened away 
from the most natural human instincts including closeness and 
touch. I have tracked in the books over the years how schools were 
banning pupils from greeting each other with a hug and the whole 
Cult-induced Me Too movement has terrified men and boys from a 
relaxed and natural interaction with female friends and work 
colleagues to the point where many men try never to be in a room 


alone with a woman that’s not their partner. Airhead celebrities have 
as always played their virtue-signalling part in making this happen 
with their gross exaggeration. For every monster like Harvey 
Weinstein there are at least tens of thousands of men that don’t treat 
women like that; but everyone must be branded the same and policy 
changed for them as well as the monster. Iam going to be using the 
word ‘dehumanise’ many times in this chapter because that is what 
the Cult is seeking to do and it goes very deep as we shall see. Don’t 
let them kid you that social distancing is planned to end one day. 
That’s not the idea. We are seeing more governments and companies 
funding and producing wearable gadgets to keep people apart and 
they would not be doing that if this was meant to be short-term. A 
tech start-up company backed by GCHQ, the British Intelligence and 
military surveillance headquarters, has created a social distancing 
wrist sensor that alerts people when they get too close to others. The 
CIA has also supported tech companies developing similar devices. 
The wearable sensor was developed by Tended, one of a number of 
start-up companies supported by GCHQ (see the CIA and DARPA). 
The device can be worn on the wrist or as a tag on the waistband and 
will vibrate whenever someone wearing the device breaches social 
distancing and gets anywhere near natural human contact. The 
company had a lucky break in that it was developing a distancing 
sensor when the ‘Covid’ hoax arrived which immediately provided a 
potentially enormous market. How fortunate. The government in 
big-time Cult-controlled Ontario in Canada is investing $2.5 million 
in wearable contact tracing technology that ‘will alert users if they 
may have been exposed to the Covid-19 in the workplace and will 
beep or vibrate if they are within six feet of another person’. 
Facedrive Inc., the technology company behind this, was founded in 
2016 with funding from the Ontario Together Fund and obviously 
they, too, had a prophet on the board of directors. The human 
surveillance and control technology is called TraceSCAN and would 
be worn by the human cyborgs in places such as airports, 
workplaces, construction sites, care homes and ... schools. 


I emphasise schools with children and young people the prime 
targets. You know what is planned for society as a whole if you keep 
your eyes on the schools. They have always been places where the 
state program the next generation of slaves to be its compliant 
worker-ants — or Woker-ants these days; but in the mist of the 
‘Covid’ madness they have been transformed into mind laboratories 
on a scale never seen before. Teachers and head teachers are just as 
programmed as the kids — often more so. Children are kept apart 
from human interaction by walk lanes, classroom distancing, 
staggered meal times, masks, and the rolling-out of buzzer systems. 
Schools are now physically laid out as a laboratory maze for lab-rats. 
Lunatics at a school in Anchorage, Alaska, who should be 
prosecuted for child abuse, took away desks and forced children to 
kneel (know your place) on a mat for five hours a day while wearing 
a mask and using their chairs as a desk. How this was supposed to 
impact on a ‘virus’ only these clinically insane people can tell you 
and even then it would be clap-trap. The school banned recess 
(interaction), art classes (creativity), and physical exercise (getting 
body and mind moving out of inertia). Everyone behind this outrage 
should be in jail or better still a mental institution. The behavioural 
manipulators are all for this dystopian approach to schools. 
Professor Susan Michie, the mind-doctor and British Communist 
Party member, said it was wrong to say that schools were safe. They 
had to be made so by ‘distancing’, masks and ventilation (sitting all 
day in the cold). I must ask this lady round for dinner on a night I 
know I am going to be out and not back for weeks. She probably 
wouldn't be able to make it, anyway, with all the visits to her own 
psychologist she must have block-booked. 


Masking identity 

I know how shocking it must be for you that a behaviour 
manipulator like Michie wants everyone to wear masks which have 
long been a feature of mind-control programs like the infamous 
MKwUltra in the United States, but, there we are. We live and learn. I 
spent many years from 1996 to right across the millennium 


researching mind control in detail on both sides of the Atlantic and 
elsewhere. I met a large number of mind-control survivors and 
many had been held captive in body and mind by MKUltra. MK 
stands for mind-control, but employs the German spelling in 
deference to the Nazis spirited out of Germany at the end of World 
War Two by Operation Paperclip in which the US authorities, with 
help from the Vatican, transported Nazi mind-controllers and 
engineers to America to continue their work. Many of them were 
behind the creation of NASA and they included Nazi scientist and 
SS officer Wernher von Braun who swapped designing V-2 rockets to 
bombard London with designing the Saturn V rockets that powered 
the NASA moon programme’s Apollo craft. I think I may have 
mentioned that the Cult has no borders. Among Paperclip escapees 
was Josef Mengele, the Angel of Death in the Nazi concentration 
camps where he conducted mind and genetic experiments on 
children often using twins to provide a control twin to measure the 
impact of his ‘work’ on the other. If you want to observe the Cult 
mentality in all its extremes of evil then look into the life of Mengele. 
I have met many people who suffered mercilessly under Mengele in 
the United States where he operated under the name Dr Greene and 
became a stalwart of MKUltra programming and torture. Among his 
locations was the underground facility in the Mojave Desert in 
California called the China Lake Naval Weapons Station which is 
almost entirely below the surface. My books The Biggest Secret, 
Children of the Matrix and The Perception Deception have the detailed 
background to MKultra. 


The best-known MKultra survivor is American Cathy O’Brien. I 
first met her and her late partner Mark Phillips at a conference in 
Colorado in 1996. Mark helped her escape and deprogram from 
decades of captivity in an offshoot of MKUltra known as Project 
Monarch in which ‘sex slaves’ were provided for the rich and 
famous including Father George Bush, Dick Cheney and the 
Clintons. Read Cathy and Mark’s book Trance-Formation of America 
and if you are new to this you will be shocked to the core. I read it in 
1996 shortly before, with the usual synchronicity of my life, I found 


myself given a book table at the conference right next to hers. 
MkKUltra never ended despite being very publicly exposed (only a 
small part of it) in the 1970s and continues in other guises. I am still 
in touch with Cathy. She contacted me during 2020 after masks 
became compulsory in many countries to tell me how they were 
used as part of MKUltra programming. I had been observing “Covid 
regulations’ and the relationship between authority and public for 
months. I saw techniques that I knew were employed on individuals 
in MKUltra being used on the global population. I had read many 
books and manuals on mind control including one called Silent 
Weapons for Quiet Wars which came to light in the 1980s and was a 
guide on how to perceptually program on a mass scale. ‘Silent 
Weapons’ refers to mind-control. I remembered a line from the 
manual as governments, medical authorities and law enforcement 
agencies have so obviously talked to — or rather at — the adult 
population since the ‘Covid’ hoax began as if they are children. The 
document said: 


If a person is spoken to by a T.V. advertiser as if he were a twelve-year-old, then, due to 
suggestibility, he will, with a certain probability, respond or react to that suggestion with the 
uncritical response of a twelve-year-old and will reach in to his economic reservoir and 
deliver its energy to buy that product on impulse when he passes it in the store. 


That’s why authority has spoken to adults like children since all this 
began. 


Why did Michael Jackson wear masks? 

Every aspect of the ‘Covid’ narrative has mind-control as its central 
theme. Cathy O’Brien wrote an article for davidicke.com about the 
connection between masks and mind control. Her daughter Kelly 
who I first met in the 1990s was born while Cathy was still held 
captive in MKUltra. Kelly was forced to wear a mask as part of her 
programming from the age of two to dehumanise her, target her 
sense of individuality and reduce the amount of oxygen her brain 
and body received. Bingo. This is the real reason for compulsory 


masks, why they have been enforced en masse, and why they seek to 
increase the number they demand you wear. First one, then two, 
with one disgraceful alleged ‘doctor’ recommending four which is 
nothing less than a death sentence. Where and how often they must 
be worn is being expanded for the purpose of mass mind control 
and damaging respiratory health which they can call ‘Covid-19’. 
Canada’s government headed by the man-child Justin Trudeau, says 
it’s fine for children of two and older to wear masks. An insane 
‘study’ in Italy involving just 47 children concluded there was no 
problem for babies as young as four months wearing them. Even after 
people were ‘vaccinated’ they were still told to wear masks by the 
criminal that is Anthony Fauci. Cathy wrote that mandating masks 
is allowing the authorities literally to control the air we breathe 
which is what was done in MKUltra. You might recall how the 
singer Michael Jackson wore masks and there is a reason for that. He 
was subjected to MKUltra mind control through Project Monarch 
and his psyche was scrambled by these simpletons. Cathy wrote: 


In MKUltra Project Monarch mind control, Michael Jackson had to wear a mask to silence his 
voice so he could not reach out for help. Remember how he developed that whisper voice 
when he wasn’t singing? Masks control the mind from the outside in, like the redefining of 
words is doing. By controlling what we can and cannot say for fear of being labeled racist or 
beaten, for example, it ultimately controls thought that drives our words and ultimately actions 
(or lack thereof). 


Likewise, a mask muffles our speech so that we are not heard, which controls voice ... words 
... mind. This is Mind Control. Masks are an obvious mind control device, and | am disturbed 
so many people are complying on a global scale. Masks depersonalize while making a person 
feel as though they have no voice. It is a barrier to others. People who would never choose to 
comply but are forced to wear a mask in order to keep their job, and ultimately their family 
fed, are compromised. They often feel shame and are subdued. People have stopped talking 
with each other while media controls the narrative. 


The ‘no voice’ theme has often become literal with train 
passengers told not to speak to each other in case they pass on the 
‘virus’, singing banned for the same reason and bonkers California 
officials telling people riding roller coasters that they cannot shout 
and scream. Cathy said she heard every day from healed MKUltra 
survivors who cannot wear a mask without flashing back on ways 


their breathing was controlled — ‘from ball gags and penises to water 
boarding’. She said that through the years when she saw images of 
people in China wearing masks ‘due to pollution’ that it was really 
to control their oxygen levels. ‘I knew it was as much of a population 
control mechanism of depersonalisation as are burkas’, she said. 
Masks are another Chinese communist/fascist method of control that 
has been swept across the West as the West becomes China at 
lightning speed since we entered 2020. 


Mask-19 


There are other reasons for mandatory masks and these include 
destroying respiratory health to call it ‘Covid-19’ and stunting brain 
development of children and the young. Dr Margarite Griesz- 
Brisson MD, PhD, is a Consultant Neurologist and 
Neurophysiologist and the Founder and Medical Director of the 
London Neurology and Pain Clinic. Her CV goes down the street 
and round the corner. She is clearly someone who cares about people 
and won't parrot the propaganda. Griesz-Brisson has a PhD in 
pharmacology, with special interest in neurotoxicology, 
environmental medicine, neuroregeneration and neuroplasticity (the 
way the brain can change in the light of information received). She 
went public in October, 2020, with a passionate warning about the 
effects of mask-wearing laws: 


The reinhalation of our exhaled air will without a doubt create oxygen deficiency and a 
flooding of carbon dioxide. We know that the human brain is very sensitive to oxygen 
deprivation. There are nerve cells for example in the hippocampus that can’t be longer than 3 
minutes without oxygen — they cannot survive. The acute warning symptoms are headaches, 
drowsiness, dizziness, issues in concentration, slowing down of reaction time — reactions of 
the cognitive system. 


Oh, I know, let’s tell bus, truck and taxi drivers to wear them and 
people working machinery. How about pilots, doctors and police? 
Griesz-Brisson makes the important point that while the symptoms 
she mentions may fade as the body readjusts this does not alter the 
fact that people continue to operate in oxygen deficit with long list of 


potential consequences. She said it was well known that 
neurodegenerative diseases take years or decades to develop. ‘If 
today you forget your phone number, the breakdown in your brain 
would have already started 20 or 30 years ago.’ She said 
degenerative processes in your brain are getting amplified as your 
oxygen deprivation continues through wearing a mask. Nerve cells 
in the brain are unable to divide themselves normally in these 
circumstances and lost nerve cells will no longer be regenerated. 
‘What is gone is gone.’ Now consider that people like shop workers 
and schoolchildren are wearing masks for hours every day. What in 
the name of sanity is going to be happening to them? ‘I do not wear 
a mask, I need my brain to think’, Griesz-Brisson said, ‘I want to 
have a clear head when I deal with my patients and not be ina 
carbon dioxide-induced anaesthesia’. If you are told to wear a mask 
anywhere ask the organisation, police, store, whatever, for their risk 
assessment on the dangers and negative effects on mind and body of 
enforcing mask-wearing. They won't have one because it has never 
been done not even by government. All of them must be subject to 
class-action lawsuits as the consequences come to light. They don’t 
do mask risk assessments for an obvious reason. They know what 
the conclusions would be and independent scientific studies that 
have been done tell a horror story of consequences. 


‘Masks are criminal 

Dr Griesz-Brisson said that for children and adolescents, masks are 
an absolute no-no. They had an extremely active and adaptive 
immune system and their brain was incredibly active with so much 
to learn. “The child’s brain, or the youth’s brain, is thirsting for 
oxygen.’ The more metabolically active an organ was, the more 
oxygen it required; and in children and adolescents every organ was 
metabolically active. Griesz-Brisson said that to deprive a child’s or 
adolescent's brain of oxygen, or to restrict it in any way, was not only 
dangerous to their health, it was absolutely criminal. ‘Oxygen 
deficiency inhibits the development of the brain, and the damage 
that has taken place as a result CANNOT be reversed.’ Mind 


manipulators of MKUltra put masks on two-year-olds they wanted 
to neurologically rewire and you can see why. Griesz-Brisson said a 
child needs the brain to learn and the brain needs oxygen to 
function. ‘We don’t need a clinical study for that. This is simple, 
indisputable physiology.’ Consciously and purposely induced 
oxygen deficiency was an absolutely deliberate health hazard, and 
an absolute medical contraindication which means that ‘this drug, 
this therapy, this method or measure should not be used, and is not 
allowed to be used’. To coerce an entire population to use an 
absolute medical contraindication by force, she said, there had to be 
definite and serious reasons and the reasons must be presented to 
competent interdisciplinary and independent bodies to be verified 
and authorised. She had this warning of the consequences that were 
coming if mask wearing continued: 


When, in ten years, dementia is going to increase exponentially, and the younger generations 
couldn’t reach their god-given potential, it won’t help to say ‘we didn’t need the masks’. | 
know how damaging oxygen deprivation is for the brain, cardiologists know how damaging it 
is for the heart, pulmonologists know how damaging it is for the lungs. Oxygen deprivation 
damages every single organ. Where are our health departments, our health insurance, our 
medical associations? It would have been their duty to be vehemently against the lockdown 
and to stop it and stop it from the very beginning. 


Why do the medical boards issue punishments to doctors who give people exemptions? Does 
the person or the doctor seriously have to prove that oxygen deprivation harms people? What 
kind of medicine are our doctors and medical associations representing? Who is responsible 
for this crime? The ones who want to enforce it? The ones who let it happen and play along, 
or the ones who don’t prevent it? 


All of the organisations and people she mentions there either 
answer directly to the Cult or do whatever hierarchical levels above 
them tell them to do. The outcome of both is the same. ‘It’s not about 
masks, it’s not about viruses, it’s certainly not about your health’, 
Griesz-Brisson said. ‘It is about much, much more. I am not 
participating. Iam not afraid.’ They were taking our air to breathe 
and there was no unfounded medical exemption from face masks. 
Oxygen deprivation was dangerous for every single brain. It had to 
be the free decision of every human being whether they want to 


wear a mask that was absolutely ineffective to protect themselves 
from a virus. She ended by rightly identifying where the 
responsibility lies for all this: 


The imperative of the hour is personal responsibility. We are responsible for what we think, 
not the media. We are responsible for what we do, not our superiors. We are responsible for 
our health, not the World Health Organization. And we are responsible for what happens in 
our country, not the government. 


Halle-bloody-lujah. 


But surgeons wear masks, right? 

Independent studies of mask-wearing have produced a long list of 
reports detailing mental, emotional and physical dangers. What a 
definition of insanity to see police officers imposing mask-wearing 
on the public which will cumulatively damage their health while the 
police themselves wear masks that will cumulatively damage their 
health. It’s utter madness and both public and police do this because 
‘the government says so’ — yes a government of brain-donor idiots 
like UK Health Secretary Matt Hancock reading the ‘follow the 
science’ scripts of psychopathic, lunatic psychologists. The response 
you get from Stockholm syndrome sufferers defending the very 
authorities that are destroying them and their families is that 
‘surgeons wear masks’. This is considered the game, set and match 
that they must work and don’t cause oxygen deficit. Well, actually, 
scientific studies have shown that they do and oxygen levels are 
monitored in operating theatres to compensate. Surgeons wear 
masks to stop spittle and such like dropping into open wounds — not 
to stop ‘viral particles’ which are so miniscule they can only be seen 
through an electron microscope. Holes in the masks are significantly 
bigger than ‘viral particles’ and if you sneeze or cough they will 
breach the mask. I watched an incredibly disingenuous ‘experiment’ 
that claimed to prove that masks work in catching ‘virus’ material 
from the mouth and nose. They did this with a slow motion camera 
and the mask did block big stuff which stayed inside the mask and 


against the face to be breathed in or cause infections on the face as 
we have seen with many children. ‘Viral particles’, however, would 
never have been picked up by the camera as they came through the 
mask when they are far too small to be seen. The ‘experiment’ was 
therefore disingenuous and useless. 


Studies have concluded that wearing masks in operating theatres 
(and thus elsewhere) make no difference to preventing infection 
while the opposite is true with toxic shite building up in the mask 
and this had led to an explosion in tooth decay and gum disease 
dubbed by dentists ‘mask mouth’. You might have seen the Internet 
video of a furious American doctor urging people to take off their 
masks after a four-year-old patient had been rushed to hospital the 
night before and nearly died with a lung infection that doctors 
sourced to mask wearing. A study in the journal Cancer Discovery 
found that inhalation of harmful microbes can contribute to 
advanced stage lung cancer in adults and long-term use of masks 
can help breed dangerous pathogens. Microbiologists have said 
frequent mask wearing creates a moist environment in which 
microbes can grow and proliferate before entering the lungs. The 
Canadian Agency for Drugs and Technologies in Health, or CADTH, 
a Canadian national organisation that provides research and 
analysis to healthcare decision-makers, said this as long ago as 2013 
in a report entitled ‘Use of Surgical Masks in the Operating Room: A 
Review of the Clinical Effectiveness and Guidelines’. It said: 


¢ No evidence was found to support the use of surgical face masks 
to reduce the frequency of surgical site infections 


¢ No evidence was found on the effectiveness of wearing surgical 
face masks to protect staff from infectious material in the 
operating room. 

¢ Guidelines recommend the use of surgical face masks by staff in 
the operating room to protect both operating room staff and 
patients (despite the lack of evidence). 


We were told that the world could go back to ‘normal’ with the 
arrival of the ‘vaccines’. When they came, fraudulent as they are, the 
story changed as I knew that it would. We are in the midst of 
transforming ‘normal’, not going back to it. Mary Ramsay, head of 
immunisation at Public Health England, echoed the words of US 
criminal Anthony Fauci who said masks and other regulations must 
stay no matter if people are vaccinated. The Fauci idiot continued to 
wear two masks — different colours so both could be clearly seen — 
after he claimed to have been vaccinated. Senator Rand Paul told 
Fauci in one exchange that his double-masks were ‘theatre’ and he 
was right. It’s all theatre. Mary Ramsay back-tracked on the vaccine- 
return-to-normal theme when she said the public may need to wear 
masks and social-distance for years despite the jabs. ‘People have got 
used to those lower-level restrictions now, and [they] can live with 
them’, she said telling us what the idea has been all along. ‘The 
vaccine does not give you a pass, even if you have had it, you must 
continue to follow all the guidelines’ said a Public Health England 
statement which reneged on what we had been told before and 
made having the ‘vaccine’ irrelevant to ‘normality’ even by the 
official story. Spain’s fascist government trumped everyone by 
passing a law mandating the wearing of masks on the beach and 
even when swimming in the sea. The move would have devastated 
what's left of the Spanish tourist industry, posed potential breathing 
dangers to swimmers and had Northern European sunbathers 
walking around with their forehead brown and the rest of their face 
white as a sheet. The ruling was so crazy that it had to be retracted 
after pressure from public and tourist industry, but it confirmed 
where the Cult wants to go with masks and how clinically insane 
authority has become. The determination to make masks permanent 
and hide the serious dangers to body and mind can be seen in the 
censorship of scientist Professor Denis Rancourt by Bill Gates- 
funded academic publishing website ResearchGate over his papers 
exposing the dangers and uselessness of masks. Rancourt said: 


ResearchGate today has permanently locked my account, which | have had since 2015. Their 
reasons graphically show the nature of their attack against democracy, and their corruption of 


science ... By their obscene non-logic, a scientific review of science articles reporting on 
harms caused by face masks has a ‘potential to cause harm’. No criticism of the psychological 
device (face masks) is tolerated, if the said criticism shows potential to influence public policy. 


This is what happens in a fascist world. 


Where are the ‘greens (again)? 

Other dangers of wearing masks especially regularly relate to the 
inhalation of minute plastic fibres into the lungs and the deluge of 
discarded masks in the environment and oceans. Estimates 
predicted that more than 1.5 billion disposable masks will end up in 
the world’s oceans every year polluting the water with tons of plastic 
and endangering marine wildlife. Studies project that humans are 
using 129 billion face masks each month worldwide — about three 
million a minute. Most are disposable and made from plastic, non- 
biodegradable microfibers that break down into smaller plastic 
particles that become widespread in ecosystems. They are littering 
cities, clogging sewage channels and turning up in bodies of water. I 
have written in other books about the immense amounts of 
microplastics from endless sources now being absorbed into the 
body. Rolf Halden, director of the Arizona State University (ASU) 
Biodesign Center for Environmental Health Engineering, was the 
senior researcher in a 2020 study that analysed 47 human tissue 
samples and found microplastics in all of them. ‘We have detected 
these chemicals of plastics in every single organ that we have 
investigated’, he said. I wrote in The Answer about the world being 
deluged with microplastics. A study by the Worldwide Fund for 
Nature (WWE) found that people are consuming on average every 
week some 2,000 tiny pieces of plastic mostly through water and also 
through marine life and the air. Every year humans are ingesting 
enough microplastics to fill a heaped dinner plate and in a life-time 
of 79 years it is enough to fill two large waste bins. Marco 
Lambertini, WWF International director general said: ‘Not only are 
plastics polluting our oceans and waterways and killing marine life — 
it’s in all of us and we can’t escape consuming plastics,’ American 


geologists found tiny plastic fibres, beads and shards in rainwater 
samples collected from the remote slopes of the Rocky Mountain 
National Park near Denver, Colorado. Their report was headed: ‘It is 
raining plastic.’ Rachel Adams, senior lecturer in Biomedical Science 
at Cardiff Metropolitan University, said that among health 
consequences are internal inflammation and immune responses to a 
‘foreign body’. She further pointed out that microplastics become 
carriers of toxins including mercury, pesticides and dioxins (a 
known cause of cancer and reproductive and developmental 
problems). These toxins accumulate in the fatty tissues once they 
enter the body through microplastics. Now this is being 
compounded massively by people putting plastic on their face and 
throwing it away. 

Workers exposed to polypropylene plastic fibres known as ‘flock’ 
have developed ‘flock worker’s lung’ from inhaling small pieces of 
the flock fibres which can damage lung tissue, reduce breathing 
capacity and exacerbate other respiratory problems. Now ... 
commonly used surgical masks have three layers of melt-blown 
textiles made of ... polypropylene. We have billions of people 
putting these microplastics against their mouth, nose and face for 
hours at a time day after day in the form of masks. How does 
anyone think that will work out? Imean — what could possibly go 
wrong? We posted a number of scientific studies on this at 
davidicke.com, but when I went back to them as I was writing this 
book the links to the science research website where they were 
hosted were dead. Anything that challenges the official narrative in 
any way is either censored or vilified. The official narrative is so 
unsupportable by the evidence that only deleting the truth can 
protect it. A study by Chinese scientists still survived — with the 
usual twist which it why it was still active, I guess. Yes, they found 
that virtually all the masks they tested increased the daily intake of 
microplastic fibres, but people should still wear them because the 
danger from the ‘virus’ was worse said the crazy ‘team’ from the 
Institute of Hydrobiology in Wuhan. Scientists first discovered 
microplastics in lung tissue of some patients who died of lung cancer 


in the 1990s. Subsequent studies have confirmed the potential health 
damage with the plastic degrading slowly and remaining in the 
lungs to accumulate in volume. Wuhan researchers used a machine 
simulating human breathing to establish that masks shed up to 
nearly 4,000 microplastic fibres in a month with reused masks 
producing more. Scientists said some masks are laced with toxic 
chemicals and a variety of compounds seriously restricted for both 
health and environmental reasons. They include cobalt (used in blue 
dye) and formaldehyde known to cause watery eyes, burning 
sensations in the eyes, nose, and throat, plus coughing, wheezing 
and nausea. No — that must be ‘Covid-19’. 


Mask ‘worms’ 

There is another and potentially even more sinister content of masks. 
Mostly new masks of different makes filmed under a microscope 
around the world have been found to contain strange black fibres or 
‘worms’ that appear to move or ‘crawl’ by themselves and react to 
heat and water. The nearest I have seen to them are the self- 
replicating fibres that are pulled out through the skin of those 
suffering from Morgellons disease which has been connected to the 
phenomena of ‘chemtrails’ which I will bring into the story later on. 
Morgellons fibres continue to grow outside the body and have a 
form of artificial intelligence. Black ‘worm’ fibres in masks have that 
kind of feel to them and there is a nanotechnology technique called 
‘worm micelles’ which carry and release drugs or anything else you 
want to deliver to the body. For sure the suppression of humanity by 
mind altering drugs is the Cult agenda big time and the more 
excuses they can find to gain access to the body the more 
opportunities there are to make that happen whether through 
‘vaccines’ or masks pushed against the mouth and nose for hours on 
end. 


So let us summarise the pros and cons of masks: 


Against masks: Breathing in your own carbon dioxide; depriving the 
body and brain of sufficient oxygen; build-up of toxins in the mask 
that can be breathed into the lungs and cause rashes on the face and 
‘mask-mouth’; breathing microplastic fibres and toxic chemicals into 
the lungs; dehumanisation and deleting individualisation by literally 
making people faceless; destroying human emotional interaction 
through facial expression and deleting parental connection with 
their babies which look for guidance to their facial expression. 


For masks: They don’t protect you from a ‘virus’ that doesn’t exist 
and even if it did ‘viral’ particles are so minute they are smaller than 
the holes in the mask. 


Governments, police, supermarkets, businesses, transport 
companies, and all the rest who seek to impose masks have done no 
risk assessment on their consequences for health and psychology 
and are now open to group lawsuits when the impact becomes clear 
with a cumulative epidemic of respiratory and other disease. 
Authorities will try to exploit these effects and hide the real cause by 
dubbing them ‘Covid-19’. Can you imagine setting out to force the 
population to wear health-destroying masks without doing any 
assessment of the risks? It is criminal and it is evil, but then how 
many people targeted in this way, who see their children told to 
wear them all day at school, have asked for a risk assessment? 
Billions can’t be imposed upon by the few unless the billions allow it. 
Oh, yes, with just a tinge of irony, 85 percent of all masks made 
worldwide come from China. 


‘Covid’ rules include the use of toxic sanitisers and again the health 
consequences of constantly applying toxins to be absorbed through 
the skin is obvious to any level of Renegade Mind. America’s Food 
and Drug Administration (FDA) said that sanitisers are drugs and 
issued a warning about 75 dangerous brands which contain 


methanol used in antifreeze and can cause death, kidney damage 
and blindness. The FDA circulated the following warning even for 
those brands that it claims to be safe: 


Store hand sanitizer out of the reach of pets and children, and children should use it only with 
adult supervision. Do not drink hand sanitizer. This is particularly important for young 
children, especially toddlers, who may be attracted by the pleasant smell or brightly colored 
bottles of hand sanitizer. 


Drinking even a small amount of hand sanitizer can cause alcohol poisoning in children. 
(However, there is no need to be concerned if your children eat with or lick their hands after 
using hand sanitizer.) During this coronavirus pandemic, poison control centers have had an 
increase in calls about accidental ingestion of hand sanitizer, so it is important that adults 
monitor young children’s use. 


Do not allow pets to swallow hand sanitizer. If you think your pet has eaten something 
potentially dangerous, call your veterinarian or a pet poison control center right away. Hand 
sanitizer is flammable and should be stored away from heat and flames. When using hand 
sanitizer, rub your hands until they feel completely dry before performing activities that may 
involve heat, sparks, static electricity, or open flames. 


There you go, perfectly safe, then, and that’s without even a mention 
of the toxins absorbed through the skin. Come on kids — sanitise 
your hands everywhere you go. It will save you from the ‘virus’. Put 
all these elements together of the ‘Covid’ normal and see how much 
health and psychology is being cumulatively damaged, even 
devastated, to ‘protect your health’. Makes sense, right? They are 
only imposing these things because they care, right? Right? 


Submitting to insanity 

Psychological reframing of the population goes very deep and is 
done in many less obvious ways. I hear people say how 
contradictory and crazy ‘Covid’ rules are and how they are ever 
changing. This is explained away by dismissing those involved as 
idiots. It is a big mistake. The Cult is delighted if its cold calculation 
is perceived as incompetence and idiocy when it is anything but. Oh, 
yes, there are idiots within the system — lots of them — but they are 
administering the Cult agenda, mostly unknowingly. They are not 
deciding and dictating it. The bulwark against tyranny is self- 


respect, always has been, always will be. It is self-respect that has 
broken every tyranny in history. By its very nature self-respect will 
not bow to oppression and its perpetrators. There is so little self- 
respect that it’s always the few that overturn dictators. Many may 
eventually follow, but the few with the iron spines (self-respect) kick 
it off and generate the momentum. The Cult targets self-respect in 
the knowledge that once this has gone only submission remains. 
Crazy, contradictory, ever-changing ‘Covid’ rules are systematically 
applied by psychologists to delete self-respect. They want you to see 
that the rules make no sense. It is one thing to decide to do 
something when you have made the choice based on evidence and 
logic. You still retain your self-respect. It is quite another when you 
can see what you are being told to do is insane, ridiculous and 
makes no sense, and yet you still do it. Your self-respect is 
extinguished and this has been happening as ever more obviously 
stupid and nonsensical things have been demanded and the great 
majority have complied even when they can see they are stupid and 
nonsensical. 

People walk around in face-nappies knowing they are damaging 
their health and make no difference to a ‘virus’. They do it in fear of 
not doing it. I know it’s daft, but I’ll do it anyway. When that 
happens something dies inside of you and submissive reframing has 
begun. Next there’s a need to hide from yourself that you have 
conceded your self-respect and you convince yourself that you have 
not really submitted to fear and intimidation. You begin to believe 
that you are complying with craziness because it’s the right thing to 
do. When first you concede your self-respect of 2+2 = 4 to 2+2 =5 you 
know you are compromising your self-respect. Gradually to avoid 
facing that fact you begin to believe that 2+2=5. You have been 
reframed and I have been watching this process happening in the 
human psyche on an industrial scale. The Cult is working to break 
your spirit and one of its major tools in that war is humiliation. I 
read how former American soldier Bradley Manning (later Chelsea 
Manning after a sex-change) was treated after being jailed for 
supplying WikiLeaks with documents exposing the enormity of 


government and elite mendacity. Manning was isolated in solitary 
confinement for eight months, put under 24-hour surveillance, 
forced to hand over clothing before going to bed, and stand naked 
for every roll call. This is systematic humiliation. The introduction of 
anal swab ‘Covid’ tests in China has been done for the same reason 
to delete self-respect and induce compliant submission. Anal swabs 
are mandatory for incoming passengers in parts of China and 
American diplomats have said they were forced to undergo the 
indignity which would have been calculated humiliation by the 
Cult-owned Chinese government that has America in its sights. 


Government-people: An abusive relationship 

Spirit-breaking psychological techniques include giving people hope 
and apparent respite from tyranny only to take it away again. This 
happened in the UK during Christmas, 2020, when the psycho- 
psychologists and their political lackeys announced an easing of 
restrictions over the holiday only to reimpose them almost 
immediately on the basis of yet another lie. There is a big 
psychological difference between getting used to oppression and 
being given hope of relief only to have that dashed. Psychologists 
know this and we have seen the technique used repeatedly. Then 
there is traumatising people before you introduce more extreme 
regulations that require compliance. A perfect case was the 
announcement by the dark and sinister Whitty and Vallance in the 
UK that ‘new data’ predicted that 4,000 could die every day over the 
winter of 2020/2021 if we did not lockdown again. I think they call it 
lying and after traumatising people with that claim out came 
Jackboot Johnson the next day with new curbs on human freedom. 
Psychologists know that a frightened and traumatised mind 
becomes suggestable to submission and behaviour reframing. 
Underpinning all this has been to make people fearful and 
suspicious of each other and see themselves as a potential danger to 
others. In league with deleted self-respect you have the perfect 
psychological recipe for self-loathing. The relationship between 
authority and public is now demonstrably the same as that of 


subservience to an abusive partner. These are signs of an abusive 
relationship explained by psychologist Leslie Becker-Phelps: 


Psychological and emotional abuse: Undermining a partner’s 
self-worth with verbal attacks, name-calling, and belittling. 
Humiliating the partner in public, unjustly accusing them of having 
an affair, or interrogating them about their every behavior. Keeping 
partner confused or off balance by saying they were just kidding or 
blaming the partner for ‘making’ them act this way ... Feigning in 
public that they care while turning against them in private. This 
leads to victims frequently feeling confused, incompetent, unworthy, 
hopeless, and chronically self-doubting. [Apply these techniques to 
how governments have treated the population since New Year, 2020, 
and the parallels are obvious. ] 


Physical abuse: The abuser might physically harm their partner in 
a range of ways, such as grabbing, hitting, punching, or shoving 
them. They might throw objects at them or harm them with a 
weapon. [Observe the physical harm imposed by masks, lockdown, 
and so on.] 


Threats and intimidation: One way abusers keep their partners in 
line is by instilling fear. They might be verbally threatening, or give 
threatening looks or gestures. Abusers often make it known that 
they are tracking their partner’s every move. They might destroy 
their partner’s possessions, threaten to harm them, or threaten to 
harm their family members. Not surprisingly, victims of this abuse 
often feel anxiety, fear, and panic. [No words necessary. ] 


Isolation: Abusers often limit their partner’s activities, forbidding 
them to talk or interact with friends or family. They might limit 
access to a car or even turn off their phone. All of this might be done 
by physically holding them against their will, but is often 
accomplished through psychological abuse and intimidation. The 
more isolated a person feels, the fewer resources they have to help 
gain perspective on their situation and to escape from it. [No words 
necessary. | 


Economic abuse: Abusers often make their partners beholden to 
them for money by controlling access to funds of any kind. They 
might prevent their partner from getting a job or withhold access to 
money they earn from a job. This creates financial dependency that 
makes leaving the relationship very difficult. [See destruction of 
livelihoods and the proposed meagre ‘guaranteed income’ so long as 
you do whatever you are told.] 


Using children: An abuser might disparage their partner’s 
parenting skills, tell their children lies about their partner, threaten 
to take custody of their children, or threaten to harm their children. 
These tactics instil fear and often elicit compliance. [See reframed 
social service mafia and how children are being mercilessly abused 
by the state over ‘Covid’ while their parents look on too frightened 
to do anything. ] 

A further recurring trait in an abusive relationship is the abused 
blaming themselves for their abuse and making excuses for the 
abuser. We have the public blaming each other for lockdown abuse 
by government and many making excuses for the government while 
attacking those who challenge the government. How often we have 
heard authorities say that rules are being imposed or reimposed only 
because people have refused to ‘behave’ and follow the rules. We 
don’t want to do it — it’s you. 

Renegade Minds are an antidote to all of these things. They will 
never concede their self-respect no matter what the circumstances. 
Even when apparent humiliation is heaped upon them they laugh in 
its face and reflect back the humiliation on the abuser where it 
belongs. Renegade Minds will never wear masks they know are only 
imposed to humiliate, suppress and damage both physically and 
psychologically. Consequences will take care of themselves and they 
will never break their spirit or cause them to concede to tyranny. UK 
newspaper columnist Peter Hitchens was one of the few in the 
mainstream media to speak out against lockdowns and forced 
vaccinations. He then announced he had taken the jab. He wanted to 
see family members abroad and he believed vaccine passports were 
inevitable even though they had not yet been introduced. Hitchens 


has a questioning and critical mind, but not a Renegade one. If he 
had no amount of pressure would have made him concede. Hitchens 
excused his action by saying that the battle has been lost. Renegade 
Minds never accept defeat when freedom is at stake and even if they 
are the last one standing the self-respect of not submitting to tyranny 
is more important than any outcome or any consequence. 

That’s why Renegade Minds are the only minds that ever changed 
anything worth changing. 


CHAPTER EIGHT 
‘Reframing insanity 


Insanity is relative. It depends on who has who locked in what cage 
Ray Bradbury 


eframing’ a mind means simply to change its perception and 

behaviour. This can be done subconsciously to such an extent 
that subjects have no idea they have been ‘reframed’ while to any 
observer changes in behaviour and attitudes are obvious. 


Human society is being reframed on a ginormous scale since the 
start of 2020 and here we have the reason why psychologists rather 
than doctors have been calling the shots. Ask most people who have 
succumbed to ‘Covid’ reframing if they have changed and most will 
say ‘no’; but they have and fundamentally. The Cult’s long-game has 
been preparing for these times since way back and crucial to that has 
been to prepare both population and officialdom mentally and 
emotionally. To use the mind-control parlance they had to reframe 
the population with a mentality that would submit to fascism and 
reframe those in government and law enforcement to impose 
fascism or at least go along with it. The result has been the fact- 
deleted mindlessness of “Wokeness’ and officialdom that has either 
enthusiastically or unquestioningly imposed global tyranny 
demanded by reframed politicians on behalf of psychopathic and 
deeply evil cultists. ‘Cognitive reframing’ identifies and challenges 
the way someone sees the world in the form of situations, 
experiences and emotions and then restructures those perceptions to 
view the same set of circumstances in a different way. This can have 


benefits if the attitudes are personally destructive while on the other 
side it has the potential for individual and collective mind control 
which the subject has no idea has even happened. 

Cognitive therapy was developed in the 1960s by Aaron T. Beck 
who was born in Rhode Island in 1921 as the son of Jewish 
immigrants from the Ukraine. He became interested in the 
techniques as a treatment for depression. Beck’s daughter Judith S. 
Beck is prominent in the same field and they founded the Beck 
Institute for Cognitive Behavior Therapy in Philadelphia in 1994. 
Cognitive reframing, however, began to be used worldwide by those 
with a very dark agenda. The Cult reframes politicians to change 
their attitudes and actions until they are completely at odds with 
what they once appeared to stand for. The same has been happening 
to government administrators at all levels, law enforcement, military 
and the human population. Cultists love mind control for two main 
reasons: It allows them to control what people think, do and say to 
secure agenda advancement and, by definition, it calms their 
legendary insecurity and fear of the unexpected. I have studied mind 
control since the time I travelled America in 1996. I may have been 
talking to next to no one in terms of an audience in those years, but 
my goodness did I gather a phenomenal amount of information and 
knowledge about so many things including the techniques of mind 
control. I have described this in detail in other books going back to 
The Biggest Secret in 1998. I met a very large number of people 
recovering from MKuUltra and its offshoots and successors and I 
began to see how these same techniques were being used on the 
population in general. This was never more obvious than since the 
‘Covid’ hoax began. 


Reframing the enforcers 

I have observed over the last two decades and more the very clear 
transformation in the dynamic between the police, officialdom and 
the public. I tracked this in the books as the relationship mutated 
from one of serving the public to seeing them as almost the enemy 
and certainly a lower caste. There has always been a class divide 


based on income and always been some psychopathic, corrupt, and 
big-I-am police officers. This was different. Wholesale change was 
unfolding in the collective dynamic; it was less about money and far 
more about position and perceived power. An us-and-them was 
emerging. Noses were lifted skyward by government administration 
and law enforcement and their attitude to the public they were 
supposed to be serving changed to one of increasing contempt, 
superiority and control. The transformation was so clear and 
widespread that it had to be planned. Collective attitudes and 
dynamics do not change naturally and organically that quickly on 
that scale. I then came across an organisation in Britain called 
Common Purpose created in the late 1980s by Julia Middleton who 
would work in the office of Deputy Prime Minister John Prescott 
during the long and disastrous premiership of war criminal Tony 
Blair. When Blair speaks the Cult is speaking and the man should 
have been in jail a long time ago. Common Purpose proclaims itself 
to be one of the biggest ‘leadership development’ organisations in 
the world while functioning as a charity with all the financial benefits 
which come from that. It hosts ‘leadership development’ courses and 
programmes all over the world and claims to have ‘brought 
together’ what it calls ‘leaders’ from more than 100 countries on six 
continents. The modus operandi of Common Purpose can be 
compared with the work of the UK government's reframing network 
that includes the Behavioural Insights Team ‘nudge unit’ and 
‘Covid’ reframing specialists at SPI-B. WikiLeaks described 
Common Purpose long ago as ‘a hidden virus in our government 
and schools’ which is unknown to the general public: ‘It recruits and 
trains “leaders” to be loyal to the directives of Common Purpose and 
the EU, instead of to their own departments, which they then 
undermine or subvert, the NHS [National Health Service] being an 
example.’ This is a vital point to understand the ‘Covid’ hoax. The 
NHS, and its equivalent around the world, has been utterly reframed 
in terms of administrators and much of the medical personnel with 
the transformation underpinned by recruitment policies. The 
outcome has been the criminal and psychopathic behaviour of the 


NHS over ‘Covid’ and we have seen the same in every other major 
country. WikiLeaks said Common Purpose trainees are ‘learning to 
rule without regard to democracy’ and to usher in a police state 
(current events explained). Common Purpose operated like a ‘glue’ 
and had members in the NHS, BBC, police, legal profession, church, 
many of Britain’s 7,000 quangos, local councils, the Civil Service, 
government ministries and Parliament, and controlled many RDA’s 
(Regional Development Agencies). Here we have one answer for 
how and why British institutions and their like in other countries 
have changed so negatively in relation to the public. This further 
explains how and why the beyond-disgraceful reframed BBC has 
become a propaganda arm of ‘Covid’ fascism. They are all part of a 
network pursuing the same goal. 

By 2019 Common Purpose was quoting a figure of 85,000 ‘leaders’ 
that had attended its programmes. These ‘students’ of all ages are 
known as Common Purpose ‘graduates’ and they consist of 
government, state and local government officials and administrators, 
police chiefs and officers, and a whole range of others operating 
within the national, local and global establishment. Cressida Dick, 
Commissioner of the London Metropolitan Police, is the Common 
Purpose graduate who was the ‘Gold Commander’ that oversaw 
what can only be described as the murder of Brazilian electrician 
Jean Charles de Menezes in 2005. He was held down by 
psychopathic police and shot seven times in the head by a 
psychopathic lunatic after being mistaken for a terrorist when he 
was just a bloke going about his day. Dick authorised officers to 
pursue and keep surveillance on de Menezes and ordered that he be 
stopped from entering the underground train system. Police 
psychopaths took her at her word clearly. She was ‘disciplined’ for 
this outrage by being promoted — eventually to the top of the ‘Met’ 
police where she has been a disaster. Many Chief Constables 
controlling the police in different parts of the UK are and have been 
Common Purpose graduates. I have heard the ‘graduate’ network 
described as a sort of Mafia or secret society operating within the 
fabric of government at all levels pursuing a collective policy 


ingrained at Common Purpose training events. Founder Julia 
Middleton herself has said: 


Locally and internationally, Common Purpose graduates will be ‘lighting small fires’ to create 
change in their organisations and communities ... The Common Purpose effect is best 
illustrated by the many stories of small changes brought about by leaders, who themselves 
have changed. 


A Common Purpose mission statement declared: 


Common Purpose aims to improve the way society works by expanding the vision, decision- 
making ability and influence of all kinds of leaders. The organisation runs a variety of 
educational programmes for leaders of all ages, backgrounds and sectors, in order to provide 
them with the inspirational, information and opportunities they need to change the world. 


Yes, but into what? Since 2020 the answer has become clear. 


NLP and the Delphi technique 

Common Purpose would seem to be a perfect name or would 
common programming be better? One of the foundation methods of 
reaching ‘consensus’ (group think) is by setting the agenda theme 
and then encouraging, cajoling or pressuring everyone to agree a 
‘consensus’ in line with the core theme promoted by Common 
Purpose. The methodology involves the ‘Delphi technique’, or an 
adaption of it, in which opinions are expressed that are summarised 
by a ‘facilitator or change agent’ at each stage. Participants are 
‘encouraged’ to modify their views in the light of what others have 
said. Stage by stage the former individual opinions are merged into 
group consensus which just happens to be what Common Purpose 
wants them to believe. A key part of this is to marginalise anyone 
refusing to concede to group think and turn the group against them 
to apply pressure to conform. We are seeing this very technique used 
on the general population to make ‘Covid’ group-thinkers hostile to 
those who have seen through the bullshit. People can be reframed by 
using perception manipulation methods such as Neuro-Linguistic 
Programming (NLP) in which you change perception with the use of 


carefully constructed language. An NLP website described the 
technique this way: 


... A method of influencing brain behaviour (the ‘neuro’ part of the phrase) through the use of 
language (the ‘linguistic’ part) and other types of communication to enable a person to 
‘recode’ the way the brain responds to stimuli (that’s the ‘programming’) and manifest new 
and better behaviours. Neuro-Linguistic Programming often incorporates hypnosis and self- 
hypnosis to help achieve the change (or ‘programming’) that is wanted. 


British alternative media operation UKColumn has done very 
detailed research into Common Purpose over a long period. I quoted 
co-founder and former naval officer Brian Gerrish in my book 
Remember Who You Are, published in 2011, as saying the following 
years before current times: 


It is interesting that many of the mothers who have had children taken by the State speak of 
the Social Services people being icily cool, emotionless and, as two ladies said in slightly 
different words, ‘... like little robots’. We know that NLP is cumulative, so people can be 
given small imperceptible doses of NLP in a course here, another in a few months, next year 
etc. In this way, major changes are accrued in their personality, but the day by day change is 
almost unnoticeable. 


In these and other ways ‘graduates’ have had their perceptions 
uniformly reframed and they return to their roles in the institutions 
of government, law enforcement, legal profession, military, 
‘education’, the UK National Health Service and the whole swathe of 
the establishment structure to pursue a common agenda preparing 
for the ‘post-industrial’, “post-democratic’ society. I say ‘preparing’ 
but we are now there. ‘Post-industrial’ is code for the Great Reset 
and ‘post-democratic’ is ‘Covid’ fascism. UKColumn has spoken to 
partners of those who have attended Common Purpose ‘training’. 
They have described how personalities and attitudes of ‘graduates’ 
changed very noticeably for the worse by the time they had 
completed the course. They had been ‘reframed’ and told they are 
the ‘leaders’ — the special ones — who know better than the 
population. There has also been the very demonstrable recruitment 
of psychopaths and narcissists into government administration at all 


levels and law enforcement. If you want psychopathy hire 
psychopaths and you get a simple cause and effect. If you want 
administrators, police officers and ‘leaders’ to perceive the public as 
lesser beings who don’t matter then employ narcissists. These 
personalities are identified using ‘psychometrics’ that identifies 
knowledge, abilities, attitudes and personality traits, mostly through 
carefully-designed questionnaires and tests. As this policy has 
passed through the decades we have had power-crazy, power- 
trippers appointed into law enforcement, security and government 
administration in preparation for current times and the dynamic 
between public and law enforcement/officialdom has been 
transformed. UKColumn’s Brian Gerrish said of the narcissistic 
personality: 


Their love of themselves and power automatically means that they will crush others who get 
in their way. | received a major piece of the puzzle when a friend pointed out that when they 
made public officials re-apply for their own jobs several years ago they were also required to 
do psychometric tests. This was undoubtedly the start of the screening process to get ‘their’ 
sort of people in post. 


How obvious that has been since 2020 although it was clear what 
was happening long before if people paid attention to the changing 
public-establishment dynamic. 


Change agents 

At the centre of events in ‘Covid’ Britain is the National Health 
Service (NHS) which has behaved disgracefully in slavishly 
following the Cult agenda. The NHS management structure is awash 
with Common Purpose graduates or ‘change agents’ working to a 
common cause. Helen Bevan, a Chief of Service Transformation at 
the NHS Institute for Innovation and Improvement, co-authored a 
document called ‘Towards a million change agents, a review of the 
social movements literature: implications for large scale change in 
the NHS’. The document compared a project management approach 
to that of change and social movements where ‘people change 


themselves and each other — peer to peer’. Two definitions given for 
a ‘social movement’ were: 


A group of people who consciously attempt to build a radically new social 
order; involves people of a broad range of social backgrounds; and deploys 
politically confrontational and socially disruptive tactics - Cyrus 
Zirakzadeh 1997 


Collective challenges, based on common purposes and social solidarities, in 
sustained interaction with elites, opponents, and authorities — Sidney 
Tarrow 1994 


Helen Bevan wrote another NHS document in which she defined 
‘framing’ as ‘the process by which leaders construct, articulate and 
put across their message in a powerful and compelling way in order 
to win people to their cause and call them to action’. I think I could 
come up with another definition that would be rather more accurate. 
The National Health Service and institutions of Britain and the wider 
world have been taken over by reframed ‘change agents’ and that 
includes everything from the United Nations to national 
governments, local councils and social services which have been 
kidnapping children from loving parents on an extraordinary and 
gathering scale on the road to the end of parenthood altogether. 
Children from loving homes are stolen and kidnapped by the state 
and put into the ‘care’ (inversion) of the local authority through 
council homes, foster parents and forced adoption. At the same time 
children are allowed to be abused without response while many are 
under council ‘care’. UKColumn highlighted the Common Purpose 
connection between South Yorkshire Police and Rotherham council 
officers in the case of the scandal in that area of the sexual 
exploitation of children to which the authorities turned not one blind 
eye, but both: 


We were alarmed to discover that the Chief Executive, the Strategic Director of Children and 
Young People’s Services, the Manager for the Local Strategic Partnership, the Community 
Cohesion Manager, the Cabinet Member for Cohesion, the Chief Constable and his 
predecessor had all attended Leadership training courses provided by the pseudo-charity 
Common Purpose. 


Once ‘change agents’ have secured positions of hire and fire within 
any organisation things start to move very quickly. Personnel are 
then hired and fired on the basis of whether they will work towards 
the agenda the change agent represents. If they do they are rapidly 
promoted even though they may be incompetent. Those more 
qualified and skilled who are pre-Common Purpose ‘old school’ see 
their careers stall and even disappear. This has been happening for 
decades in every institution of state, police, ‘health’ and social 
services and all of them have been transformed as a result in their 
attitudes to their jobs and the public. Medical professions, including 
nursing, which were once vocations for the caring now employ 
many cold, callous and couldn’t give a shit personality types. The 
UKColumn investigation concluded: 


By blurring the boundaries between people, professions, public and private sectors, 
responsibility and accountability, Common Purpose encourages ‘graduates’ to believe that as 
new selected leaders, they can work together, outside of the established political and social 
structures, to achieve a paradigm shift or CHANGE — so called ‘Leading Beyond Authority’. In 
doing so, the allegiance of the individual becomes ‘reframed’ on CP colleagues and their 
NETWORK. 


Nowhere has this process been more obvious than in the police 
where recruitment of psychopaths and development of 
unquestioning mind-controlled group-thinkers have transformed 
law enforcement into a politically-correct ‘Woke’ joke and a travesty 
of what should be public service. Today they wear their face-nappies 
like good little gofers and enforce ‘Covid’ rules which are fascism 
under another name. Alongside the specifically-recruited 
psychopaths we have software minds incapable of free thought. 
Brian Gerrish again: 


An example is the policeman who would not get on a bike for a press photo because he had 
not done the cycling proficiency course. Normal people say this is political correctness gone 
mad. Nothing could be further from the truth. The policeman has been reframed, and in his 

reality it is perfect common sense not to get on the bike ‘because he hasn’t done the cycling 
course’. 


Another example of this is where the police would not rescue a boy from a pond until they 
had taken advice from above on the ‘risk assessment’. A normal person would have arrived, 
perhaps thought of the risk for a moment, and dived in. To the police now ‘reframed’, they 
followed ‘normal’ procedure. 


There are shocking cases of reframed ambulance crews doing the 
same. Sheer unthinking stupidity of London Face-Nappies headed 
by Common Purpose graduate Cressida Dick can be seen in their 
behaviour at a vigil in March, 2021, for a murdered woman, Sarah 
Everard. A police officer had been charged with the crime. Anyone 
with a brain would have left the vigil alone in the circumstances. 
Instead they ‘manhandled’ women to stop them breaking ‘Covid 
rules’ to betray classic reframing. Minds in the thrall of perception 
control have no capacity for seeing a situation on its merits and 
acting accordingly. ‘Rules is rules’ is their only mind-set. My father 
used to say that rules and regulations are for the guidance of the 
intelligent and the blind obedience of the idiot. Most of the 
intelligent, decent, coppers have gone leaving only the other kind 
and a few old school for whom the job must be a daily nightmare. 
The combination of psychopaths and rule-book software minds has 
been clearly on public display in the ‘Covid’ era with automaton 
robots in uniform imposing fascistic ‘Covid’ regulations on the 
population without any personal initiative or judging situations on 
their merits. There are thousands of examples around the world, but 
I’ll make my point with the infamous Derbyshire police in the 
English East Midlands — the ones who think pouring dye into beauty 
spots and using drones to track people walking in the countryside 
away from anyone is called ‘policing’. To them there are rules 
decreed by the government which they have to enforce and in their 
bewildered state a group gathering in a closed space and someone 
walking alone in the countryside are the same thing. It is beyond 
idiocy and enters the realm of clinical insanity. 


Police officers in Derbyshire said they were ‘horrified’ — horrified — 
to find 15 to 20 ‘irresponsible’ kids playing a football match at a 
closed leisure centre ‘in breach of coronavirus restrictions’. When 
they saw the police the kids ran away leaving their belongings 
behind and the reframed men and women of Derbyshire police were 
seeking to establish their identities with a view to fining their 
parents. The most natural thing for youngsters to do — kicking a ball 
about — is turned into a criminal activity and enforced by the 
moronic software programs of Derbyshire police. You find the same 
mentality in every country. These barely conscious ‘horrified’ officers 
said they had to take action because ‘we need to ensure these rules 
are being followed’ and ‘it is of the utmost importance that you 
ensure your children are following the rules and regulations for 
Covid-19’. Had any of them done ten seconds of research to see if 
this parroting of their masters’ script could be supported by any 
evidence? Nope. Reframed people don’t think — others think for 
them and that’s the whole idea of reframing. I have seen police 
officers one after the other repeating without question word for 
word what officialdom tells them just as I have seen great swathes of 
the public doing the same. Ask either for ‘their’ opinion and out 
spews what they have been told to think by the official narrative. 
Police and public may seem to be in different groups, but their 
mentality is the same. Most people do whatever they are told in fear 
not doing so or because they believe what officialdom tells them; 
almost the entirety of the police do what they are told for the same 
reason. Ultimately it’s the tiny inner core of the global Cult that’s 
telling both what to do. 

So Derbyshire police were ‘horrified’. Oh, really? Why did they 
think those kids were playing football? It was to relieve the 
psychological consequences of lockdown and being denied human 
contact with their friends and interaction, touch and discourse vital 
to human psychological health. Being denied this month after month 
has dismantled the psyche of many children and young people as 
depression and suicide have exploded. Were Derbyshire police 
horrified by that? Are you kidding? Reframed people don’t have those 


mental and emotional processes that can see how the impact on the 
psychological health of youngsters is far more dangerous than any 
‘virus’ even if you take the mendacious official figures to be true. The 
reframed are told (programmed) how to act and so they do. The 
Derbyshire Chief Constable in the first period of lockdown when the 
black dye and drones nonsense was going on was Peter Goodman. 
He was the man who severed the connection between his force and 
the Derbyshire Constabulary Male Voice Choir when he decided that 
it was not inclusive enough to allow women to join. The fact it was a 
male voice choir making a particular sound produced by male voices 
seemed to elude a guy who terrifyingly ran policing in Derbyshire. 
He retired weeks after his force was condemned as disgraceful by 
former Supreme Court Justice Jonathan Sumption for their 
behaviour over extreme lockdown impositions. Goodman was 
replaced by his deputy Rachel Swann who was in charge when her 
officers were ‘horrified’. The police statement over the boys 
committing the hanging-offence of playing football included the line 
about the youngsters being ‘irresponsible in the times we are all 
living through’ missing the point that the real relevance of the ‘times 
we are all living through’ is the imposition of fascism enforced by 
psychopaths and reframed minds of police officers playing such a 
vital part in establishing the fascist tyranny that their own children 
and grandchildren will have to live in their entire lives. As a 
definition of insanity that is hard to beat although it might be run 
close by imposing masks on people that can have a serious effect on 
their health while wearing a face nappy all day themselves. Once 
again public and police do it for the same reason — the authorities tell 
them to and who are they to have the self-respect to say no? 


Wokers in uniform 

How reframed do you have to be to arrest a six-year-old and take him 
to court for picking a flower while waiting for a bus? Brain dead police 
and officialdom did just that in North Carolina where criminal 
proceedings happen regularly for children under nine. Attorney 
Julie Boyer gave the six-year-old crayons and a colouring book 


during the ‘flower’ hearing while the ‘adults’ decided his fate. 
County Chief District Court Judge Jay Corpening asked: ‘Should a 
child that believes in Santa Claus, the Easter Bunny and the tooth 
fairy be making life-altering decisions?’ Well, of course not, but 
common sense has no meaning when you have a common purpose 
and a reframed mind. Treating children in this way, and police 
operating in American schools, is all part of the psychological 
preparation for children to accept a police state as normal all their 
adult lives. The same goes for all the cameras and biometric tracking 
technology in schools. Police training is focused on reframing them 
as snowflake Wokers and this is happening in the military. Pentagon 
top brass said that ‘training sessions on extremism’ were needed for 
troops who asked why they were so focused on the Capitol Building 
riot when Black Lives Matter riots were ignored. What’s the 
difference between them some apparently and rightly asked. 
Actually, there is a difference. Five people died in the Capitol riot, 
only one through violence, and that was a police officer shooting an 
unarmed protestor. BLM riots killed at least 25 people and cost 
billions. Asking the question prompted the psychopaths and 
reframed minds that run the Pentagon to say that more ‘education’ 
(programming) was needed. Troop training is all based on 
psychological programming to make them fodder for the Cult — 
‘Military men are just dumb, stupid animals to be used as pawns in 
foreign policy’ as Cult-to-his-DNA former Secretary of State Henry 
Kissinger famously said. Governments see the police in similar terms 
and it’s time for those among them who can see this to defend the 
people and stop being enforcers of the Cult agenda upon the people. 
The US military, like the country itself, is being targeted for 
destruction through a long list of Woke impositions. Cult-owned 
gaga ‘President’ Biden signed an executive order when he took office 
to allow taxpayer money to pay for transgender surgery for active 
military personnel and veterans. Are you a man soldier? No, I’ma 
LGBTOQIA+ with a hint of Skoliosexual and Spectrasexual. Oh, good 
man. Bad choice of words you bigot. The Pentagon announced in 
March, 2021, the appointment of the first ‘diversity and inclusion 


officer’ for US Special Forces. Richard Torres-Estrada arrived with 
the publication of a ‘D&I Strategic Plan which will guide the 
enterprise-wide effort to institutionalize and sustain D&l’. If you 
think a Special Forces ‘Strategic Plan’ should have something to do 
with defending America you haven’t been paying attention. 
Defending Woke is now the military’s new role. Torres-Estrada has 
posted images comparing Donald Trump with Adolf Hitler and we 
can expect no bias from him as a representative of the supposedly 
non-political Pentagon. Cable news host Tucker Carlson said: ‘The 
Pentagon is now the Yale faculty lounge but with cruise missiles.’ 
Meanwhile Secretary of Defense Lloyd Austin, a board member of 
weapons-maker Raytheon with stock and compensation interests in 
October, 2020, worth $1.4 million, said he was purging the military 
of the ‘enemy within’ — anyone who isn’t Woke and supports Donald 
Trump. Austin refers to his targets as ‘racist extremists’ while in true 
Woke fashion being himself a racist extremist. Pentagon documents 
pledge to ‘eradicate, eliminate and conquer all forms of racism, 
sexism and homophobia’. The definitions of these are decided by 
‘diversity and inclusion committees’ peopled by those who see 
racism, sexism and homophobia in every situation and opinion. 
Woke (the Cult) is dismantling the US military and purging 
testosterone as China expands its military and gives its troops 
‘masculinity training’. How do we think that is going to end when 
this is all Cult coordinated? The US military, like the British military, 
is controlled by Woke and spineless top brass who just go along with 
it out of personal career interests. 


‘Woke’ means fast asleep 

Mind control and perception manipulation techniques used on 
individuals to create group-think have been unleashed on the global 
population in general. As a result many have no capacity to see the 
obvious fascist agenda being installed all around them or what 
‘Covid’ is really all about. Their brains are firewalled like a computer 
system not to process certain concepts, thoughts and realisations that 
are bad for the Cult. The young are most targeted as the adults they 


will be when the whole fascist global state is planned to be fully 
implemented. They need to be prepared for total compliance to 
eliminate all pushback from entire generations. The Cult has been 
pouring billions into taking complete control of ‘education’ from 
schools to universities via its operatives and corporations and not 
least Bill Gates as always. The plan has been to transform ‘education’ 
institutions into programming centres for the mentality of “Woke’. 
James McConnell, professor of psychology at the University of 
Michigan, wrote in Psychology Today in 1970: 


The day has come when we can combine sensory deprivation with drugs, hypnosis, and 
astute manipulation of reward and punishment, to gain almost absolute control over an 
individual’s behaviour. It should then be possible to achieve a very rapid and highly effective 
type of brainwashing that would allow us to make dramatic changes in a person’s behaviour 
and personality ... 


... We should reshape society so that we all would be trained from birth to want to do what 
society wants us to do. We have the techniques to do it... no-one owns his own personality 
you acquired, and there’s no reason to believe you should have the right to refuse to acquire a 
new personality if your old one is anti-social. 


This was the potential for mass brainwashing in 1970 and the 
mentality there displayed captures the arrogant psychopathy that 
drives it forward. I emphasise that not all young people have 
succumbed to Woke programming and those that haven’t are 
incredibly impressive people given that today’s young are the most 
perceptually-targeted generations in history with all the technology 
now involved. Vast swathes of the young generations, however, have 
fallen into the spell — and that’s what it is — of Woke. The Woke 
mentality and perceptual program is founded on inversion and you 
will appreciate later why that is so significant. Everything with Woke 
is inverted and the opposite of what it is claimed to be. Woke was a 
term used in African-American culture from the 1900s and referred 
to an awareness of social and racial justice. This is not the meaning 
of the modern version or ‘New Woke’ as I call it in The Answer. Oh, 
no, Woke today means something very different no matter how 
much Wokers may seek to hide that and insist Old Woke and New 


Woke are the same. See if you find any ‘awareness of social justice’ 
here in the modern variety: 


e¢ Woke demands ‘inclusivity’ while excluding anyone with a 
different opinion and calls for mass censorship to silence other 
views. 


e Woke claims to stand against oppression when imposing 
oppression is the foundation of all that it does. It is the driver of 
political correctness which is nothing more than a Cult invention 
to manipulate the population to silence itself. 


¢ Woke believes itself to be ‘liberal’ while pursuing a global society 
that can only be described as fascist (see ‘anti-fascist’ fascist 
Antifa). 


¢ Woke calls for ‘social justice’ while spreading injustice wherever it 
goes against the common ‘enemy’ which can be easily identified 
as a differing view. 


e Woke is supposed to be a metaphor for ‘awake’ when it is solid- 
gold asleep and deep in a Cult-induced coma that meets the 
criteria for ‘off with the fairies’. 


I state these points as obvious facts if people only care to look. I 
don’t do this with a sense of condemnation. We need to appreciate 
that the onslaught of perceptual programming on the young has 
been incessant and merciless. I can understand why so many have 
been reframed, or, given their youth, framed from the start to see the 
world as the Cult demands. The Cult has had access to their minds 
day after day in its ‘education’ system for their entire formative 
years. Perception is formed from information received and the Cult- 
created system is a life-long download of information delivered to 
elicit a particular perception, thus behaviour. The more this has 
expanded into still new extremes in recent decades and ever- 
increasing censorship has deleted other opinions and information 
why wouldn't that lead to a perceptual reframing on a mass scale? I 


have described already cradle-to-grave programming and in more 
recent times the targeting of young minds from birth to adulthood 
has entered the stratosphere. This has taken the form of skewing 
what is ‘taught’ to fit the Cult agenda and the omnipresent 
techniques of group-think to isolate non-believers and pressure them 
into line. There has always been a tendency to follow the herd, but 
we really are in anew world now in relation to that. We have parents 
who can see the ‘Covid’ hoax told by their children not to stop them 
wearing masks at school, being “Covid’ tested or having the ‘vaccine’ 
in fear of the peer-pressure consequences of being different. What is 
‘peer-pressure’ if not pressure to conform to group-think? Renegade 
Minds never group-think and always retain a set of perceptions that 
are unique to them. Group-think is always underpinned by 
consequences for not group-thinking. Abuse now aimed at those 
refusing DNA-manipulating ‘Covid vaccines’ are a potent example 
of this. The biggest pressure to conform comes from the very group 
which is itself being manipulated. ‘I am programmed to be part of a 
hive mind and so you must be.’ 


Woke control structures in ‘education’ now apply to every 
mainstream organisation. Those at the top of the ‘education’ 
hierarchy (the Cult) decide the policy. This is imposed on 
governments through the Cult network; governments impose it on 
schools, colleges and universities; their leadership impose the policy 
on teachers and academics and they impose it on children and 
students. At any level where there is resistance, perhaps from a 
teacher or university lecturer, they are targeted by the authorities 
and often fired. Students themselves regularly demand the dismissal 
of academics (increasingly few) at odds with the narrative that the 
students have been programmed to believe in. It is quite a thought 
that students who are being targeted by the Cult become so 
consumed by programmed group-think that they launch protests 
and demand the removal of those who are trying to push back 
against those targeting the students. Such is the scale of perceptual 
inversion. We see this with ‘Covid’ programming as the Cult 
imposes the rules via psycho-psychologists and governments on 


shops, transport companies and businesses which impose them on 
their staff who impose them on their customers who pressure 
Pushbackers to conform to the will of the Cult which is in the 
process of destroying them and their families. Scan all aspects of 
society and you will see the same sequence every time. 


Fact free Woke and hijacking the ‘left 

There is no more potent example of this than ‘Woke’, a mentality 
only made possible by the deletion of factual evidence by an 
‘education’ system seeking to produce an ever more uniform society. 
Why would you bother with facts when you don’t know any? 
Deletion of credible history both in volume and type is highly 
relevant. Orwell said: ‘Who controls the past controls the future: 
who controls the present controls the past.’ They who control the 
perception of the past control the perception of the future and they 
who control the present control the perception of the past through 
the writing and deleting of history. Why would you oppose the 
imposition of Marxism in the name of Wokeism when you don’t 
know that Marxism cost at least 100 million lives in the 20th century 
alone? Watch videos and read reports in which Woker generations 
are asked basic historical questions — it’s mind-blowing. A survey of 
2,000 people found that six percent of millennials (born 
approximately early1980s to early 2000s) believed the Second World 
War (1939-1945) broke out with the assassination of President 
Kennedy (in 1963) and one in ten thought Margaret Thatcher was 
British Prime Minister at the time. She was in office between 1979 
and 1990. We are in a post-fact society. Provable facts are no defence 
against the fascism of political correctness or Silicon Valley 
censorship. Facts don’t matter anymore as we have witnessed with 
the ‘Covid’ hoax. Sacrificing uniqueness to the Woke group-think 
religion is all you are required to do and that means thinking for 
yourself is the biggest Woke no, no. All religions are an expression of 
group-think and censorship and Woke is just another religion with 
an orthodoxy defended by group-think and censorship. Burned at 


the stake becomes burned on Twitter which leads back eventually to 
burned at the stake as Woke humanity regresses to ages past. 


The biggest Woke inversion of all is its creators and funders. I 
grew up in a traditional left of centre political household on a 
council estate in Leicester in the 1950s and 60s — you know, the left 
that challenged the power of wealth-hoarding elites and threats to 
freedom of speech and opinion. In those days students went on 
marches defending freedom of speech while today’s Wokers march 
for its deletion. What on earth could have happened? Those very 
elites (collectively the Cult) that we opposed in my youth and early 
life have funded into existence the antithesis of that former left and 
hijacked the ‘brand’ while inverting everything it ever stood for. We 
have a mentality that calls itself ‘liberal’ and ‘progressive’ while 
acting like fascists. Cult billionaires and their corporations have 
funded themselves into control of ‘education’ to ensure that Woke 
programming is unceasing throughout the formative years of 
children and young people and that non-Wokers are isolated (that 
word again) whether they be students, teachers or college professors. 
The Cult has funded into existence the now colossal global network 
of Woke organisations that have spawned and promoted all the 
‘causes’ on the Cult wish-list for global transformation and turned 
Wokers into demanders of them. Does anyone really think it’s a 
coincidence that the Cult agenda for humanity is a carbon (sorry) 
copy of the societal transformations desired by Woke?? These are 
only some of them: 


Political correctness: The means by which the Cult deletes all public 
debates that it knows it cannot win if we had the free-flow of 
information and evidence. 


Human-caused ‘climate change’: The means by which the Cult 
seeks to transform society into a globally-controlled dictatorship 
imposing its will over the fine detail of everyone’s lives ‘to save the 
planet’ which doesn’t actually need saving. 


Transgender obsession: Preparing collective perception to accept the 
‘new human’ which would not have genders because it would be 
created technologically and not through procreation. I'll have much 
more on this in Human 2.0. 


Race obsession: The means by which the Cult seeks to divide and 
rule the population by triggering racial division through the 
perception that society is more racist than ever when the opposite is 
the case. Is it perfect in that regard? No. But to compare today with 
the racism of apartheid and segregation brought to an end by the 
civil rights movement in the 1960s is to insult the memory of that 
movement and inspirations like Martin Luther King. Why is the 
‘anti-racism’ industry (which it is) so dominated by privileged white 
people? 


White supremacy: This is a label used by privileged white people to 
demonise poor and deprived white people pushing back on tyranny 
to marginalise and destroy them. White people are being especially 
targeted as the dominant race by number within Western society 
which the Cult seeks to transform in its image. If you want to change 
a society you must weaken and undermine its biggest group and 
once you have done that by using the other groups you next turn on 
them to do the same ... ‘Then they came for the Jews and I was not a 
Jew so I did nothing.’ 


Mass migration: The mass movement of people from the Middle 
East, Africa and Asia into Europe, from the south into the United 
States and from Asia into Australia are another way the Cult seeks to 
dilute the racial, cultural and political influence of white people on 
Western society. White people ask why their governments appear to 
be working against them while being politically and culturally 
biased towards incoming cultures. Well, here’s your answer. In the 
same way sexually ‘straight’ people, men and women, ask why the 


authorities are biased against them in favour of other sexualities. The 
answer is the same — that’s the way the Cult wants it to be for very 
sinister motives. 


These are all central parts of the Cult agenda and central parts of the 
Woke agenda and Woke was created and continues to be funded to 
an immense degree by Cult billionaires and corporations. If anyone 
begins to say ‘coincidence’ the syllables should stick in their throat. 


Billionaire ‘social justice warriors’ 

Joe Biden is a 100 percent-owned asset of the Cult and the Wokers’ 
man in the White House whenever he can remember his name and 
for however long he lasts with his rapidly diminishing cognitive 
function. Even walking up the steps of an aircraft without falling on 
his arse would appear to be a challenge. He’s not an empty-shell 
puppet or anything. From the minute Biden took office (or the Cult 
did) he began his executive orders promoting the Woke wish-list. 
You will see the Woke agenda imposed ever more severely because 
it’s really the Cult agenda. Woke organisations and activist networks 
spawned by the Cult are funded to the extreme so long as they 
promote what the Cult wants to happen. Woke is funded to promote 
‘social justice’ by billionaires who become billionaires by destroying 
social justice. The social justice mantra is only a cover for 
dismantling social justice and funded by billionaires that couldn't 
give a damn about social justice. Everything makes sense when you 
see that. One of Woke’s premier funders is Cult billionaire financier 
George Soros who said: ‘I am basically there to make money, I 
cannot and do not look at the social consequences of what I do.’ This 
is the same Soros who has given more than $32 billion to his Open 
Society Foundations global Woke network and funded Black Lives 
Matter, mass immigration into Europe and the United States, 
transgender activism, climate change activism, political correctness 
and groups targeting ‘white supremacy’ in the form of privileged 
white thugs that dominate Antifa. What a scam it all is and when 


you are dealing with the unquestioning fact-free zone of Woke 
scamming them is child’s play. All you need to pull it off in all these 
organisations are a few in-the-know agents of the Cult and an army 
of naive, reframed, uninformed, narcissistic, know-nothings 
convinced of their own self-righteousness, self-purity and virtue. 


Soros and fellow billionaires and billionaire corporations have 
poured hundreds of millions into Black Lives Matter and connected 
groups and promoted them to a global audience. None of this is 
motivated by caring about black people. These are the billionaires 
that have controlled and exploited a system that leaves millions of 
black people in abject poverty and deprivation which they do 
absolutely nothing to address. The same Cult networks funding 
BLM were behind the slave trade! Black Lives Matter hijacked a 
phrase that few would challenge and they have turned this laudable 
concept into a political weapon to divide society. You know that 
BLM is a fraud when it claims that Al] Lives Matter, the most 
inclusive statement of all, is ‘racist’. BLM and its Cult masters don’t 
want to end racism. To them it’s a means to an end to control all of 
humanity never mind the colour, creed, culture or background. 
What has destroying the nuclear family got to do with ending 
racism? Nothing — but that is one of the goals of BLM and also 
happens to be a goal of the Cult as I have been exposing in my books 
for decades. Stealing children from loving parents and giving 
schools ever more power to override parents is part of that same 
agenda. BLM is a Marxist organisation and why would that not be 
the case when the Cult created Marxism and BLM? Patrisse Cullors, a 
BLM co-founder, said in a 2015 video that she and her fellow 
organisers, including co-founder Alicia Garza, are ‘trained Marxists’. 
The lady known after marriage as Patrisse Khan-Cullors bought a 
$1.4 million home in 2021 in one of the whitest areas of California 
with a black population of just 1.6 per cent and has so far bought four 
high-end homes for a total of $3.2 million. How very Marxist. There 
must be a bit of spare in the BLM coffers, however, when Cult 
corporations and billionaires have handed over the best part of $100 
million. Many black people can see that Black Lives Matter is not 


working for them, but against them, and this is still more 
confirmation. Black journalist Jason Whitlock, who had his account 
suspended by Twitter for simply linking to the story about the 
‘Marxist’s’ home buying spree, said that BLM leaders are ‘making 
millions of dollars off the backs of these dead black men who they 
wouldn't spit on if they were on fire and alive’. 


Black Lies Matter 


Cult assets and agencies came together to promote BLM in the wake 
of the death of career criminal George Floyd who had been jailed a 
number of times including for forcing his way into the home of a 
black woman with others in a raid in which a gun was pointed at her 
stomach. Floyd was filmed being held in a Minneapolis street in 2020 
with the knee of a police officer on his neck and he subsequently 
died. It was an appalling thing for the officer to do, but the same 
technique has been used by police on peaceful protestors of 
lockdown without any outcry from the Woke brigade. As 
unquestioning supporters of the Cult agenda Wokers have 
supported lockdown and all the ‘Covid’ claptrap while attacking 
anyone standing up to the tyranny imposed in its name. Court 
documents would later include details of an autopsy on Floyd by 
County Medical Examiner Dr Andrew Baker who concluded that 
Floyd had taken a fatal level of the drug fentanyl. None of this 
mattered to fact-free, question-free, Woke. Floyd’s death was 
followed by worldwide protests against police brutality amid calls to 
defund the police. Throwing babies out with the bathwater is a 
Woke speciality. In the wake of the murder of British woman Sarah 
Everard a Green Party member of the House of Lords, Baroness 
Jones of Moulescoomb (Nincompoopia would have been better), 
called for a 6pm curfew for all men. This would be in breach of the 
Geneva Conventions on war crimes which ban collective 
punishment, but that would never have crossed the black and white 
Woke mind of Baroness Nincompoopia who would have been far 
too convinced of her own self-righteousness to compute such details. 
Many American cities did defund the police in the face of Floyd riots 


and after $15 million was deleted from the police budget in 
Washington DC under useless Woke mayor Muriel Bowser car- 
jacking alone rose by 300 percent and within six months the US 
capital recorded its highest murder rate in 15 years. The same 
happened in Chicago and other cities in line with the Cult/Soros 
plan to bring fear to streets and neighbourhoods by reducing the 
police, releasing violent criminals and not prosecuting crime. This is 
the mob-rule agenda that I have warned in the books was coming for 
so long. Shootings in the area of Minneapolis where Floyd was 
arrested increased by 2,500 percent compared with the year before. 
Defunding the police over George Floyd has led to a big increase in 
dead people with many of them black. Police protection for 
politicians making these decisions stayed the same or increased as 
you would expect from professional hypocrites. The Cult doesn’t 
actually want to abolish the police. It wants to abolish local control 
over the police and hand it to federal government as the 
psychopaths advance the Hunger Games Society. Many George 
Floyd protests turned into violent riots with black stores and 
businesses destroyed by fire and looting across America fuelled by 
Black Lives Matter. Woke doesn’t do irony. If you want civil rights 
you must loot the liquor store and the supermarket and make off 
with a smart TV. It’s the only way. 


It's not a race war - it's a class war 

Black people are patronised by privileged blacks and whites alike 
and told they are victims of white supremacy. I find it extraordinary 
to watch privileged blacks supporting the very system and bloodline 
networks behind the slave trade and parroting the same Cult-serving 
manipulative crap of their privileged white, often billionaire, 
associates. It is indeed not a race war but a class war and colour is 
just a diversion. Black Senator Cory Booker and black 
Congresswoman Maxine Waters, more residents of Nincompoopia, 
personify this. Once you tell people they are victims of someone else 
you devalue both their own responsibility for their plight and the 
power they have to impact on their reality and experience. Instead 


we have: ‘You are only in your situation because of whitey — turn on 
them and everything will change.’ It won’t change. Nothing changes 
in our lives unless we change it. Crucial to that is never seeing 
yourself as a victim and always as the creator of your reality. Life is a 
simple sequence of choice and consequence. Make different choices 
and you create different consequences. You have to make those 
choices — not Black Lives Matter, the Woke Mafia and anyone else 
that seeks to dictate your life. Who are they these Wokers, an 
emotional and psychological road traffic accident, to tell you what to 
do? Personal empowerment is the last thing the Cult and its Black 
Lives Matter want black people or anyone else to have. They claim to 
be defending the underdog while creating and perpetuating the 
underdog. The Cult’s worst nightmare is human unity and if they 
are going to keep blacks, whites and every other race under 
economic servitude and control then the focus must be diverted 
from what they have in common to what they can be manipulated to 
believe divides them. Blacks have to be told that their poverty and 
plight is the fault of the white bloke living on the street in the same 
poverty and with the same plight they are experiencing. The 
difference is that your plight black people is due to him, a white 
supremacist with ‘white privilege’ living on the street. Don’t unite as 
one human family against your mutual oppressors and suppressors 
— fight the oppressor with the white face who is as financially 
deprived as you are. The Cult knows that as its ‘Covid’ agenda 
moves into still new levels of extremism people are going to respond 
and it has been spreading the seeds of disunity everywhere to stop a 
united response to the evil that targets all of us. 


Racist attacks on ‘whiteness’ are getting ever more outrageous and 
especially through the American Democratic Party which has an 
appalling history for anti-black racism. Barack Obama, Joe Biden, 
Hillary Clinton and Nancy Pelosi all eulogised about Senator Robert 
Byrd at his funeral in 2010 after a nearly 60-year career in Congress. 
Byrd was a brutal Ku Klux Klan racist and a violent abuser of Cathy 
O’Brien in MKUltra. He said he would never fight in the military 
‘with a negro by my side’ and ‘rather I should die a thousand times, 


and see Old Glory trampled in the dirt never to rise again, than to 
see this beloved land of ours become degraded by race mongrels, a 
throwback to the blackest specimen from the wilds’. Biden called 
Byrd a ‘very close friend and mentor’. These ‘Woke’ hypocrites are 
not anti-racist they are anti-poor and anti-people not of their 
perceived class. Here is an illustration of the scale of anti-white 
racism to which we have now descended. Seriously Woke and 
moronic New York Times contributor Damon Young described 
whiteness as a ‘virus’ that ‘like other viruses will not die until there 
are no bodies left for it to infect’. He went on: ’... the only way to 
stop it is to locate it, isolate it, extract it, and kill it.’ Young can say 
that as a black man with no consequences when a white man saying 
the same in reverse would be facing a jail sentence. That’s racism. We 
had super-Woke numbskull senators Tammy Duckworth and Mazie 
Hirono saying they would object to future Biden Cabinet 
appointments if he did not nominate more Asian Americans and 
Pacific Islanders. Never mind the ability of the candidate what do 
they look like? Duckworth said: ‘I will vote for racial minorities and I 
will vote for LGBTQ, but anyone else I’m not voting for.’ Appointing 
people on the grounds of race is illegal, but that was not a problem 
for this ludicrous pair. They were on-message and that’s a free pass 
in any situation. 


White children are told at school they are intrinsically racist as they 
are taught the divisive ‘critical race theory’. This claims that the law 
and legal institutions are inherently racist and that race is a socially 
constructed concept used by white people to further their economic 
and political interests at the expense of people of colour. White is a 
‘virus’ as we've seen. Racial inequality results from ‘social, 
economic, and legal differences that white people create between 
races to maintain white interests which leads to poverty and 
criminality in minority communities’. I must tell that to the white 
guy sleeping on the street. The principal of East Side Community 
School in New York sent white parents a manifesto that called on 


them to become ‘white traitors’ and advocate for full “white 
abolition’. These people are teaching your kids when they urgently 
need a psychiatrist. The ‘school’ included a chart with ‘eight white 
identities’ that ranged from ‘white supremacist’ to ‘white abolition’ 
and defined the behaviour white people must follow to end ‘the 
regime of whiteness’. Woke blacks and their privileged white 
associates are acting exactly like the slave owners of old and Ku Klux 
Klan racists like Robert Byrd. They are too full of their own self- 
purity to see that, but it’s true. Racism is not a body type; it’s a state 
of mind that can manifest through any colour, creed or culture. 


Another racial fraud is ‘equity’. Not equality of treatment and 
opportunity — equity. It’s a term spun as equality when it means 
something very different. Equality in its true sense is a raising up 
while ‘equity’ is a race to the bottom. Everyone in the same level of 
poverty is ‘equity’. Keep everyone down - that’s equity. The Cult 
doesn’t want anyone in the human family to be empowered and 
BLM leaders, like all these ‘anti-racist’ organisations, continue their 
privileged, pampered existence by perpetuating the perception of 
gathering racism. When is the last time you heard an ‘anti-racist’ or 
‘anti-Semitism’ organisation say that acts of racism and 
discrimination have fallen? It’s not in the interests of their fund- 
raising and power to influence and the same goes for the 
professional soccer anti-racism operation, Kick It Out. Two things 
confirmed that the Black Lives Matter riots in the summer of 2020 
were Cult creations. One was that while anti-lockdown protests were 
condemned in this same period for ‘transmitting ‘Covid’ the 
authorities supported mass gatherings of Black Lives Matter 
supporters. I even saw self-deluding people claiming to be doctors 
say the two types of protest were not the same. No — the non-existent 
‘Covid’ was in favour of lockdowns and attacked those that 
protested against them while ‘Covid’ supported Black Lives Matter 
and kept well away from its protests. The whole thing was a joke 
and as lockdown protestors were arrested, often brutally, by 
reframed Face-Nappies we had the grotesque sight of police officers 
taking the knee to Black Lives Matter, a Cult-funded Marxist 


organisation that supports violent riots and wants to destroy the 
nuclear family and white people. 


He’s not white? Shucks! 

Woke obsession with race was on display again when ten people 
were shot dead in Boulder, Colorado, in March, 2021. Cult-owned 
Woke TV channels like CNN said the shooter appeared to be a white 
man and Wokers were on Twitter condemning ‘violent white men’ 
with the usual mantras. Then the shooter’s name was released as 
Ahmad Al Aliwi Alissa, an anti-Trump Arab-American, and the sigh 
of disappointment could be heard five miles away. Never mind that 
ten people were dead and what that meant for their families. Race 
baiting was all that mattered to these sick Cult-serving people like 
Barack Obama who exploited the deaths to further divide America 
on racial grounds which is his job for the Cult. This is the man that 
‘racist’ white Americans made the first black president of the United 
States and then gave him a second term. Not-very-bright Obama has 
become filthy rich on the back of that and today appears to have a 
big influence on the Biden administration. Even so he’s still a 
downtrodden black man and a victim of white supremacy. This 
disingenuous fraud reveals the contempt he has for black people 
when he puts on a Deep South Alabama accent whenever he talks to 
them, no, at them. 


Another BLM red flag was how the now fully-Woke (fully-Cult) 
and fully-virtue-signalled professional soccer authorities had their 
teams taking the knee before every match in support of Marxist 
Black Lives Matter. Soccer authorities and clubs displayed ‘Black 
Lives Matter’ on the players’ shirts and flashed the name on 
electronic billboards around the pitch. Any fans that condemned 
what is a Freemasonic taking-the-knee ritual were widely 
condemned as you would expect from the Woke virtue-signallers of 
professional sport and the now fully-Woke media. We have reverse 
racism in which you are banned from criticising any race or culture 
except for white people for whom anything goes — say what you like, 
no problem. What has this got to do with racial harmony and 


equality? We’ve had black supremacists from Black Lives Matter 
telling white people to fall to their knees in the street and apologise 
for their white supremacy. Black supremacists acting like white 
supremacist slave owners of the past couldn't breach their self- 
obsessed, race-obsessed sense of self-purity. Joe Biden appointed a 
race-obsessed black supremacist Kristen Clarke to head the Justice 
Department Civil Rights Division. Clarke claimed that blacks are 
endowed with ‘greater mental, physical and spiritual abilities’ than 
whites. If anyone reversed that statement they would be vilified. 
Clarke is on-message so no problem. She’s never seen a black-white 
situation in which the black figure is anything but a virtuous victim 
and she heads the Civil Rights Division which should treat everyone 
the same or it isn’t civil rights. Another perception of the Renegade 
Mind: If something or someone is part of the Cult agenda they will 
be supported by Woke governments and media no matter what. If 
they’re not, they will be condemned and censored. It really is that 
simple and so racist Clarke prospers despite (make that because of) 
her racism. 


The end of culture 


Biden’s administration is full of such racial, cultural and economic 
bias as the Cult requires the human family to be divided into 
watring factions. We are now seeing racially-segregated graduations 
and everything, but everything, is defined through the lens of 
perceived ‘racism. We have ‘racist’ mathematics, ‘racist’ food and 
even ‘racist’ plants. World famous Kew Gardens in London said it 
was changing labels on plants and flowers to tell its pre-‘Covid’ 
more than two million visitors a year how racist they are. Kew 
director Richard Deverell said this was part of an effort to “move 
quickly to decolonise collections’ after they were approached by one 
Ajay Chhabra ‘an actor with an insight into how sugar cane was 
linked to slavery’. They are plants you idiots. ‘Decolonisation’ in the 
Woke manual really means colonisation of society with its mentality 
and by extension colonisation by the Cult. We are witnessing a new 
Chinese-style ‘Cultural Revolution’ so essential to the success of all 


Marxist takeovers. Our cultural past and traditions have to be swept 
away to allow a new culture to be built-back-better. Woke targeting 
of long-standing Western cultural pillars including historical 
monuments and cancelling of historical figures is what happened in 
the Mao revolution in China which ‘purged remnants of capitalist 
and traditional elements from Chinese society’ and installed Maoism 
as the dominant ideology’. For China see the Western world today 
and for ‘dominant ideology’ see Woke. Better still see Marxism or 
Maoism. The ‘Covid’ hoax has specifically sought to destroy the arts 
and all elements of Western culture from people meeting in a pub or 
restaurant to closing theatres, music venues, sports stadiums, places 
of worship and even banning singing. Destruction of Western society 
is also why criticism of any religion is banned except for Christianity 
which again is the dominant religion as white is the numerically- 
dominant race. Christianity may be fading rapidly, but its history 
and traditions are weaved through the fabric of Western society. 
Delete the pillars and other structures will follow until the whole 
thing collapses. I am not a Christian defending that religion when I 
say that. I have no religion. It’s just a fact. To this end Christianity 
has itself been turned Woke to usher its own downfall and its ranks 
are awash with ‘change agents’ — knowing and unknowing — at 
every level including Pope Francis (definitely knowing) and the 
clueless Archbishop of Canterbury Justin Welby (possibly not, but 
who can be sure?). Woke seeks to coordinate attacks on Western 
culture, traditions, and ways of life through ‘intersectionality’ 
defined as ‘the complex, cumulative way in which the effects of 
multiple forms of discrimination (such as racism, sexism, and 
classism) combine, overlap, or intersect especially in the experiences 
of marginalised individuals or groups’. Wade through the Orwellian 
Woke-speak and this means coordinating disparate groups in a 
common cause to overthrow freedom and liberal values. 


The entire structure of public institutions has been infested with 
Woke — government at all levels, political parties, police, military, 
schools, universities, advertising, media and trade unions. This 
abomination has been achieved through the Cult web by appointing 


Wokers to positions of power and battering non-Wokers into line 
through intimidation, isolation and threats to their job. Many have 
been fired in the wake of the empathy-deleted, vicious hostility of 
‘social justice’ Wokers and the desire of gutless, spineless employers 
to virtue-signal their Wokeness. Corporations are filled with Wokers 
today, most notably those in Silicon Valley. Ironically at the top they 
are not Woke at all. They are only exploiting the mentality their Cult 
masters have created and funded to censor and enslave while the 
Wokers cheer them on until it’s their turn. Thus the Woke ‘liberal 
left’ is an inversion of the traditional liberal left. Campaigning for 
justice on the grounds of power and wealth distribution has been 
replaced by campaigning for identity politics. The genuine 
traditional left would never have taken money from today’s 
billionaire abusers of fairness and justice and nor would the 
billionaires have wanted to fund that genuine left. It would not have 
been in their interests to do so. The division of opinion in those days 
was between the haves and have nots. This all changed with Cult 
manipulated and funded identity politics. The division of opinion 
today is between Wokers and non-Wokers and not income brackets. 
Cult corporations and their billionaires may have taken wealth 
disparity to cataclysmic levels of injustice, but as long as they speak 
the language of Woke, hand out the dosh to the Woke network and 
censor the enemy they are ‘one of us’. Billionaires who don’t give a 
damn about injustice are laughing at them till their bellies hurt. 
Wokers are not even close to self-aware enough to see that. The 
transformed ‘left’ dynamic means that Wokers who drone on about 
‘social justice’ are funded by billionaires that have destroyed social 
justice the world over. It’s why they are billionaires. 


The climate con 

Nothing encapsulates what I have said more comprehensively than 
the hoax of human-caused global warming. I have detailed in my 
books over the years how Cult operatives and organisations were the 


pump-primers from the start of the climate con. A purpose-built 
vehicle for this is the Club of Rome established by the Cult in 1968 


with the Rockefellers and Rothschilds centrally involved all along. 
Their gofer frontman Maurice Strong, a Canadian oil millionaire, 
hosted the Earth Summit in Rio de Janeiro, Brazil, in 1992 where the 
global ‘green movement’ really expanded in earnest under the 
guiding hand of the Cult. The Earth Summit established Agenda 21 
through the Cult-created-and-owned United Nations to use the 
illusion of human-caused climate change to justify the 
transformation of global society to save the world from climate 
disaster. It is a No-Problem-Reaction-Solution sold through 
governments, media, schools and universities as whole generations 
have been terrified into believing that the world was going to end in 
their lifetimes unless what old people had inflicted upon them was 
stopped by a complete restructuring of how everything is done. 
Chill, kids, it’s all a hoax. Such restructuring is precisely what the 
Cult agenda demands (purely by coincidence of course). Today this 
has been given the codename of the Great Reset which is only an 
updated term for Agenda 21 and its associated Agenda 2030. The 
latter, too, is administered through the UN and was voted into being 
by the General Assembly in 2015. Both 21 and 2030 seek centralised 
control of all resources and food right down to the raindrops falling 
on your own land. These are some of the demands of Agenda 21 
established in 1992. See if you recognise this society emerging today: 


e End national sovereignty 

e State planning and management of all land resources, ecosystems, 
deserts, forests, mountains, oceans and fresh water; agriculture; 
rural development; biotechnology; and ensuring ‘equity’ 

e The state to ‘define the role’ of business and financial resources 

e Abolition of private property 

e ‘Restructuring’ the family unit (see BLM) 

¢ Children raised by the state 

¢ People told what their job will be 

e Major restrictions on movement 

¢ Creation of ‘human settlement zones’ 


e Mass resettlement as people are forced to vacate land where they 
live 

e Dumbing down education 

¢ Mass global depopulation in pursuit of all the above 


The United Nations was created as a Trojan horse for world 
government. With the climate con of critical importance to 
promoting that outcome you would expect the UN to be involved. 
Oh, it’s involved all right. The UN is promoting Agenda 21 and 
Agenda 2030 justified by ‘climate change’ while also driving the 
climate hoax through its Intergovernmental Panel on Climate 
Change (IPCC), one of the world’s most corrupt organisations. The 
IPCC has been lying ferociously and constantly since the day it 
opened its doors with the global media hanging unquestioningly on 
its every mendacious word. The Green movement is entirely Woke 
and has long lost its original environmental focus since it was co- 
opted by the Cult. An obsession with ‘global warming’ has deleted 
its values and scrambled its head. I experienced a small example of 
what I mean on a beautiful country walk that I have enjoyed several 
times a week for many years. The path merged into the fields and 
forests and you felt at one with the natural world. Then a ‘Green’ 
organisation, the Hampshire and Isle of Wight Wildlife Trust, took 
over part of the land and proceeded to cut down a large number of 
trees, including mature ones, to install a horrible big, bright steel 
‘this-is-ours-stay-out’ fence that destroyed the whole atmosphere of 
this beautiful place. No one with a feel for nature would do that. Day 
after day I walked to the sound of chainsaws and a magnificent 
mature weeping willow tree that Iso admired was cut down at the 
base of the trunk. When I challenged a Woke young girl in a green 
shirt (of course) about this vandalism she replied: ‘It’s a weeping 
willow — it will grow back.’ This is what people are paying for when 
they donate to the Hampshire and Isle of Wight Wildlife Trust and 
many other ‘green’ organisations today. It is not the environmental 
movement that I knew and instead has become a support-system — 
as with Extinction Rebellion — for a very dark agenda. 


Private jets for climate justice 

The Cult-owned, Gates-funded, World Economic Forum and its 
founder Klaus Schwab were behind the emergence of Greta 
Thunberg to harness the young behind the climate agenda and she 
was invited to speak to the world at ... the UN. Schwab published a 
book, Covid-19: The Great Reset in 2020 in which he used the ‘Covid’ 
hoax and the climate hoax to lay out a new society straight out of 
Agenda 21 and Agenda 2030. Bill Gates followed in early 2021 when 
he took time out from destroying the world to produce a book in his 
name about the way to save it. Gates flies across the world in private 
jets and admitted that ‘I probably have one of the highest 
greenhouse gas footprints of anyone on the planet ... my personal 
flying alone is gigantic.’ He has also bid for the planet’s biggest 
private jet operator. Other climate change saviours who fly in private 
jets include John Kerry, the US Special Presidential Envoy for 
Climate, and actor Leonardo DiCaprio, a ‘UN Messenger of Peace 
with special focus on climate change’. These people are so full of 
bullshit they could corner the market in manure. We mustn't be 
sceptical, though, because the Gates book, How to Avoid a Climate 
Disaster: The Solutions We Have and the Breakthroughs We Need, is a 
genuine attempt to protect the world and not an obvious pile of 
excrement attributed to a mega-psychopath aimed at selling his 
masters’ plans for humanity. The Gates book and the other shite-pile 
by Klaus Schwab could have been written by the same person and 
may well have been. Both use ‘climate change’ and ‘Covid’ as the 
excuses for their new society and by coincidence the Cult’s World 
Economic Forum and Bill and Melinda Gates Foundation promote 
the climate hoax and hosted Event 201 which pre-empted with a 
‘simulation’ the very ‘coronavirus’ hoax that would be simulated for 
real on humanity within weeks. The British ‘royal’ family is 
promoting the ‘Reset’ as you would expect through Prince ‘climate 
change caused the war in Syria’ Charles and his hapless son Prince 
William who said that we must ‘reset our relationship with nature 
and our trajectory as a species’ to avoid a climate disaster. Amazing 
how many promotors of the ‘Covid’ and ‘climate change’ control 


systems are connected to Gates and the World Economic Forum. A 
‘study’ in early 2021 claimed that carbon dioxide emissions must fall 
by the equivalent of a global lockdown roughly every two years for 
the next decade to save the planet. The ‘study’ appeared in the same 
period that the Schwab mob claimed in a video that lockdowns 
destroying the lives of billions are good because they make the earth 
‘quieter’ with less ‘ambient noise’. They took down the video amid a 
public backlash for such arrogant, empathy-deleted stupidity You 
see, however, where they are going with this. Corinne Le Quéré, a 
professor at the Tyndall Centre for Climate Change Research, 
University of East Anglia, was lead author of the climate lockdown 
study, and she writes for ... the World Economic Forum. Gates calls 
in ‘his’ book for changing ‘every aspect of the economy’ (long-time 
Cult agenda) and for humans to eat synthetic ‘meat’ (predicted in 
my books) while cows and other farm animals are eliminated. 
Australian TV host and commentator Alan Jones described what 
carbon emission targets would mean for farm animals in Australia 
alone if emissions were reduced as demanded by 35 percent by 2030 
and zero by 2050: 


Well, let’s take agriculture, the total emissions from agriculture are about 75 million tonnes of 
carbon dioxide, equivalent. Now reduce that by 35 percent and you have to come down to 
50 million tonnes, I’ve done the maths. So if you take for example 1.5 million cows, you’re 
going to have to reduce the herd by 525,000 [by] 2030, nine years, that’s 58,000 cows a year. 
The beef herd’s 30 million, reduce that by 35 percent, that’s 10.5 million, which means 1.2 
million cattle have to go every year between now and 2030. This is insanity! 


There are 75 million sheep. Reduce that by 35 percent, that’s 26 million sheep, that’s almost 3 
million a year. So under the Paris Agreement over 30 million beasts. dairy cows, cattle, pigs 
and sheep would go. More than 8,000 every minute of every hour for the next decade, do 
these people know what they’re talking about? 


Clearly they don’t at the level of campaigners, politicians and 
administrators. The Cult does know; that’s the outcome it wants. We 
are faced with not just a war on humanity. Animals and the natural 
world are being targeted and I have been saying since the “Covid’ 
hoax began that the plan eventually was to claim that the ‘deadly 
virus’ is able to jump from animals, including farm animals and 


domestic pets, to humans. Just before this book went into production 
came this story: ‘Russia registers world’s first Covid-19 vaccine for 
cats & dogs as makers of Sputnik V warn pets & farm animals could 
spread virus’. The report said ‘top scientists warned that the deadly 
pathogen could soon begin spreading through homes and farms’ 
and ‘the next stage is the infection of farm and domestic animals’. 
Know the outcome and you'll see the journey. Think what that 
would mean for animals and keep your eye on a term called 
zoonosis or zoonotic diseases which transmit between animals and 
humans. The Cult wants to break the connection between animals 
and people as it does between people and people. Farm animals fit 
with the Cult agenda to transform food from natural to synthetic. 


The gas of life is killing us 

There can be few greater examples of Cult inversion than the 
condemnation of carbon dioxide as a dangerous pollutant when it is 
the gas of life. Without it the natural world would be dead and so we 
would all be dead. We breathe in oxygen and breathe out carbon 
dioxide while plants produce oxygen and absorb carbon dioxide. It 
is a perfect symbiotic relationship that the Cult wants to dismantle 
for reasons I will come to in the final two chapters. Gates, Schwab, 
other Cult operatives and mindless repeaters, want the world to be 
‘carbon neutral’ by at least 2050 and the earlier the better. ‘Zero 
carbon’ is the cry echoed by lunatics calling for ‘Zero Covid’ when 
we already have it. These carbon emission targets will 
deindustrialise the world in accordance with Cult plans — the post- 
industrial, post-democratic society — and with so-called renewables 
like solar and wind not coming even close to meeting human energy 
needs blackouts and cold are inevitable. Texans got the picture in the 
winter of 2021 when a snow storm stopped wind turbines and solar 
panels from working and the lights went down along with water 
which relies on electricity for its supply system. Gates wants 
everything to be powered by electricity to ensure that his masters 
have the kill switch to stop all human activity, movement, cooking, 
water and warmth any time they like. The climate lie is so 


stupendously inverted that it claims we must urgently reduce 
carbon dioxide when we don’t have enough. 

Co2 in the atmosphere is a little above 400 parts per million when 
the optimum for plant growth is 2,000 ppm and when it falls 
anywhere near 150 ppm the natural world starts to die and so do we. 
It fell to as low as 280 ppm in an 1880 measurement in Hawaii and 
rose to 413 ppm in 2019 with industrialisation which is why the 
planet has become greener in the industrial period. How insane then 
that psychopathic madman Gates is not satisfied only with blocking 
the rise of Co2. He’s funding technology to suck it out of the 
atmosphere. The reason why will become clear. The industrial era is 
not destroying the world through Co2 and has instead turned 
around a potentially disastrous ongoing fall in Co2. Greenpeace co- 
founder and scientist Patrick Moore walked away from Greenpeace 
in 1986 and has exposed the green movement for fear-mongering 
and lies. He said that 500 million years ago there was 17 times more 
Co2 in the atmosphere than we have today and levels have been 
falling for hundreds of millions of years. In the last 150 million years 
Co2 levels in Earth’s atmosphere had reduced by 90 percent. Moore 
said that by the time humanity began to unlock carbon dioxide from 
fossil fuels we were at ‘38 seconds to midnight’ and in that sense: 
‘Humans are [the Earth’s] salvation.’ Moore made the point that only 
half the Co2 emitted by fossil fuels stays in the atmosphere and we 
should remember that all pollution pouring from chimneys that we 
are told is carbon dioxide is in fact nothing of the kind. It’s pollution. 
Carbon dioxide is an invisible gas. 


William Happer, Professor of Physics at Princeton University and 
long-time government adviser on climate, has emphasised the Co2 
deficiency for maximum growth and food production. Greenhouse 
growers don’t add carbon dioxide for a bit of fun. He said that most 
of the warming in the last 100 years, after the earth emerged from 
the super-cold period of the ‘Little Ice Age’ into a natural warming 
cycle, was over by 1940. Happer said that a peak year for warming in 
1988 can be explained by a ‘monster El Nino’ which is a natural and 
cyclical warming of the Pacific that has nothing to do with ‘climate 


change’. He said the effect of Co2 could be compared to painting a 
wall with red paint in that once two or three coats have been applied 
it didn’t matter how much more you slapped on because the wall 
will not get much redder. Almost all the effect of the rise in Co2 has 
already happened, he said, and the volume in the atmosphere would 
now have to double to increase temperature by a single degree. 
Climate hoaxers know this and they have invented the most 
ridiculously complicated series of ‘feedback’ loops to try to 
overcome this rather devastating fact. You hear puppet Greta going 
on cluelessly about feedback loops and this is why. 


The Sun affects temperature? No you climate denier 

Some other nonsense to contemplate: Climate graphs show that rises 
in temperature do not follow rises in Co2 — it’s the other way round 
with a lag between the two of some 800 years. If we go back 800 
years from present time we hit the Medieval Warm Period when 
temperatures were higher than now without any industrialisation 
and this was followed by the Little Ice Age when temperatures 
plummeted. The world was still emerging from these centuries of 
serious cold when many climate records began which makes the 
ever-repeated line of the ‘hottest year since records began’ 
meaningless when you are not comparing like with like. The coldest 
period of the Little Ice Age corresponded with the lowest period of 
sunspot activity when the Sun was at its least active. Proper 
scientists will not be at all surprised by this when it confirms the 
obvious fact that earth temperature is affected by the scale of Sun 
activity and the energetic power that it subsequently emits; but 
when is the last time you heard a climate hoaxer talking about the 
Sun as a source of earth temperature?? Everything has to be focussed 
on Co2 which makes up just 0.117 percent of so-called greenhouse 
gases and only a fraction of even that is generated by human activity. 
The rest is natural. More than 90 percent of those greenhouse gases 
are water vapour and clouds (Fig 9). Ban moisture I say. Have you 
noticed that the climate hoaxers no longer use the polar bear as their 
promotion image? That’s because far from becoming extinct polar 


bear communities are stable or thriving. Joe Bastardi, American 
meteorologist, weather forecaster and outspoken critic of the climate 
lie, documents in his book The Climate Chronicles how weather 
patterns and events claimed to be evidence of climate change have 
been happening since long before industrialisation: ‘What happened 
before naturally is happening again, as is to be expected given the 
cyclical nature of the climate due to the design of the planet.’ If you 
read the detailed background to the climate hoax in my other books 
you will shake your head and wonder how anyone could believe the 
crap which has spawned a multi-trillion dollar industry based on 
absolute garbage (see HIV causes AIDs and Sars-Cov-2 causes 
‘Covid-19’). Climate and ‘Covid’ have much in common given they 
have the same source. They both have the contradictory everything 
factor in which everything is explained by reference to them. It’s hot 
— ‘it’s climate change’. It’s cold — ‘it’s climate change’. I got a sniffle — 
‘it’s Covid’. I haven’t got a sniffle — ‘it’s Covid’. Not having a sniffle 
has to be a symptom of ‘Covid’. Everything is and not having a 
sniffle is especially dangerous if you are a slow walker. For sheer 
audacity I offer you a Cambridge University ‘study’ that actually 
linked ‘Covid’ to ‘climate change’. It had to happen eventually. They 
concluded that climate change played a role in ‘Covid-19’ spreading 
from animals to humans because ... wait for it ... [kid you not ... the 
two groups were forced closer together as populations grow. Er, that’s it. 
The whole foundation on which this depended was that ‘Bats are the 
likely zoonotic origin of SARS-CoV-1 and SARS-CoV-2’. Well, they 
are not. They are nothing to do with it. Apart from bats not being the 
origin and therefore ‘climate change’ effects on bats being irrelevant 
I am in awe of their academic insight. Where would we be without 
them? Not where we are that’s for sure. 


Contribution to the Greenhouse Effect (including water vapour) 


i Natural mM 
100% — 


* 


Or 


o— 
Water vapour coz Methane N20 Misc. gases 


Figure 9: The idea that the gas of life is disastrously changing the climate is an insult to brain 
cell activity. 


One other point about the weather is that climate modification is 
now well advanced and not every major weather event is natural — 
or earthquake come to that. I cover this subject at some length in 
other books. China is openly planning a rapid expansion of its 
weather modification programme which includes changing the 
climate in an area more than one and a half times the size of India. 
China used weather manipulation to ensure clear skies during the 
2008 Olympics in Beijing. I have quoted from US military documents 
detailing how to employ weather manipulation as a weapon of war 
and they did that in the 1960s and 70s during the conflict in Vietnam 
with Operation Popeye manipulating monsoon rains for military 
purposes. Why would there be international treaties on weather 
modification if it wasn’t possible? Of course it is. Weather is 
energetic information and it can be changed. 


How was the climate hoax pulled off? See ‘Covid’ 

If you can get billions to believe in a ‘virus’ that doesn’t exist you can 
get them to believe in human-caused climate change that doesn’t 
exist. Both are being used by the Cult to transform global society in 
the way it has long planned. Both hoaxes have been achieved in 
pretty much the same way. First you declare a lie is a fact. There’s a 


‘virus’ you call SARS-Cov-2 or humans are warming the planet with 
their behaviour. Next this becomes, via Cult networks, the 
foundation of government, academic and science policy and belief. 
Those who parrot the mantra are given big grants to produce 
research that confirms the narrative is true and ever more 
‘symptoms’ are added to make the ‘virus’/’climate change’ sound 
even more scary. Scientists and researchers who challenge the 
narrative have their grants withdrawn and their careers destroyed. 
The media promote the lie as the unquestionable truth and censor 
those with an alternative view or evidence. A great percentage of the 
population believe what they are told as the lie becomes an 
everybody-knows-that and the believing-masses turn on those with 
a mind of their own. The technique has been used endlessly 
throughout human history. Wokers are the biggest promotors of the 
climate lie and ‘Covid’ fascism because their minds are owned by the 
Cult; their sense of self-righteous self-purity knows no bounds; and 
they exist in a bubble of reality in which facts are irrelevant and only 
get in the way of looking without seeing. 


Running through all of this like veins in a blue cheese is control of 
information, which means control of perception, which means 
control of behaviour, which collectively means control of human 
society. The Cult owns the global media and Silicon Valley fascists 
for the simple reason that it has to. Without control of information it 
can’t control perception and through that human society. Examine 
every facet of the Cult agenda and you will see that anything 
supporting its introduction is never censored while anything 
pushing back is always censored. I say again: Psychopaths that know 
why they are doing this must go before Nuremberg trials and those 
that follow their orders must trot along behind them into the same 
dock. ‘I was just following orders’ didn’t work the first time and it 
must not work now. Nuremberg trials must be held all over the 
world before public juries for politicians, government officials, 
police, compliant doctors, scientists and virologists, and all Cult 
operatives such as Gates, Tedros, Fauci, Vallance, Whitty, Ferguson, 
Zuckerberg, Wojcicki, Brin, Page, Dorsey, the whole damn lot of 


them -— including, no especially, the psychopath psychologists. 
Without them and the brainless, gutless excuses for journalists that 
have repeated their lies, none of this could be happening. Nobody 
can be allowed to escape justice for the psychological and economic 
Armageddon they are all responsible for visiting upon the human 
race. 

As for the compliant, unquestioning, swathes of humanity, and the 
self-obsessed, all-knowing ignorance of the Wokers ... don’t start me. 
God help their kids. God help their grandkids. God help them. 


CHAPTER NINE 
We must have it? So what is it? 


Well I won’t back down. No, I won’t back down. You can stand me 
up at the Gates of Hell. But | won’t back down 
Tom Petty 


will now focus on the genetically-manipulating ‘Covid vaccines’ 

which do not meet this official definition of a vaccine by the US 
Centers for Disease Control (CDC): ‘A product that stimulates a 
person’s immune system to produce immunity to a specific disease, 
protecting the person from that disease.’ On that basis ‘Covid 
vaccines’ are not a vaccine in that the makers don’t even claim they 
stop infection or transmission. 


They are instead part of a multi-levelled conspiracy to change the 
nature of the human body and what it means to be ‘human’ and to 
depopulate an enormous swathe of humanity. What I shall call 
Human 1.0 is on the cusp of becoming Human 2.0 and for very 
sinister reasons. Before I get to the ‘Covid vaccine’ in detail here’s 
some background to vaccines in general. Government regulators do 
not test vaccines — the makers do — and the makers control which 
data is revealed and which isn’t. Children in America are given 50 
vaccine doses by age six and 69 by age 19 and the effect of the whole 
combined schedule has never been tested. Autoimmune diseases 
when the immune system attacks its own body have soared in the 
mass vaccine era and so has disease in general in children and the 
young. Why wouldn't this be the case when vaccines target the 
immune system? The US government gave Big Pharma drug 


companies immunity from prosecution for vaccine death and injury 
in the 1986 National Childhood Vaccine Injury Act (NCVIA) and 
since then the government (taxpayer) has been funding 
compensation for the consequences of Big Pharma vaccines. The 
criminal and satanic drug giants can’t lose and the vaccine schedule 
has increased dramatically since 1986 for this reason. There is no 
incentive to make vaccines safe and a big incentive to make money 
by introducing ever more. Even against a ridiculously high bar to 
prove vaccine liability, and with the government controlling the 
hearing in which it is being challenged for compensation, the vaccine 
court has so far paid out more than $4 billion. These are the vaccines 
we are told are safe and psychopaths like Zuckerberg censor posts 
saying otherwise. The immunity law was even justified by a ruling 
that vaccines by their nature were ‘unavoidably unsafe’. 

Check out the ingredients of vaccines and you will be shocked if 
you are new to this. They put that in children’s bodies?? What?? Try 
aluminium, a brain toxin connected to dementia, aborted foetal 
tissue and formaldehyde which is used to embalm corpses. World- 
renowned aluminium expert Christopher Exley had his research into 
the health effect of aluminium in vaccines shut down by Keele 
University in the UK when it began taking funding from the Bill and 
Melinda Gates Foundation. Research when diseases ‘eradicated’ by 
vaccines began to decline and you will find the fall began long before 
the vaccine was introduced. Sometimes the fall even plateaued after 
the vaccine. Diseases like scarlet fever for which there was no 
vaccine declined in the same way because of environmental and 
other factors. A perfect case in point is the polio vaccine. Polio began 
when lead arsenate was first sprayed as an insecticide and residues 
remained in food products. Spraying started in 1892 and the first US 
polio epidemic came in Vermont in 1894. The simple answer was to 
stop spraying, but Rockefeller-created Big Pharma had a better idea. 
Polio was decreed to be caused by the poliovirus which ‘spreads from 
person to person and can infect a person’s spinal cord’. Lead 
arsenate was replaced by the lethal DDT which had the same effect 
of causing paralysis by damaging the brain and central nervous 


system. Polio plummeted when DDT was reduced and then banned, 
but the vaccine is still given the credit for something it didn’t do. 
Today by far the biggest cause of polio is the vaccines promoted by 
Bill Gates. Vaccine justice campaigner Robert Kennedy Jr, son of 
assassinated (by the Cult) US Attorney General Robert Kennedy, 
wrote: 


In 2017, the World Health Organization (WHO) reluctantly admitted that the global explosion 
in polio is predominantly vaccine strain. The most frightening epidemics in Congo, 
Afghanistan, and the Philippines, are all linked to vaccines. In fact, by 2018, 70% of global 
polio cases were vaccine strain. 


Vaccines make fortunes for Cult-owned Gates and Big Pharma 
while undermining the health and immune systems of the 
population. We had a glimpse of the mentality behind the Big 
Pharma cartel with a report on WION (World is One News), an 
international English language TV station based in India, which 
exposed the extraordinary behaviour of US drug company Pfizer 
over its ‘Covid vaccine’. The WION report told how Pfizer had made 
fantastic demands of Argentina, Brazil and other countries in return 
for its ‘vaccine’. These included immunity from prosecution, even 
for Pfizer negligence, government insurance to protect Pfizer from 
law suits and handing over as collateral sovereign assets of the 
country to include Argentina’s bank reserves, military bases and 
embassy buildings. Pfizer demanded the same of Brazil in the form 
of waiving sovereignty of its assets abroad; exempting Pfizer from 
Brazilian laws; and giving Pfizer immunity from all civil liability. 
This is a ‘vaccine’ developed with government funding. Big Pharma 
is evil incarnate as a creation of the Cult and all must be handed 
tickets to Nuremberg. 


Phantom ‘vaccine’ for a phantom ‘disease’ 

I’ll expose the ‘Covid vaccine’ fraud and then go on to the wider 
background of why the Cult has set out to ‘vaccinate’ every man, 
woman and child on the planet for an alleged ‘new disease’ with a 
survival rate of 99.77 percent (or more) even by the grotesquely- 


manipulated figures of the World Health Organization and Johns 
Hopkins University. The ‘infection’ to ‘death’ ratio is 0.23 to 0.15 
percent according to Stanford epidemiologist Dr John Ioannidis and 
while estimates vary the danger remains tiny. I say that if the truth 
be told the fake infection to fake death ratio is zero. Never mind all 
the evidence I have presented here and in The Answer that there is no 
‘virus’ let us just focus for a moment on that death-rate figure of say 
0.23 percent. The figure includes all those worldwide who have 
tested positive with a test not testing for the ‘virus’ and then died 
within 28 days or even longer of any other cause — any other cause. 
Now subtract all those illusory ‘Covid’ deaths on the global data 
sheets from the 0.23 percent. What do you think you would be left 
with? Zero. A vaccination has never been successfully developed for 
a so-called coronavirus. They have all failed at the animal testing 
stage when they caused hypersensitivity to what they were claiming 
to protect against and made the impact of a disease far worse. Cult- 
owned vaccine corporations got around that problem this time by 
bypassing animal trials, going straight to humans and making the 
length of the ‘trials’ before the public rollout as short as they could 
get away with. Normally it takes five to ten years or more to develop 
vaccines that still cause demonstrable harm to many people and 
that’s without including the long-term effects that are never officially 
connected to the vaccination. ‘Covid’ non-vaccines have been 
officially produced and approved in a matter of months from a 
standing start and part of the reason is that (a) they were developed 
before the ‘Covid’ hoax began and (b) they are based on computer 
programs and not natural sources. Official non-trials were so short 
that government agencies gave emergency, not full, approval. ‘Trials’ 
were not even completed and full approval cannot be secured until 
they are. Public ‘Covid vaccination’ is actually a continuation of the 
trial. Drug company ‘trials’ are not scheduled to end until 2023 by 
which time a lot of people are going to be dead. Data on which 
government agencies gave this emergency approval was supplied by 
the Big Pharma corporations themselves in the form of 
Pfizer/BioNTech, AstraZeneca, Moderna, Johnson & Johnson, and 


others, and this is the case with all vaccines. By its very nature 
emergency approval means drug companies do not have to prove that 
the ‘vaccine’ is ‘safe and effective’. How could they with trials way 
short of complete? Government regulators only have to believe that 
they could be safe and effective. It is criminal manipulation to get 
products in circulation with no testing worth the name. Agencies 
giving that approval are infested with Big Pharma-connected place- 
people and they act in the interests of Big Pharma (the Cult) and not 
the public about whom they do not give a damn. 


More human lab rats 

‘Covid vaccines’ produced in record time by Pfizer/BioNTech and 
Moderna employ a technique never approved before for use on humans. 
They are known as mRNA ‘vaccines’ and inject a synthetic version of 
‘viral’ mRNA or ‘messenger RNA’. The key is in the term 
‘messenger’. The body works, or doesn’t, on the basis of information 
messaging. Communications are constantly passing between and 
within the genetic system and the brain. Change those messages and 
you change the state of the body and even its very nature and you 
can change psychology and behaviour by the way the brain 
processes information. I think you are going to see significant 
changes in personality and perception of many people who have had 
the ‘Covid vaccine’ synthetic potions. Insider Aldous Huxley 
predicted the following in 1961 and mRNA ‘vaccines’ can be 
included in the term ‘pharmacological methods’: 


There will be, in the next generation or so, a pharmacological method of making people love 
their servitude, and producing dictatorship without tears, so to speak, producing a kind of 
painless concentration camp for entire societies, so that people will in fact have their own 
liberties taken away from them, but rather enjoy it, because they will be distracted from any 
desire to rebel by propaganda or brainwashing, or brainwashing enhanced by 
pharmacological methods. And this seems to be the final revolution. 


Apologists claim that mRNA synthetic ‘vaccines’ don’t change the 
DNA genetic blueprint because RNA does not affect DNA only the 
other way round. This is so disingenuous. A process called ‘reverse 


transcription’ can convert RNA into DNA and be integrated into 
DNA in the cell nucleus. This was highlighted in December, 2020, by 
scientists at Harvard and Massachusetts Institute of Technology 
(MIT). Geneticists report that more than 40 percent of mammalian 
genomes results from reverse transcription. On the most basic level 
if messaging changes then that sequence must lead to changes in 
DNA which is receiving and transmitting those communications. 
How can introducing synthetic material into cells not change the 
cells where DNA is located? The process is known as transfection 
which is defined as ‘a technique to insert foreign nucleic acid (DNA 
or RNA) into a cell, typically with the intention of altering the 
properties of the cell’. Researchers at the Sloan Kettering Institute in 
New York found that changes in messenger RNA can deactivate 
tumour-suppressing proteins and thereby promote cancer. This is 
what happens when you mess with messaging. ‘Covid vaccine’ 
maker Moderna was founded in 2010 by Canadian stem cell 
biologist Derrick J. Rossi after his breakthrough discovery in the field 
of transforming and reprogramming stem cells. These are neutral 
cells that can be programmed to become any cell including sperm 
cells. Moderna was therefore founded on the principle of genetic 
manipulation and has never produced any vaccine or drug before its 
genetically-manipulating synthetic ‘Covid’ shite. Look at the name — 
Mode-RNA or Modify-RNA. Another important point is that the US 
Supreme Court has ruled that genetically-modified DNA, or 
complementary DNA (cDNA) synthesized in the laboratory from 
messenger RNA, can be patented and owned. These psychopaths are 
doing this to the human body. 

Cells replicate synthetic mRNA in the ‘Covid vaccines’ and in 
theory the body is tricked into making antigens which trigger 
antibodies to target the ‘virus spike proteins’ which as Dr Tom 
Cowan said have never been seen. Cut the crap and these ‘vaccines’ 
deliver self-replicating synthetic material to the cells with the effect of 
changing human DNA. The more of them you have the more that 
process is compounded while synthetic material is all the time self- 
replicating. ‘Vaccine’-maker Moderna describes mRNA as ‘like 


software for the cell’ and so they are messing with the body’s 
software. What happens when you change the software in a 
computer? Everything changes. For this reason the Cult is preparing 
a production line of mRNA ‘Covid vaccines’ and a long list of 
excuses to use them as with all the ‘variants’ of a ‘virus’ never shown 
to exist. The plan is further to transfer the mRNA technique to other 
vaccines mostly given to children and young people. The cumulative 
consequences will be a transformation of human DNA through a 
constant infusion of synthetic genetic material which will kill many 
and change the rest. Now consider that governments that have given 
emergency approval for a vaccine that’s not a vaccine; never been 
approved for humans before; had no testing worth the name; and 
the makers have been given immunity from prosecution for any 
deaths or adverse effects suffered by the public. The UK government 
awarded permanent legal indemnity to itself and its employees for 
harm done when a patient is being treated for ‘Covid-19’ or 
‘suspected Covid-19’. That is quite a thought when these are possible 
‘side-effects’ from the ‘vaccine’ (they are not ‘side’, they are effects) 
listed by the US Food and Drug Administration: 


Guillain-Barre syndrome; acute disseminated encephalomyelitis; 
transverse myelitis; encephalitis; myelitis; encephalomyelitis; 
meningoencephalitis; meningitis; encephalopathy; convulsions; 
seizures; stroke; narcolepsy; cataplexy; anaphylaxis; acute 
myocardial infarction (heart attack); myocarditis; pericarditis; 
autoimmune disease; death; implications for pregnancy, and birth 
outcomes; other acute demyelinating diseases; non anaphylactic 
allergy reactions; thrombocytopenia ; disseminated intravascular 
coagulation; venous thromboembolism; arthritis; arthralgia; joint 
pain; Kawasaki disease; multisystem inflammatory syndrome in 
children; vaccine enhanced disease. The latter is the way the 
‘vaccine’ has the potential to make diseases far worse than they 
would otherwise be. 


UK doctor and freedom campaigner Vernon Coleman described 
the conditions in this list as ‘all unpleasant, most of them very 
serious, and you can’t get more serious than death’. The thought that 
anyone at all has had the ‘vaccine’ in these circumstances is 
testament to the potential that humanity has for clueless, 
unquestioning, stupidity and for many that programmed stupidity 
has already been terminal. 


Dr Michael Yeadon is a former Vice President, head of research and 
Chief Scientific Adviser at vaccine giant Pfizer. Yeadon worked on 
the inside of Big Pharma, but that did not stop him becoming a vocal 
critic of “Covid vaccines’ and their potential for multiple harms, 
including infertility in women. By the spring of 2021 he went much 
further and even used the no, no, term ‘conspiracy’. When you begin 
to see what is going on it is impossible not to do so. Yeadon spoke 
out in an interview with freedom campaigner James Delingpole and 
I mentioned earlier how he said that no one had samples of ‘the 
virus’. He explained that the mRNA technique originated in the anti- 
cancer field and ways to turn on and off certain genes which could 
be advantageous if you wanted to stop cancer growing out of 
control. “That’s the origin of them. They are a very unusual 
application, really.’ Yeadon said that treating a cancer patient with 
an aggressive procedure might be understandable if the alternative 
was dying, but it was quite another thing to use the same technique 
as a public health measure. Most people involved wouldn’t catch the 
infectious agent you were vaccinating against and if they did they 
probably wouldn't die: 


If you are really using it as a public health measure you really want to as close as you can get 
to zero sides-effects ... | find it odd that they chose techniques that were really cutting their 
teeth in the field of oncology and I’m worried that in using gene-based vaccines that have to 
be injected in the body and spread around the body, get taken up into some cells, and the 
regulators haven’t quite told us which cells they get taken up into ... you are going to be 
generating a wide range of responses ... with multiple steps each of which could go well or 
badly. 


I doubt the Cult intends it to go well. Yeadon said that you can put 
any gene you like into the body through the ‘vaccine’. ‘You can 
certainly give them a gene that would do them some harm if you 
wanted.’ I was intrigued when he said that when used in the cancer 
field the technique could turn genes on and off. I explore this process 
in The Answer and with different genes having different functions 
you could create mayhem — physically and psychologically — if you 
turned the wrong ones on and the right ones off. I read reports of an 
experiment by researchers at the University of Washington’s school 
of computer science and engineering in which they encoded DNA to 
infect computers. The body is itself a biological computer and if 
human DNA can inflict damage on a computer why can’t the 
computer via synthetic material mess with the human body? It can. 
The Washington research team said it was possible to insert 
malicious malware into ‘physical DNA strands’ and corrupt the 
computer system of a gene sequencing machine as it ‘reads gene 
letters and stores them as binary digits 0 and 1’. They concluded that 
hackers could one day use blood or spit samples to access computer 
systems and obtain sensitive data from police forensics labs or infect 
genome files. It is at this level of digital interaction that synthetic 
‘vaccines’ need to be seen to get the full picture and that will become 
very clear later on. Michael Yeadon said it made no sense to give the 
‘vaccine’ to younger people who were in no danger from the ‘virus’. 
What was the benefit? It was all downside with potential effects: 


The fact that my government in what | thought was a civilised, rational country, is raining [the 
‘vaccine’] on people in their 30s and 40s, even my children in their 20s, they’re getting letters 
and phone calls, | know this is not right and any of you doctors who are vaccinating you 
know it’s not right, too. They are not at risk. They are not at risk from the disease, so you are 
now hoping that the side-effects are so rare that you get away with it. You don’t give new 
technology ... that you don’t understand to 100 percent of the population. 


Blood clot problems with the AstraZeneca ‘vaccine’ have been 
affecting younger people to emphasise the downside risks with no 
benefit. AstraZeneca’s version, produced with Oxford University, 
does not use mRNA, but still gets its toxic cocktail inside cells where 


it targets DNA. The Johnson & Johnson ‘vaccine’ which uses a 
similar technique has also produced blood clot effects to such an 
extent that the United States paused its use at one point. They are all 
‘gene therapy’ (cell modification) procedures and not ‘vaccines’. The 
truth is that once the content of these injections enter cells we have 
no idea what the effect will be. People can speculate and some can 
give very educated opinions and that’s good. In the end, though, 
only the makers know what their potions are designed to do and 
even they won't know every last consequence. Michael Yeadon was 
scathing about doctors doing what they knew to be wrong. 
‘Everyone’s mute’, he said. Doctors in the NHS must know this was 
not right, coming into work and injecting people. ‘I don’t know how 
they sleep at night. I know I couldn’t do it. I know that if I were in 
that position I’d have to quit.’ He said he knew enough about 
toxicology to know this was not a good risk-benefit. Yeadon had 
spoken to seven or eight university professors and all except two 
would not speak out publicly. Their universities had a policy that no 
one said anything that countered the government and its medical 
advisors. They were afraid of losing their government grants. This is 
how intimidation has been used to silence the truth at every level of 
the system. I say silence, but these people could still speak out if they 
made that choice. Yeadon called them ‘moral cowards’ — ‘This is 
about your children and grandchildren’s lives and you have just 
buggered off and left it.’ 


‘Variant nonsense 

Some of his most powerful comments related to the alleged 
‘variants’ being used to instil more fear, justify more lockdowns, and 
introduce more ‘vaccines’. He said government claims about 
‘variants’ were nonsense. He had checked the alleged variant ‘codes’ 
and they were 99.7 percent identical to the ‘original’. This was the 
human identity difference equivalent to putting a baseball cap on 
and off or wearing it the other way round. A 0.3 percent difference 
would make it impossible for that ‘variant’ to escape immunity from 
the ‘original’. This made no sense of having new ‘vaccines’ for 


‘variants’. He said there would have to be at least a 30 percent 
difference for that to be justified and even then he believed the 
immune system would still recognise what it was. Gates-funded 
‘variant modeller’ and ‘vaccine’-pusher John Edmunds might care to 
comment. Yeadon said drug companies were making new versions 
of the ‘vaccine’ as a ‘top up’ for ‘variants’. Worse than that, he said, 
the ‘regulators’ around the world like the MHRA in the UK had got 
together and agreed that because ‘vaccines’ for ‘variants’ were so 
similar to the first ‘vaccines’ they did not have to do safety studies. How 
transparently sinister that is. This is when Yeadon said: “There is a 
conspiracy here.’ There was no need for another vaccine for 
‘variants’ and yet we were told that there was and the country had 
shut its borders because of them. ‘They are going into hundreds of 
millions of arms without passing ‘go’ or any regulator. Why did they 
do that? Why did they pick this method of making the vaccine?’ 


The reason had to be something bigger than that it seemed and 
‘it’s not protection against the virus’. It’s was a far bigger project that 
meant politicians and advisers were willing to do things and not do 
things that knowingly resulted in avoidable deaths — ‘that’s already 
happened when you think about lockdown and deprivation of 
health care for a year.’ He spoke of people prepared to do something 
that results in the avoidable death of their fellow human beings and 
it not bother them. This is the penny-drop I have been working to 
get across for more than 30 years — the level of pure evil we are 
dealing with. Yeadon said his friends and associates could not 
believe there could be that much evil, but he reminded them of 
Stalin, Pol Pot and Hitler and of what Stalin had said: ‘One death is a 
tragedy. A million? A statistic.” He could not think of a benign 
explanation for why you need top-up vaccines ‘which I’m sure you 
don’t’ and for the regulators ‘to just get out of the way and wave 
them through’. Why would the regulators do that when they were 
still wrestling with the dangers of the ‘parent’ vaccine? He was 
clearly shocked by what he had seen since the ‘Covid’ hoax began 
and now he was thinking the previously unthinkable: 


If you wanted to depopulate a significant proportion of the world and to do it in a way that 
doesn’t involve destruction of the environment with nuclear weapons, poisoning everyone 
with anthrax or something like that, and you wanted plausible deniability while you had a 
multi-year infectious disease crisis, | actually don’t think you could come up with a better plan 
of work than seems to be in front of me. | can’t say that’s what they are going to do, but | can’t 
think of a benign explanation why they are doing it. 


He said he never thought that they would get rid of 99 percent of 
humans, but now he wondered. ‘If you wanted to that this would be 
a hell of a way to do it — it would be unstoppable folks.’ Yeadon had 
concluded that those who submitted to the ‘vaccine’ would be 
allowed to have some kind of normal life (but for how long?) while 
screws were tightened to coerce and mandate the last few percent. ‘I 
think they’Il put the rest of them in a prison camp. I wish I was 
wrong, but I don’t think I am.’ Other points he made included: There 
were no coronavirus vaccines then suddenly they all come along at 
the same time; we have no idea of the long term affect with trials so 
short; coercing or forcing people to have medical procedures is 
against the Nuremberg Code instigated when the Nazis did just that; 
people should at least delay having the ‘vaccine’; a quick Internet 
search confirms that masks don’t reduce respiratory viral 
transmission and ‘the government knows that’; they have smashed 
civil society and they know that, too; two dozen peer-reviewed 
studies show no connection between lockdown and reducing deaths; 
he knew from personal friends the elite were still flying around and 
going on holiday while the public were locked down; the elite were 
not having the ‘vaccines’. He was also asked if ‘vaccines’ could be 
made to target difference races. He said he didn’t know, but the 
document by the Project for the New American Century in 
September, 2000, said developing ‘advanced forms of biological 
warfare that can target specific genotypes may transform biological 
warfare from the realm of terror to a politically useful tool.’ Oh, 
they’re evil all right. Of that we can be absolutely sure. 


We have seen from the CDC definition that the mRNA ‘Covid 
vaccine’ is not a vaccine and nor are the others that claim to reduce 
‘severity of symptoms’ in some people, but not protect from infection 
or transmission. What about all the lies about returning to ‘normal’ if 
people were ‘vaccinated’? If they are not claimed to stop infection 
and transmission of the alleged ‘virus’, how does anything change? 
This was all lies to manipulate people to take the jabs and we are 
seeing that now with masks and distancing still required for the 
‘vaccinated’. How did they think that elderly people with fragile 
health and immune responses were going to be affected by infusing 
their cells with synthetic material and other toxic substances? They 
knew that in the short and long term it would be devastating and 
fatal as the culling of the old that began with the first lockdowns was 
continued with the ‘vaccine’. Death rates in care homes soared 
immediately residents began to be ‘vaccinated’ — infused with 
synthetic material. Brave and committed whistleblower nurses put 
their careers at risk by exposing this truth while the rest kept their 
heads down and their mouths shut to put their careers before those 
they are supposed to care for. A long-time American Certified 
Nursing Assistant who gave his name as James posted a video in 
which he described emotionally what happened in his care home 
when vaccination began. He said that during 2020 very few residents 
were sick with ‘Covid’ and no one died during the entire year; but 
shortly after the Pfizer mRNA injections 14 people died within two 
weeks and many others were near death. ‘They’re dropping like 
flies’, he said. Residents who walked on their own before the shot 
could no longer and they had lost their ability to conduct an 
intelligent conversation. The home’s management said the sudden 
deaths were caused by a ‘super-spreader’ of ‘Covid-19’. Then how 
come, James asked, that residents who refused to take the injections 
were not sick? It was a case of inject the elderly with mRNA 
synthetic potions and blame their illness and death that followed on 
the ‘virus’. James described what was happening in care homes as 
‘the greatest crime of genocide this country has ever seen’. 
Remember the NHS staff nurse from earlier who used the same 


word ‘genocide’ for what was happening with the ‘vaccines’ and 
that it was an ‘act of human annihilation’. A UK care home 
whistleblower told a similar story to James about the effect of the 
‘vaccine’ in deaths and ‘outbreaks’ of illness dubbed ‘Covid’ after 
getting the jab. She told how her care home management and staff 
had zealously imposed government regulations and no one was 
allowed to even question the official narrative let alone speak out 
against it. She said the NHS was even worse. Again we see the 
results of reframing. A worker at a local care home where I live said 
they had not had a single case of ‘Covid’ there for almost a year and 
when the residents were ‘vaccinated’ they had 19 positive cases in 
two weeks with eight dying. 


It's not the ‘vaccine’ — honest 

The obvious cause and effect was being ignored by the media and 
most of the public. Australia’s health minister Greg Hunt (a former 
head of strategy at the World Economic Forum) was admitted to 
hospital after he had the ‘vaccine’. He was suffering according to 
reports from the skin infection ‘cellulitis’ and it must have been a 
severe case to have warranted days in hospital. Immediately the 
authorities said this was nothing to do with the ‘vaccine’ when an 
effect of some vaccines is a ‘cellulitis-like reaction’. We had families 
of perfectly healthy old people who died after the ‘vaccine’ saying 
that if only they had been given the ‘vaccine’ earlier they would still 
be alive. As a numbskull rating that is off the chart. A father of four 
‘died of Covid’ at aged 48 when he was taken ill two days after 
having the ‘vaccine’. The man, a health administrator, had been 
‘shielding during the pandemic’ and had ‘not really left the house’ 
until he went for the ‘vaccine’. Having the ‘vaccine’ and then falling 
ill and dying does not seem to have qualified as a possible cause and 
effect and ‘Covid-19’ went on his death certificate. His family said 
they had no idea how he ‘caught the virus’. A family member said: 
‘Tragically, it could be that going for a vaccination ultimately led to 
him catching Covid ...The sad truth is that they are never going to 
know where it came from.’ The family warned people to remember 


that the virus still existed and was ‘very real’. So was their stupidity. 
Nurses and doctors who had the first round of the ‘vaccine’ were 
collapsing, dying and ending up in a hospital bed while they or their 
grieving relatives were saying they'd still have the ‘vaccine’ again 
despite what happened. I kid you not. You mean if your husband 
returned from the dead he’d have the same ‘vaccine’ again that killed 
him?? 

Doctors at the VCU Medical Center in Richmond, Virginia, said 
the Johnson & Johnson ‘vaccine’ was to blame for a man’s skin 
peeling off. Patient Richard Terrell said: ‘It all just happened so fast. 
My skin peeled off. It’s still coming off on my hands now.’ He said it 
was stinging, burning and itching and when he bent his arms and 
legs it was very painful with ‘the skin swollen and rubbing against 
itself’. Pfizer/BioNTech and Moderna vaccines use mRNA to change 
the cell while the Johnson & Johnson version uses DNA in a process 
similar to AstraZeneca’s technique. Johnson & Johnson and 
AstraZeneca have both had their ‘vaccines’ paused by many 
countries after causing serious blood problems. Terrell’s doctor Fnu 
Nutan said he could have died if he hadn’t got medical attention. It 
sounds terrible so what did Nutan and Terrell say about the ‘vaccine’ 
now? Oh, they still recommend that people have it. A nurse in a 
hospital bed 40 minutes after the vaccination and unable to swallow 
due to throat swelling was told by a doctor that he lost mobility in 
his arm for 36 hours following the vaccination. What did he say to 
the ailing nurse? ‘Good for you for getting the vaccination.’ We are 
dealing with a serious form of cognitive dissonance madness in both 
public and medical staff. There is a remarkable correlation between 
those having the ‘vaccine’ and trumpeting the fact and suffering bad 
happenings shortly afterwards. Witold Rogiewicz, a Polish doctor, 
made a video of his ‘vaccination’ and ridiculed those who were 
questioning its safety and the intentions of Bill Gates: “Vaccinate 
yourself to protect yourself, your loved ones, friends and also 
patients. And to mention quickly I have info for anti-vaxxers and 
anti-Coviders if you want to contact Bill Gates you can do this 
through me.’ He further ridiculed the dangers of 5G. Days later he 


was dead, but naturally the vaccination wasn’t mentioned in the 
verdict of ‘heart attack’. 


Lies, lies and more lies 

So many members of the human race have slipped into extreme 
states of insanity and unfortunately they include reframed doctors 
and nursing staff. Having a ‘vaccine’ and dying within minutes or 
hours is not considered a valid connection while death from any 
cause within 28 days or longer of a positive test with a test not 
testing for the ‘virus’ means “Covid-19’ goes on the death certificate. 
How could that ‘vaccine’-death connection not have been made 
except by calculated deceit? US figures in the initial rollout period to 
February 12th, 2020, revealed that a third of the deaths reported to 
the CDC after ‘Covid vaccines’ happened within 48 hours. Five men 
in the UK suffered an ‘extremely rare’ blood clot problem after 
having the AstraZeneca ‘vaccine’, but no causal link was established 
said the Gates-funded Medicines and Healthcare products 
Regulatory Agency (MHRA) which had given the ‘vaccine’ 
emergency approval to be used. Former Pfizer executive Dr Michael 
Yeadon explained in his interview how the procedures could cause 
blood coagulation and clots. People who should have been at no risk 
were dying from blood clots in the brain and he said he had heard 
from medical doctor friends that people were suffering from skin 
bleeding and massive headaches. The AstraZeneca ‘shot’ was 
stopped by some 20 countries over the blood clotting issue and still 
the corrupt MHRA, the European Medicines Agency (EMA) and the 
World Health Organization said that it should continue to be given 
even though the EMA admitted that it ‘still cannot rule out 
definitively’ a link between blood clotting and the ‘vaccine’. Later 
Marco Cavaleri, head of EMA vaccine strategy, said there was indeed 
a clear link between the ‘vaccine’ and thrombosis, but they didn’t 
know why. So much for the trials showing the ‘vaccine’ is safe. Blood 
clots were affecting younger people who would be under virtually 
no danger from ‘Covid’ even if it existed which makes it all the more 
stupid and sinister. 


The British government responded to public alarm by wheeling 
out June Raine, the terrifyingly weak infant school headmistress 
sound-alike who heads the UK MHRA drug ‘regulator’. The idea 
that she would stand up to Big Pharma and government pressure is 
laughable and she told us that all was well in the same way that she 
did when allowing untested, never-used-on-humans-before, 
genetically-manipulating ‘vaccines’ to be exposed to the public in the 
first place. Mass lying is the new normal of the ‘Covid’ era. The 
MHRA later said 30 cases of rare blood clots had by then been 
connected with the AstraZeneca ‘vaccine’ (that means a lot more in 
reality) while stressing that the benefits of the jab in preventing 
‘Covid-19 outweighed any risks. A more ridiculous and 
disingenuous statement with callous disregard for human health it is 
hard to contemplate. Immediately after the mendacious ‘all-clears’ 
two hospital workers in Denmark experienced blood clots and 
cerebral haemorrhaging following the AstraZeneca jab and one died. 
Top Norwegian health official Pal Andre Holme said the ‘vaccine’ 
was the only common factor: ‘There is nothing in the patient history 
of these individuals that can give such a powerful immune response 
... lam confident that the antibodies that we have found are the 
cause, and I see no other explanation than it being the vaccine which 
triggers it.’ Strokes, a clot or bleed in the brain, were clearly 
associated with the ‘vaccine’ from word of mouth and whistleblower 
reports. Similar consequences followed with all these ‘vaccines’ that 
we were told were so safe and as the numbers grew by the day it 
was clear we were witnessing human carnage. 


Learning the hard way 

A woman interviewed by UKColumn told how her husband 
suffered dramatic health effects after the vaccine when he’d been in 
good health all his life. He went from being a little unwell to losing 
all feeling in his legs and experiencing ‘excruciating pain’. 
Misdiagnosis followed twice at Accident and Emergency (an 
‘allergy’ and ‘sciatica’) before he was admitted to a neurology ward 
where doctors said his serious condition had been caused by the 


‘vaccine’. Another seven ‘vaccinated’ people were apparently being 
treated on the same ward for similar symptoms. The woman said he 
had the ‘vaccine’ because they believed media claims that it was safe. 
‘I didn’t think the government would give out a vaccine that does 
this to somebody; I believed they would be bringing out a 
vaccination that would be safe.’ What a tragic way to learn that 
lesson. Another woman posted that her husband was transporting 
stroke patients to hospital on almost every shift and when he asked 
them if they had been ‘vaccinated’ for ‘Covid’ they all replied ‘yes’. 
One had a ‘massive brain bleed’ the day after his second dose. She 
said her husband reported the ‘just been vaccinated’ information 
every time to doctors in A and E only for them to ignore it, make no 
notes and appear annoyed that it was even mentioned. This 
particular report cannot be verified, but it expresses a common 
theme that confirms the monumental underreporting of ‘vaccine’ 
consequences. Interestingly as the ‘vaccines’ and their brain blood 
clot/stroke consequences began to emerge the UK National Health 
Service began a publicity campaign telling the public what to do in 
the event of a stroke. A Scottish NHS staff nurse who quit in disgust 
in March, 2021, said: 


| have seen traumatic injuries from the vaccine, they’re not getting reported to the yellow card 
[adverse reaction] scheme, they’re treating the symptoms, not asking why, why it’s happening. 
It’s just treating the symptoms and when you speak about it you’re dismissed like you’re crazy, 
I’m not crazy, I’m not crazy because every other colleague I’ve spoken to is terrified to speak 
out, they’ve had enough. 


Videos appeared on the Internet of people uncontrollably shaking 
after the ‘vaccine’ with no control over muscles, limbs and even their 
face. A Scottish mother broke out in a severe rash all over her body 
almost immediately after she was given the AstraZeneca ‘vaccine’. 
The pictures were horrific. Leigh King, a 41-year-old hairdresser 
from Lanarkshire said: ‘Never in my life was I prepared for what I 
was about to experience ... My skin was so sore and constantly hot 
... [have never felt pain like this ...’ But don’t you worry, the 
‘vaccine’ is perfectly safe. Then there has been the effect on medical 


staff who have been pressured to have the ‘vaccine’ by psychopathic 
‘health’ authorities and government. A London hospital consultant 
who gave the name K. Polyakova wrote this to the British Medical 
Journal or BMJ: 


| am currently struggling with ... the failure to report the reality of the morbidity caused by our 
current vaccination program within the health service and staff population. The levels of 
sickness after vaccination is unprecedented and staff are getting very sick and some with 
neurological symptoms which is having a huge impact on the health service function. Even 
the young and healthy are off for days, some for weeks, and some requiring medical 
treatment. Whole teams are being taken out as they went to get vaccinated together. 


Mandatory vaccination in this instance is stupid, unethical and irresponsible when it comes to 
protecting our staff and public health. We are in the voluntary phase of vaccination, and 
encouraging staff to take an unlicensed product that is impacting on their immediate health ... 
it is clearly stated that these vaccine products do not offer immunity or stop transmission. In 
which case why are we doing it? 


Not to protect health that’s for sure. Medical workers are lauded by 
governments for agenda reasons when they couldn’t give a toss 
about them any more than they can for the population in general. 
Schools across America faced the same situation as they closed due 
to the high number of teachers and other staff with bad reactions to 
the Pfizer/BioNTech, Moderna, and Johnson & Johnson ‘Covid 
vaccines’ all of which were linked to death and serious adverse 
effects. The BMJ took down the consultant’s comments pretty 
quickly on the grounds that they were being used to spread 
‘disinformation’. They were exposing the truth about the ‘vaccine’ 
was the real reason. The cover-up is breathtaking. 


The scale of the ‘vaccine’ death cover-up worldwide can be 
confirmed by comparing official figures with the personal experience 
of the public. I heard of many people in my community who died 
immediately or soon after the vaccine that would never appear in the 
media or even likely on the official totals of ‘vaccine’ fatalities and 
adverse reactions when only about ten percent are estimated to be 


reported and I have seen some estimates as low as one percent in a 
Harvard study. In the UK alone by April 29th, 2021, some 757,654 
adverse reactions had been officially reported from the 

Pfizer/BioN Tech, Oxford/AstraZeneca and Moderna ‘vaccines’ with 
more than a thousand deaths linked to jabs and that means an 
estimated ten times this number in reality from a ten percent 
reporting rate percentage. That’s seven million adverse reactions and 
10,000 potential deaths and a one percent reporting rate would be 
ten times those figures. In 1976 the US government pulled the swine 
flu vaccine after 53 deaths. The UK data included a combined 10,000 
eye disorders from the ‘Covid vaccines’ with more than 750 suffering 
visual impairment or blindness and again multiply by the estimated 
reporting percentages. As ‘Covid cases’ officially fell hospitals 
virtually empty during the ‘Covid crisis’ began to fill up with a 
range of other problems in the wake of the ‘vaccine’ rollout. The 
numbers across America have also been catastrophic. Deaths linked 
to all types of vaccine increased by 6,000 percent in the first quarter of 
2021 compared with 2020. A 39-year-old woman from Ogden, Utah, 
died four days after receiving a second dose of Moderna’s ‘Covid 
vaccine’ when her liver, heart and kidneys all failed despite the fact 
that she had no known medical issues or conditions. Her family 
sought an autopsy, but Dr Erik Christensen, Utah’s chief medical 
examiner, said proving vaccine injury as a cause of death almost 
never happened. He could think of only one instance where an 
autopsy would name a vaccine as the official cause of death and that 
would be anaphylaxis where someone received a vaccine and died 
almost instantaneously. ‘Short of that, it would be difficult for us to 
definitively say this is the vaccine,’ Christensen said. If that is true 
this must be added to the estimated ten percent (or far less) 
reporting rate of vaccine deaths and serious reactions and the 
conclusion can only be that vaccine deaths and serious reactions — 
including these ‘Covid’ potions’ — are phenomenally understated in 
official figures. The same story can be found everywhere. Endless 
accounts of deaths and serious reactions among the public, medical 


and care home staff while official figures did not even begin to 
reflect this. 


Professional script-reader Dr David Williams, a ‘top public-health 
official’ in Ontario, Canada, insulted our intelligence by claiming 
only four serious adverse reactions and no deaths from the more 
than 380,000 vaccine doses then given. This bore no resemblance to 
what people knew had happened in their owns circles and we had 
Dirk Huyer in charge of getting millions vaccinated in Ontario while 
at the same time he was Chief Coroner for the province investigating 
causes of death including possible death from the vaccine. An aide 
said he had stepped back from investigating deaths, but evidence 
indicated otherwise. Rosemary Frei, who secured a Master of Science 
degree in molecular biology at the Faculty of Medicine at Canada’s 
University of Calgary before turning to investigative journalism, was 
one who could see that official figures for ‘vaccine’ deaths and 
reactions made no sense. She said that doctors seldom reported 
adverse events and when people got really sick or died after getting 
a vaccination they would attribute that to anything except the 
vaccines. It had been that way for years and anyone who wondered 
aloud whether the ‘Covid vaccines’ or other shots cause harm is 
immediately branded as ‘anti-vax’ and ‘anti-science’. This was 
‘career-threatening’ for health professionals. Then there was the 
huge pressure to support the push to ‘vaccinate’ billions in the 
quickest time possible. Frei said: 


So that’s where we’re at today. More than half a million vaccine doses have been given to 
people in Ontario alone. The rush is on to vaccinate all 15 million of us in the province by 
September. And the mainstream media are screaming for this to be sped up even more. That 
all adds up to only a very slim likelihood that we’re going to be told the truth by officials 
about how many people are getting sick or dying from the vaccines. 


What is true of Ontario is true of everywhere. 


They KNEW — and still did it 


The authorities knew what was going to happen with multiple 
deaths and adverse reactions. The UK government’s Gates-funded 


and Big Pharma-dominated Medicines and Healthcare products 
Regulatory Agency (MHRA) hired a company to employ AI in 
compiling the projected reactions to the ‘vaccine’ that would 
otherwise be uncountable. The request for applications said: “The 
MHRA urgently seeks an Artificial Intelligence (AI) software tool to 
process the expected high volume of Covid-19 vaccine Adverse Drug 
Reaction ...’ This was from the agency, headed by the disingenuous 
June Raine, that gave the ‘vaccines’ emergency approval and the 
company was hired before the first shot was given. ‘We are going to 
kill and maim you — is that okay?’ ‘Oh, yes, perfectly fine — I’m very 
grateful, thank you, doctor.’ The range of “Covid vaccine’ adverse 
reactions goes on for page after page in the MHRA criminally 
underreported ‘Yellow Card’ system and includes affects to eyes, 
ears, skin, digestion, blood and so on. Raine’s MHRA amazingly 
claimed that the ‘overall safety experience ... is so far as expected 
from the clinical trials’. The death, serious adverse effects, deafness 
and blindness were expected? When did they ever mention that? If 
these human tragedies were expected then those that gave approval 
for the use of these ‘vaccines’ must be guilty of crimes against 
humanity including murder — a definition of which is ‘killing a 
person with malice aforethought or with recklessness manifesting 
extreme indifference to the value of human life.” People involved at 
the MHRA, the CDC in America and their equivalent around the 
world must go before Nuremberg trials to answer for their callous 
inhumanity. We are only talking here about the immediate effects of 
the ‘vaccine’. The longer-term impact of the DNA synthetic 
manipulation is the main reason they are so hysterically desperate to 
inoculate the entire global population in the shortest possible time. 
Africa and the developing world are a major focus for the ‘vaccine’ 
depopulation agenda and a mass vaccination sales-pitch is 
underway thanks to caring people like the Rockefellers and other 
Cult assets. The Rockefeller Foundation, which pre-empted the 
‘Covid pandemic’ in a document published in 2010 that ‘predicted’ 
what happened a decade later, announced an initial $34.95 million 
grant in February, 2021, ‘to ensure more equitable access to Covid-19 


testing and vaccines’ among other things in Africa in collaboration 
with ‘24 organizations, businesses, and government agencies’. The 
pan-Africa initiative would focus on 10 countries: Burkina Faso, 
Ethiopia, Ghana, Kenya, Nigeria, Rwanda, South Africa, Tanzania, 
Uganda, and Zambia’. Rajiv Shah, President of the Rockefeller 
Foundation and former administrator of ClA-controlled USAID, said 
that if Africa was not mass-vaccinated (to change the DNA of its 
people) it was a ‘threat to all of humanity’ and not fair on Africans. 
When someone from the Rockefeller Foundation says they want to 
do something to help poor and deprived people and countries it is 
time for a belly-laugh. They are doing this out of the goodness of 
their ‘heart’ because ‘vaccinating’ the entire global population is 
what the ‘Covid’ hoax set out to achieve. Official ‘decolonisation’ of 
Africa by the Cult was merely a prelude to financial colonisation on 
the road to a return to physical colonisation. The ‘vaccine’ is vital to 
that and the sudden and convenient death of the ‘Covid’ sceptic 
president of Tanzania can be seen in its true light. A lot of people in 
Africa are aware that this is another form of colonisation and 
exploitation and they need to stand their ground. 


The ‘vaccine is working scam 

A potential problem for the Cult was that the ‘vaccine’ is meant to 
change human DNA and body messaging and not to protect anyone 
from a ‘virus’ never shown to exist. The vaccine couldn’t work 
because it was not designed to work and how could they make it 
appear to be working so that more people would have it? This was 
overcome by lowering the amplification rate of the PCR test to 
produce fewer ‘cases’ and therefore fewer ‘deaths’. Some of us had 
been pointing out since March, 2020, that the amplification rate of 
the test not testing for the ‘virus’ had been made artificially high to 
generate positive tests which they could call ‘cases’ to justify 
lockdowns. The World Health Organization recommended an 
absurdly high 45 amplification cycles to ensure the high positives 
required by the Cult and then remained silent on the issue until 
January 20th, 2021 — Biden’s Inauguration Day. This was when the 


‘vaccinations’ were seriously underway and on that day the WHO 
recommended after discussions with America’s CDC that 
laboratories lowered their testing amplification. Dr David Samadi, a 
certified urologist and health writer, said the WHO was encouraging 
all labs to reduce their cycle count for PCR tests. He said the current 
cycle was much too high and was ‘resulting in any particle being 
declared a positive case’. Even one mainstream news report I saw 
said this meant the number of “Covid’ infections may have been 
‘dramatically inflated’. Oh, just a little bit. The CDC in America 
issued new guidance to laboratories in April, 2021, to use 28 cycles 
but only for ‘vaccinated’ people. The timing of the CDC/WHO 
interventions were cynically designed to make it appear the 
‘vaccines’ were responsible for falling cases and deaths when the real 
reason can be seen in the following examples. New York’s state lab, 
the Wadsworth Center, identified 872 positive tests in July, 2020, 
based on a threshold of 40 cycles. When the figure was lowered to 35 
cycles 43 percent of the 872 were no longer ‘positives’. At 30 cycles 
the figure was 63 percent. A Massachusetts lab found that between 
85 to 90 percent of people who tested positive in July with a cycle 
threshold of 40 would be negative at 30 cycles, Ashish Jha, MD, 
director of the Harvard Global Health Institute, said: ‘I’m really 
shocked that it could be that high ... Boy, does it really change the 
way we need to be thinking about testing.’ I’m shocked that I could 
see the obvious in the spring of 2020, with no medical background, 
and most medical professionals still haven’t worked it out. No, that’s 
not shocking — it’s terrifying. 

Three weeks after the WHO directive to lower PCR cycles the 
London Daily Mail ran this headline: ‘Why ARE Covid cases 
plummeting? New infections have fallen 45% in the US and 30% 
globally in the past 3 weeks but experts say vaccine is NOT the main 
driver because only 8% of Americans and 13% of people worldwide 
have received their first dose.’ They acknowledged that the drop 
could not be attributed to the ‘vaccine’, but soon this morphed 
throughout the media into the ‘vaccine’ has caused cases and deaths 
to fall when it was the PCR threshold. In December, 2020, there was 


chaos at English Channel ports with truck drivers needing negative 
‘Covid’ tests before they could board a ferry home for Christmas. 
The government wanted to remove the backlog as fast as possible 
and they brought in troops to do the ‘testing’. Out of 1,600 drivers 
just 36 tested positive and the rest were given the all clear to cross 
the Channel. I guess the authorities thought that 36 was the least 
they could get away with without the unquestioning catching on. 
The amplification trick which most people believed in the absence of 
information in the mainstream applied more pressure on those 
refusing the ‘vaccine’ to succumb when it ‘obviously worked’. The 
truth was the exact opposite with deaths in care homes soaring with 
the ‘vaccine’ and in Israel the term used was ‘skyrocket’. A re- 
analysis of published data from the Israeli Health Ministry led by Dr 
Hervé Seligmann at the Medicine Emerging Infectious and Tropical 
Diseases at Aix-Marseille University found that Pfizer’s ‘Covid 
vaccine’ killed ‘about 40 times more [elderly] people than the disease 
itself would have killed’ during a five-week vaccination period and 
260 times more younger people than would have died from the 
‘virus’ even according to the manipulated ‘virus’ figures. Dr 
Seligmann and his co-study author, Haim Yativ, declared after 
reviewing the Israeli ‘vaccine’ death data: ‘This is a new Holocaust.’ 


Then, in mid-April, 2021, after vast numbers of people worldwide 
had been ‘vaccinated’, the story changed with clear coordination. 
The UK government began to prepare the ground for more future 
lockdowns when Nuremberg-destined Boris Johnson told yet 
another whopper. He said that cases had fallen because of lockdowns 
not ‘vaccines’. Lockdowns are irrelevant when there is no ‘virus’ and 
the test and fraudulent death certificates are deciding the number of 
‘cases’ and ‘deaths’. Study after study has shown that lockdowns 
don’t work and instead kill and psychologically destroy people. 
Meanwhile in the United States Anthony Fauci and Rochelle 
Walensky, the ultra-Zionist head of the CDC, peddled the same line. 
More lockdown was the answer and not the ‘vaccine’, a line repeated 
on cue by the moron that is Canadian Prime Minister Justin Trudeau. 
Why all the hysteria to get everyone ‘vaccinated’ if lockdowns and 


not ‘vaccines’ made the difference? None of it makes sense on the 
face of it. Oh, but it does. The Cult wants lockdowns and the 
‘vaccine’ and if the ‘vaccine’ is allowed to be seen as the total answer 
lockdowns would no longer be justified when there are still 
livelihoods to destroy. ‘Variants’ and renewed upward manipulation 
of PCR amplification are planned to instigate never-ending 
lockdown and more ‘vaccines’. 


You must have it— we're desperate 

Israel, where the Jewish and Arab population are ruled by the 
Sabbatian Cult, was the front-runner in imposing the DNA- 
manipulating ‘vaccine’ on its people to such an extent that Jewish 
refusers began to liken what was happening to the early years of 
Nazi Germany. This would seem to be a fantastic claim. Why would 
a government of Jewish people be acting like the Nazis did? If you 
realise that the Sabbatian Cult was behind the Nazis and that 
Sabbatians hate Jews the pieces start to fit and the question of why a 
‘Jewish’ government would treat Jews with such callous disregard 
for their lives and freedom finds an answer. Those controlling the 
government of Israel aren't Jewish — they're Sabbatian. Israeli lawyer 
Tamir Turgal was one who made the Nazi comparison in comments 
to German lawyer Reiner Fuellmich who is leading a class action 
lawsuit against the psychopaths for crimes against humanity. Turgal 
described how the Israeli government was vaccinating children and 
pregnant women on the basis that there was no evidence that this 
was dangerous when they had no evidence that it wasn’t dangerous 
either. They just had no evidence. This was medical experimentation 
and Turgal said this breached the Nuremberg Code about medical 
experimentation and procedures requiring informed consent and 
choice. Think about that. A Nuremberg Code developed because of 
Nazi experimentation on Jews and others in concentration camps by 
people like the evil-beyond-belief Josef Mengele is being breached by 
the Israeli government; but when you know that it’s a Sabbatian 
government along with its intelligence and military agencies like 
Mossad, Shin Bet and the Israeli Defense Forces, and that Sabbatians 


were the force behind the Nazis, the kaleidoscope comes into focus. 
What have we come to when Israeli Jews are suing their government 
for violating the Nuremberg Code by essentially making Israelis 
subject to a medical experiment using the controversial ‘vaccines’? 
It’s a shocker that this has to be done in the light of what happened 
in Nazi Germany. The Anshe Ha-Emet, or ‘People of the Truth’, 
made up of Israeli doctors, lawyers, campaigners and public, have 
launched a lawsuit with the International Criminal Court. It says: 


When the heads of the Ministry of Health as well as the prime minister presented the vaccine 
in Israel and began the vaccination of Israeli residents, the vaccinated were not advised, that, 
in practice, they are taking part in a medical experiment and that their consent is required for 
this under the Nuremberg Code. 


The irony is unbelievable, but easily explained in one word: 
Sabbatians. The foundation of Israeli ‘Covid’ apartheid is the ‘green 
pass’ or ‘green passport’ which allows Jews and Arabs who have 
had the DNA-manipulating ‘vaccine’ to go about their lives — to 
work, fly, travel in general, go to shopping malls, bars, restaurants, 
hotels, concerts, gyms, swimming pools, theatres and sports venues, 
while non-’ vaccinated’ are banned from all those places and 
activities. Israelis have likened the ‘green pass’ to the yellow stars 
that Jews in Nazi Germany were forced to wear — the same as the 
yellow stickers that a branch of UK supermarket chain Morrisons 
told exempt mask-wears they had to display when shopping. How 
very sensitive. The Israeli system is blatant South African-style 
apartheid on the basis of compliance or non-compliance to fascism 
rather than colour of the skin. How appropriate that the Sabbatian 
Israeli government was so close to the pre-Mandela apartheid 
regime in Pretoria. The Sabbatian-instigated ‘vaccine passport’ in 
Israel is planned for everywhere. Sabbatians struck a deal with 
Pfizer that allowed them to lead the way in the percentage of a 
national population infused with synthetic material and the result 
was catastrophic. Israeli freedom activist Shai Dannon told me how 
chairs were appearing on beaches that said ‘vaccinated only’. Health 
Minister Yuli Edelstein said that anyone unwilling or unable to get 


the jabs that ‘confer immunity’ will be ‘left behind’. The man’s a liar. 
Not even the makers claim the ‘vaccines’ confer immunity. When 
you see those figures of ‘vaccine’ deaths these psychopaths were 
saying that you must take the chance the ‘vaccine’ will kill you or 
maim you while knowing it will change your DNA or lockdown for 
you will be permanent. That's fascism. The Israeli parliament passed 
a law to allow personal information of the non-vaccinated to be 
shared with local and national authorities for three months. This was 
claimed by its supporters to be a way to ‘encourage’ people to be 
vaccinated. Hadas Ziv from Physicians for Human Rights described 
this as a ‘draconian law which crushed medical ethics and the 
patient rights’. But that’s the idea, the Sabbatians would reply. 


Your papers, please 

Sabbatian Israel was leading what has been planned all along to be a 
global ‘vaccine pass’ called a ‘green passport’ without which you 
would remain in permanent lockdown restriction and unable to do 
anything. This is how badly — desperately — the Cult is to get everyone 
‘vaccinated’. The term and colour ‘green’ was not by chance and 
related to the psychology of fusing the perception of the green 
climate hoax with the ‘Covid’ hoax and how the ‘solution’ to both is 
the same Great Reset. Lying politicians, health officials and 
psychologists denied there were any plans for mandatory 
vaccinations or restrictions based on vaccinations, but they knew 
that was exactly what was meant to happen with governments of all 
countries reaching agreements to enforce a global system. ‘Free’ 
Denmark and ‘free’ Sweden unveiled digital vaccine certification. 
Cyprus, Czech Republic, Estonia, Greece, Hungary, Iceland, Italy, 
Poland, Portugal, Slovakia, and Spain have all committed to a 
vaccine passport system and the rest including the whole of the EU 
would follow. The satanic UK government will certainly go this way 
despite mendacious denials and at the time of writing it is trying to 
manipulate the public into having the ‘vaccine’ so they could go 
abroad on a summer holiday. How would that work without 
something to prove you had the synthetic toxicity injected into you? 


Documents show that the EU’s European Commission was moving 
towards ‘vaccine certificates’ in 2018 and 2019 before the ‘Covid’ 
hoax began. They knew what was coming. Abracadabra — Ursula 
von der Leyen, the German President of the Commission, 
announced in March, 2021, an EU ‘Digital Green Certificate’ — green 
again — to track the public’s ‘Covid status’. The passport sting is 
worldwide and the Far East followed the same pattern with South 
Korea ruling that only those with ‘vaccination’ passports — again the 
green pass — would be able to ‘return to their daily lives’. 


Bill Gates has been preparing for this ‘passport’ with other Cult 
operatives for years and beyond the paper version is a Gates-funded 
‘digital tattoo’ to identify who has been vaccinated and who hasn't. 
The ‘tattoo’ is reported to include a substance which is externally 
readable to confirm who has been vaccinated. This is a bio-luminous 
light-generating enzyme (think fireflies) called ... Luciferase. Yes, 
named after the Cult ‘god’ Lucifer the ‘light bringer’ of whom more 
to come. Gates said he funded the readable tattoo to ensure children 
in the developing world were vaccinated and no one was missed out. 
He cares so much about poor kids as we know. This was just the 
cover story to develop a vaccine tagging system for everyone on the 
planet. Gates has been funding the ID2020 ‘alliance’ to do just that in 
league with other lovely people at Microsoft, GAVI, the Rockefeller 
Foundation, Accenture and IDEO.org. He said in interviews in 
March, 2020, before any ‘vaccine’ publicly existed, that the world 
must have a globalised digital certificate to track the ‘virus’ and who 
had been vaccinated. Gates knew from the start that the mRNA 
vaccines were coming and when they would come and that the plan 
was to tag the ‘vaccinated’ to marginalise the intelligent and stop 
them doing anything including travel. Evil just doesn’t suffice. Gates 
was exposed for offering a $10 million bribe to the Nigerian House 
of Representatives to invoke compulsory ‘Covid’ vaccination of all 
Nigerians. Sara Cunial, a member of the Italian Parliament, called 
Gates a ‘vaccine criminal’. She urged the Italian President to hand 
him over to the International Criminal Court for crimes against 


humanity and condemned his plans to ‘chip the human race’ 
through ID2020. 

You know it’s a long-planned agenda when war criminal and Cult 
gofer Tony Blair is on the case. With the scale of arrogance only 
someone as dark as Blair can muster he said: ‘Vaccination in the end 
is going to be your route to liberty.’ Blair is a disgusting piece of 
work and he confirms that again. The media has given a lot of 
coverage to a bloke called Charlie Mullins, founder of London’s 
biggest independent plumbing company, Pimlico Plumbers, who has 
said he won’t employ anyone who has not been vaccinated or have 
them go to any home where people are not vaccinated. He said that 
if he had his way no one would be allowed to walk the streets if they 
have not been vaccinated. Gates was cheering at the time while I was 
alerting the white coats. The plan is that people will qualify for 
‘passports’ for having the first two doses and then to keep it they 
will have to have all the follow ups and new ones for invented 
‘variants’ until human genetics is transformed and many are dead 
who can’t adjust to the changes. Hollywood celebrities — the usual 
propaganda stunt — are promoting something called the WELL 
Health-Safety Rating to verify that a building or space has ‘taken the 
necessary steps to prioritize the health and safety of their staff, 
visitors and other stakeholders’. They included Lady Gaga, Jennifer 
Lopez, Michael B. Jordan, Robert DeNiro, Venus Williams, Wolfgang 
Puck, Deepak Chopra and 17th Surgeon General Richard Carmona. 
Yawn. WELL Health-Safety has big connections with China. Parent 
company Delos is headed by former Goldman Sachs partner Paul 
Scialla. This is another example — and we will see so many others — 
of using the excuse of ‘health’ to dictate the lives and activities of the 
population. I guess one confirmation of the ‘safety’ of buildings is 
that only ‘vaccinated’ people can go in, right? 


Electronic concentration camps 

I wrote decades ago about the plans to restrict travel and here we are 
for those who refuse to bow to tyranny. This can be achieved in one 
go with air travel if the aviation industry makes a blanket decree. 


The ‘vaccine’ and guaranteed income are designed to be part of a 
global version of China’s social credit system which tracks behaviour 
24/7 and awards or deletes ‘credits’ based on whether your 
behaviour is supported by the state or not. I mean your entire 
lifestyle — what you do, eat, say, everything. Once your credit score 
falls below a certain level consequences kick in. In China tens of 
millions have been denied travel by air and train because of this. All 
the locations and activities denied to refusers by the ‘vaccine’ 
passports will be included in one big mass ban on doing almost 
anything for those that don’t bow their head to government. It’s 
beyond fascist and a new term is required to describe its extremes — I 
guess fascist technocracy will have to do. The way the Chinese 
system of technological — technocratic — control is sweeping the West 
can be seen in the Los Angeles school system and is planned to be 
expanded worldwide. Every child is required to have a “Covid’- 
tracking app scanned daily before they can enter the classroom. The 
so-called Daily Pass tracking system is produced by Gates’ Microsoft 
which I’m sure will shock you rigid. The pass will be scanned using 
a barcode (one step from an inside-the-body barcode) and the 
information will include health checks, ‘Covid’ tests and 
vaccinations. Entry codes are for one specific building only and 
access will only be allowed if a student or teacher has a negative test 
with a test not testing for the ‘virus’, has no symptoms of anything 
alleged to be related to ‘Covid’ (symptoms from a range of other 
illness), and has a temperature under 100 degrees. No barcode, no 
entry, is planned to be the case for everywhere and not only schools. 
Kids are being psychologically prepared to accept this as ‘normal’ 
their whole life which is why what they can impose in schools is so 
important to the Cult and its gofers. Long-time American freedom 
campaigner John Whitehead of the Rutherford Institute was not 
exaggerating when he said: ‘Databit by databit, we are building our 
own electronic concentration camps.’ Canada under its Cult gofer 
prime minister Justin Trudeau has taken a major step towards the 
real thing with people interned against their will if they test positive 
with a test not testing for the ‘virus’ when they arrive at a Canadian 


airport. They are jailed in internment hotels often without food or 
water for long periods and with many doors failing to lock there 
have been sexual assaults. The interned are being charged 
sometimes $2,000 for the privilege of being abused in this way. 
Trudeau is fully on board with the Cult and says the ‘Covid 
pandemic’ has provided an opportunity for a global ‘reset’ to 
permanently change Western civilisation. His number two, Deputy 
Prime Minister Chrystia Freeland, is a trustee of the World Economic 
Forum and a Rhodes Scholar. The Trudeau family have long been 
servants of the Cult. See The Biggest Secret and Cathy O’Brien’s book 
Trance-Formation of America for the horrific background to Trudeau's 
father Pierre Trudeau another Canadian prime minister. Hide your 
fascism behind the fagade of a heart-on-the-sleeve liberal. It’s a well- 
honed Cult technique. 


What can the ‘vaccine’ really do? 


We have a ‘virus’ never shown to exist and ‘variants’ of the ‘virus’ 
that have also never been shown to exist except, like the ‘original’, as 
computer-generated fictions. Even if you believe there’s a ‘virus’ the 
‘case’ to ‘death’ rate is in the region of 0.23 to 0.15 percent and those 
‘deaths’ are concentrated among the very old around the same 
average age that people die anyway. In response to this lack of threat 
(in truth none) psychopaths and idiots, knowingly and unknowingly 
answering to Gates and the Cult, are seeking to ‘vaccinate’ every 
man, woman and child on Planet Earth. Clearly the ‘vaccine’ is not 
about “Covid’ — none of this ever has been. So what is it all about 
really? Why the desperation to infuse genetically-manipulating 
synthetic material into everyone through mRNA fraudulent 
‘vaccines’ with the intent of doing this over and over with the 
excuses of ‘variants’ and other ‘virus’ inventions? Dr Sherri 
Tenpenny, an osteopathic medical doctor in the United States, has 
made herself an expert on vaccines and their effects as a vehement 
campaigner against their use. Tenpenny was board certified in 
emergency medicine, the director of a level two trauma centre for 12 
years, and moved to Cleveland in 1996 to start an integrative 


medicine practice which has treated patients from all 50 states and 
some 17 other countries. Weaning people off pharmaceutical drugs is 
a speciality. 

She became interested in the consequences of vaccines after 
attending a meeting at the National Vaccine Information Center in 
Washington DC in 2000 where she ‘sat through four days of listening 
to medical doctors and scientists and lawyers and parents of vaccine 
injured kids’ and asked: ‘What's going on?’ She had never been 
vaccinated and never got ill while her father was given a list of 
vaccines to be in the military and was ‘sick his entire life’. The 
experience added to her questions and she began to examine vaccine 
documents from the Centers for Disease Control (CDC). After 
reading the first one, the 1998 version of The General Recommendations 
of Vaccination, she thought: ‘This is it?” The document was poorly 
written and bad science and Tenpenny began 20 years of research 
into vaccines that continues to this day. She began her research into 
‘Covid vaccines’ in March, 2020, and she describes them as ‘deadly’. 
For many, as we have seen, they already have been. Tenpenny said 
that in the first 30 days of the ‘vaccine’ rollout in the United States 
there had been more than 40,000 adverse events reported to the 
vaccine adverse event database. A document had been delivered to 
her the day before that was 172 pages long. ‘We have over 40,000 
adverse events; we have over 3,100 cases of [potentially deadly] 
anaphylactic shock; we have over 5,000 neurological reactions.’ 
Effects ranged from headaches to numbness, dizziness and vertigo, 
to losing feeling in hands or feet and paraesthesia which is when 
limbs ‘fall asleep’ and people have the sensation of insects crawling 
underneath their skin. All this happened in the first 30 days and 
remember that only about ten percent (or far less) of adverse reactions 
and vaccine-related deaths are estimated to be officially reported. 
Tenpenny said: 


So can you think of one single product in any industry, any industry, for as long as products 
have been made on the planet that within 30 days we have 40,000 people complaining of 
side effects that not only is still on the market but ... we’ve got paid actors telling us how great 


they are for getting their vaccine. We're offering people $500 if they will just get their vaccine 
and we've got nurses and doctors going; ‘I got the vaccine, | got the vaccine’. 


Tenpenny said they were not going to be ‘happy dancing folks’ 
when they began to suffer Bell’s palsy (facial paralysis), 
neuropathies, cardiac arrhythmias and autoimmune reactions that 
kill through a blood disorder. ‘They’re not going to be so happy, 
happy then, but we’re never going to see pictures of those people’ 
she said. Tenpenny described the ‘vaccine’ as ‘a well-designed killing 
tool’. 


No off-switch 

Bad as the initial consequences had been Tenpenny said it would be 
maybe 14 months before we began to see the ‘full ravage’ of what is 
going to happen to the ‘Covid vaccinated’ with full-out 
consequences taking anything between two years and 20 years to 
show. You can understand why when you consider that variations of 
the ‘Covid vaccine’ use mRNA (messenger RNA) to in theory 
activate the immune system to produce protective antibodies 
without using the actual ‘virus’. How can they when it’s a computer 
program and they’ve never isolated what they claim is the ‘real 
thing’? Instead they use synthetic mRNA. They are inoculating 
synthetic material into the body which through a technique known 
as the Trojan horse is absorbed into cells to change the nature of 
DNA. Human DNA is changed by an infusion of messenger RNA 
and with each new ‘vaccine’ of this type it is changed even more. Say 
so and you are banned by Cult Internet platforms. The contempt the 
contemptuous Mark Zuckerberg has for the truth and human health 
can be seen in an internal Facebook video leaked to the Project 
Veritas investigative team in which he said of the ‘Covid vaccines’: 
‘... [share some caution on this because we just don’t know the long 
term side-effects of basically modifying people’s DNA and RNA.’ At 
the same time this disgusting man’s Facebook was censoring and 
banning anyone saying exactly the same. He must go before a 
Nuremberg trial for crimes against humanity when he knows that he 


is censoring legitimate concerns and denying the right of informed 
consent on behalf of the Cult that owns him. People have been killed 
and damaged by the very ‘vaccination’ technique he cast doubt on 
himself when they may not have had the ‘vaccine’ with access to 
information that he denied them. The plan is to have at least annual 
‘Covid vaccinations’, add others to deal with invented ‘variants’, and 
change all other vaccines into the mRNA system. Pfizer executives 
told shareholders at a virtual Barclays Global Healthcare Conference 
in March, 2021, that the public may need a third dose of ‘Covid 
vaccine’, plus regular yearly boosters and the company planned to 
hike prices to milk the profits in a ‘significant opportunity for our 
vaccine’. These are the professional liars, cheats and opportunists 
who are telling you their ‘vaccine’ is safe. Given this volume of 
mRNA planned to be infused into the human body and its ability to 
then replicate we will have a transformation of human genetics from 
biological to synthetic biological — exactly the long-time Cult plan for 
reasons we'll see — and many will die. Sherri Tenpenny said of this 
replication: 


It’s like having an on-button but no off-button and that whole mechanism ... they actually 
give it aname and they call it the Trojan horse mechanism, because it allows that [synthetic] 
virus and that piece of that [synthetic] virus to get inside of your cells, start to replicate and 
even get inserted into other parts of your DNA as a Trojan-horse. 


Ask the overwhelming majority of people who have the ‘vaccine’ 
what they know about the contents and what they do and they 
would reply: ‘The government says it will stop me getting the virus.’ 
Governments give that false impression on purpose to increase take- 
up. You can read Sherri Tenpenny’s detailed analysis of the health 
consequences in her blog at Vaxxter.com, but in summary these are 
some of them. She highlights the statement by Bill Gates about how 
human beings can become their own ‘vaccine manufacturing 
machine’. The man is insane. [“Vaccine’-generated] ‘antibodies’ carry 
synthetic messenger RNA into the cells and the damage starts, 
Tenpenny contends, and she says that lungs can be adversely 
affected through varying degrees of pus and bleeding which 


obviously affects breathing and would be dubbed ‘Covid-19’. Even 
more sinister was the impact of ‘antibodies’ on macrophages, a white 
blood cell of the immune system. They consist of Type 1 and Type 2 
which have very different functions. She said Type 1 are ‘hyper- 
vigilant’ white blood cells which ‘gobble up’ bacteria etc. However, 
in doing so, this could cause inflammation and in extreme 
circumstances be fatal. She says these affects are mitigated by Type 2 
macrophages which kick in to calm down the system and stop it 
going rogue. They clear up dead tissue debris and reduce 
inflammation that the Type 1 ‘fire crews’ have caused. Type 1 kills 
the infection and Type 2 heals the damage, she says. This is her 
punchline with regard to ‘Covid vaccinations’: She says that mRNA 
‘antibodies’ block Type 2 macrophages by attaching to them and 
deactivating them. This meant that when the Type 1 response was 
triggered by infection there was nothing to stop that getting out of 
hand by calming everything down. There’s an on-switch, but no off- 
switch, she says. What follows can be ‘over and out, see you when I 
see you’. 


Genetic suicide 

Tenpenny also highlights the potential for autoimmune disease — the 
body attacking itself —- which has been associated with vaccines since 
they first appeared. Infusing a synthetic foreign substance into cells 
could cause the immune system to react in a panic believing that the 
body is being overwhelmed by an invader (it is) and the 
consequences can again be fatal. There is an autoimmune response 
known as a ‘cytokine storm’ which I have likened to a homeowner 
panicked by an intruder and picking up a gun to shoot randomly in 
all directions before turning the fire on himself. The immune system 
unleashes a storm of inflammatory response called cytokines to a 
threat and the body commits hara-kiri. The lesson is that you mess 
with the body’s immune response at your peril and these ‘vaccines’ 
seriously — fundamentally — mess with immune response. Tenpenny 
refers to a consequence called anaphylactic shock which is a severe 
and highly dangerous allergic reaction when the immune system 


floods the body with chemicals. She gives the example of having a 
bee sting which primes the immune system and makes it sensitive to 
those chemicals. When people are stung again maybe years later the 
immune response can be so powerful that it leads to anaphylactic 
shock. Tenpenny relates this ‘shock’ with regard to the ‘Covid 
vaccine’ to something called polyethylene glycol or PEG. Enormous 
numbers of people have become sensitive to this over decades of use 
in a whole range of products and processes including food, drink, 
skin creams and ‘medicine’. Studies have claimed that some 72 
percent of people have antibodies triggered by PEG compared with 
two percent in the 1960s and allergic hypersensitive reactions to this 
become a gathering cause for concern. Tenpenny points out that the 
‘mRNA vaccine’ is coated in a ‘bubble’ of polyethylene glycol which 
has the potential to cause anaphylactic shock through immune 
sensitivity. Many reports have appeared of people reacting this way 
after having the ‘Covid vaccine’. What do we think is going to 
happen as humanity has more and more of these ‘vaccines’? 
Tenpenny said: ‘All these pictures we have seen with people with 
these rashes ... these weepy rashes, big reactions on their arms and 
things like that — it’s an acute allergic reaction most likely to the 
polyethylene glycol that you’ve been previously primed and 
sensitised to.’ 

Those who have not studied the conspiracy and its perpetrators at 
length might think that making the population sensitive to PEG and 
then putting it in these ‘vaccines’ is just a coincidence. It is not. It is 
instead testament to how carefully and coldly-planned current 
events have been and the scale of the conspiracy we are dealing 
with. Tenpenny further explains that the ‘vaccine’ mRNA procedure 
can breach the blood-brain barrier which protects the brain from 
toxins and other crap that will cause malfunction. In this case they 
could make two proteins corrupt brain function to cause 
Amyotrophic lateral sclerosis (ALS) , a progressive nervous system 
disease leading to loss of muscle control, and frontal lobe 
degeneration — Alzheimer’s and dementia. Immunologist J. Bart 
Classon published a paper connecting mRNA ‘vaccines’ to prion 


disease which can lead to Alzheimer’s and other forms of 
neurogenerative disease while others have pointed out the potential 
to affect the placenta in ways that make women infertile. This will 
become highly significant in the next chapter when I will discuss 
other aspects of this non-vaccine that relate to its nanotechnology 
and transmission from the injected to the uninjected. 


Qualified in idiocy 

Tenpenny describes how research has confirmed that these ‘vaccine’- 
generated antibodies can interact with a range of other tissues in the 
body and attack many other organs including the lungs. ‘This means 
that if you have a hundred people standing in front of you that all 
got this shot they could have a hundred different symptoms.’ 
Anyone really think that Cult gofers like the Queen, Tony Blair, 
Christopher Whitty, Anthony Fauci, and all the other psychopaths 
have really had this ‘vaccine’ in the pictures we’ve seen? Not a 
bloody chance. Why don’t doctors all tell us about all these dangers 
and consequences of the ‘Covid vaccine’? Why instead do they 
encourage and pressure patients to have the shot? Don’t let’s think 
for amoment that doctors and medical staff can’t be stupid, lazy, and 
psychopathic and that’s without the financial incentives to give the 
jab. Tenpenny again: 


Some people are going to die from the vaccine directly but a large number of people are 
going to start to get horribly sick and get all kinds of autoimmune diseases 42 days to maybe a 
year out. What are they going to do, these stupid doctors who say; ‘Good for you for getting 
that vaccine.’ What are they going to say; ‘Oh, it must be a mutant, we need to give an extra 
dose of that vaccine.’ 


Because now the vaccine, instead of one dose or two doses we need three or four because the 
stupid physicians aren’t taking the time to learn anything about it. If | can learn this sitting in 
my living room reading a 19 page paper and several others so can they. There’s nothing 
special about me, | just take the time to do it. 


Remember how Sara Kayat, the NHS and TV doctor, said that the 
‘Covid vaccine’ would ‘100 percent prevent hospitalisation and 
death’. Doctors can be idiots like every other profession and they 


should not be worshipped as infallible. They are not and far from it. 
Behind many medical and scientific ‘experts’ lies an uninformed prat 
trying to hide themselves from you although in the ‘Covid’ era many 
have failed to do so as with UK narrative-repeating “TV doctor’ 
Hilary Jones. Pushing back against the minority of proper doctors 
and scientists speaking out against the ‘vaccine’ has been the entire 
edifice of the Cult global state in the form of governments, medical 
systems, corporations, mainstream media, Silicon Valley, and an 
army of compliant doctors, medical staff and scientists willing to say 
anything for money and to enhance their careers by promoting the 
party line. If you do that you are an ‘expert’ and if you won’t you are 
an ‘anti-vaxxer’ and ‘Covidiot’. The pressure to be ‘vaccinated’ is 
incessant. We have even had reports claiming that the ‘vaccine’ can 
help cure cancer and Alzheimer’s and make the lame walk. I am 
waiting for the announcement that it can bring you coffee in the 
morning and cook your tea. Just as the symptoms of ‘Covid’ seem to 
increase by the week so have the miracles of the ‘vaccine’. American 
supermarket giant Kroger Co. offered nearly 500,000 employees in 
35 states a $100 bonus for having the ‘vaccine’ while donut chain 
Krispy Kreme promised ‘vaccinated’ customers a free glazed donut 
every day for the rest of 2021. Have your DNA changed and you will 
get a doughnut although we might not have to give you them for 
long. Such offers and incentives confirm the desperation. 


Perhaps the worse vaccine-stunt of them all was UK ‘Health’ 
Secretary Matt-the-prat Hancock on live TV after watching a clip of 
someone being ‘vaccinated’ when the roll-out began. Hancock faked 
tears so badly it was embarrassing. Brain-of-Britain Piers Morgan, 
the lockdown-supporting, ‘vaccine’ supporting, ‘vaccine’ passport- 
supporting, TV host played along with Hancock — ‘You're quite 
emotional about that’ he said in response to acting so atrocious it 
would have been called out at a school nativity which will 
presumably today include Mary and Jesus in masks, wise men 
keeping their camels six feet apart, and shepherds under tent arrest. 
System-serving Morgan tweeted this: ‘Love the idea of covid vaccine 
passports for everywhere: flights, restaurants, clubs, football, gyms, 


shops etc. It’s time covid-denying, anti-vaxxer loonies had their 
bullsh*t bluff called & bar themselves from going anywhere that 
responsible citizens go.’ If only I could aspire to his genius. To think 
that Morgan, who specialises in shouting over anyone he disagrees 
with, was lauded as a free speech hero when he lost his job after 
storming off the set of his live show like a child throwing his dolly 
out of the pram. If he is a free speech hero we are in real trouble. I 
have no idea what ‘bullsh*t’ means, by the way, the * throws me 
completely. 

The Cult is desperate to infuse its synthetic DNA-changing 
concoction into everyone and has been using every lie, trick and 
intimidation to do so. The question of ‘Why?’ we shall now address. 


CHAPTER TEN 
Human 2.0 


| believe that at the end of the century the use of words and general 

educated opinion will have altered so much that one will be able to 

speak of machines thinking without expecting to be contradicted — 
Alan Turing (1912-1954), the ‘Father of artificial intelligence‘ 


have been exposing for decades the plan to transform the human 

body from a biological to a synthetic-biological state. The new 
human that I will call Human 2.0 is planned to be connected to 
artificial intelligence and a global AI ‘Smart Grid’ that would operate 
as one global system in which AI would control everything from 
your fridge to your heating system to your car to your mind. 
Humans would no longer be ‘human’, but post-human and sub- 
human, with their thinking and emotional processes replaced by AI. 

What I said sounded crazy and beyond science fiction and I could 
understand that. To any balanced, rational, mind it is crazy. Today, 
however, that world is becoming reality and it puts the ‘Covid 
vaccine’ into its true context. Ray Kurzweil is the ultra-Zionist 
‘computer scientist, inventor and futurist’ and co-founder of the 
Singularity University. Singularity refers to the merging of humans 
with machines or ‘transhumanism’. Kurzweil has said humanity 
would be connected to the cyber ‘cloud’ in the period of the ever- 
recurring year of 2030: 


Our thinking ... will be a hybrid of biological and non-biological thinking ... humans will be 
able to extend their limitations and ‘think in the cloud’ ... We’re going to put gateways to the 


cloud in our brains ... We're going to gradually merge and enhance ourselves ... In my view, 
that’s the nature of being human — we transcend our limitations. As the technology becomes 
vastly superior to what we are then the small proportion that is still human gets smaller and 
smaller and smaller until it’s just utterly negligible. 


They are trying to sell this end-of-humanity-as-we-know-it as the 
next stage of ‘evolution’ when we become super-human and ‘like the 
gods’. They are lying to you. Shocked, eh? The population, and again 
especially the young, have been manipulated into addiction to 
technologies designed to enslave them for life. First they induced an 
addiction to smartphones (holdables); next they moved to 
technology on the body (wearables); and then began the invasion of 
the body (implantables). I warned way back about the plan for 
microchipped people and we are now entering that era. We should 
not be diverted into thinking that this refers only to chips we can see. 
Most important are the nanochips known as smart dust, neural dust 
and nanobots which are far too small to be seen by the human eye. 
Nanotechnology is everywhere, increasingly in food products, and 
released into the atmosphere by the geoengineering of the skies 
funded by Bill Gates to ‘shut out the Sun’ and ‘save the planet from 
global warming’. Gates has been funding a project to spray millions 
of tonnes of chalk (calcium carbonate) into the stratosphere over 
Sweden to ‘dim the Sun’ and cool the Earth. Scientists warned the 
move could be disastrous for weather systems in ways no one can 
predict and opposition led to the Swedish space agency announcing 
that the ‘experiment’ would not be happening as planned in the 
summer of 2021; but it shows where the Cult is going with dimming 
the impact of the Sun and there’s an associated plan to change the 
planet’s atmosphere. Who gives psychopath Gates the right to 
dictate to the entire human race and dismantle planetary systems? 
The world will not be safe while this man is at large. 

The global warming hoax has made the Sun, like the gas of life, 
something to fear when both are essential to good health and human 
survival (more inversion). The body transforms sunlight into vital 
vitamin D through a process involving ... cholesterol. This is the 
cholesterol we are also told to fear. We are urged to take Big Pharma 


statin drugs to reduce cholesterol and it’s all systematic. Reducing 
cholesterol means reducing vitamin D uptake with all the multiple 
health problems that will cause. At least if you take statins long term 
it saves the government from having to pay you a pension. The 
delivery system to block sunlight is widely referred to as chemtrails 
although these have a much deeper agenda, too. They appear at first 
to be contrails or condensation trails streaming from aircraft into 
cold air at high altitudes. Contrails disperse very quickly while 
chemtrails do not and spread out across the sky before eventually 
their content falls to earth. Many times I have watched aircraft cross- 
cross a clear blue sky releasing chemtrails until it looks like a cloudy 
day. Chemtrails contain many things harmful to humans and the 
natural world including toxic heavy metals, aluminium (see 
Alzheimer’s) and nanotechnology. Ray Kurzweil reveals the reason 
without actually saying so: ‘Nanobots will infuse all the matter 
around us with information. Rocks, trees, everything will become 
these intelligent creatures.’ How do you deliver that? From the sky. 
Self-replicating nanobots would connect everything to the Smart 
Grid. The phenomenon of Morgellons disease began in the chemtrail 
era and the correlation has led to it being dubbed the ‘chemtrail 
disease’. Self-replicating fibres appear in the body that can be pulled 
out through the skin. Morgellons fibres continue to grow outside the 
body and have a form of artificial intelligence. I cover this at greater 
length in Phantom Self. 


Vaccine’ operating system 

‘Covid vaccines’ with their self-replicating synthetic material are also 
designed to make the connection between humanity and Kurzweil’s 
‘cloud’. American doctor and dedicated campaigner for truth, Carrie 
Madej, an Internal Medicine Specialist in Georgia with more than 20 
years medical experience, has highlighted the nanotechnology aspect 
of the fake ‘vaccines’. She explains how one of the components in at 
least the Moderna and Pfizer synthetic potions are ‘lipid 
nanoparticles’ which are ‘like little tiny computer bits’ — a ‘sci-fi 
substance’ known as nanobots and hydrogel which can be ‘triggered 


at any moment to deliver its payload’ and act as ‘biosensors’. The 
synthetic substance had ‘the ability to accumulate data from your 
body like your breathing, your respiration, thoughts and emotions, 
all kind of things’ and each syringe could carry a million nanobots: 


This substance because it’s like little bits of computers in your body, crazy, but it’s true, it can 
do that, [and] obviously has the ability to act through Wi-Fi. It can receive and transmit 
energy, messages, frequencies or impulses. That issue has never been addressed by these 
companies. What does that do to the human? 


Just imagine getting this substance in you and it can react to things all around you, the 5G, 
your smart device, your phones, what is happening with that? What if something is triggering 
it, too, like an impulse, a frequency? We have something completely foreign in the human 
body. 


Madej said her research revealed that electromagnetic (EMF) 
frequencies emitted by phones and other devices had increased 
dramatically in the same period of the ‘vaccine’ rollout and she was 
seeing more people with radiation problems as 5G and other 
electromagnetic technology was expanded and introduced to schools 
and hospitals. She said she was “floored with the EMF coming off’ 
the devices she checked. All this makes total sense and syncs with 
my own work of decades when you think that Moderna refers in 
documents to its mRNA ‘vaccine’ as an ‘operating system’: 


Recognizing the broad potential of mRNA science, we set out to create an MRNA technology 
platform that functions very much like an operating system on a computer. It is designed so 
that it can plug and play interchangeably with different programs. In our case, the ‘program’ 
or ‘app’ is our MRNA drug — the unique MRNA sequence that codes for a protein ... 


... Our MRNA Medicines — ‘The ‘Software Of Life’: When we have a concept for a new 
mRNA medicine and begin research, fundamental components are already in place. 
Generally, the only thing that changes from one potential MRNA medicine to another is the 
coding region — the actual genetic code that instructs ribosomes to make protein. Utilizing 
these instruction sets gives our investigational MRNA medicines a software-like quality. We 
also have the ability to combine different mRNA sequences encoding for different proteins in 
a single MRNA investigational medicine. 


Who needs a real ‘virus’ when you can create a computer version to 
justify infusing your operating system into the entire human race on 
the road to making living, breathing people into cyborgs? What is 
missed with the ‘vaccines’ is the digital connection between synthetic 
material and the body that I highlighted earlier with the study that 
hacked a computer with human DNA. On one level the body is 
digital, based on mathematical codes, and I’ll have more about that 
in the next chapter. Those who ridiculously claim that mRNA 
‘vaccines’ are not designed to change human genetics should explain 
the words of Dr Tal Zaks, chief medical officer at Moderna, in a 2017 
TED talk. He said that over the last 30 years ‘we’ve been living this 
phenomenal digital scientific revolution, and I’m here today to tell 
you, that we are actually hacking the software of life, and that it’s 
changing the way we think about prevention and treatment of 
disease’: 


In every cell there’s this thing called messenger RNA, or MRNA for short, that transmits the 
critical information from the DNA in our genes to the protein, which is really the stuff we’re 
all made out of. This is the critical information that determines what the cell will do. So we 
think about it as an operating system. So if you could change that, if you could introduce a 
line of code, or change a line of code, it turns out, that has profound implications for 
everything, from the flu to cancer. 


Zaks should more accurately have said that this has profound 
implications for the human genetic code and the nature of DNA. 
Communications within the body go both ways and not only one. 
But, hey, no, the ‘Covid vaccine’ will not affect your genetics. Cult 
fact-checkers say so even though the man who helped to develop the 
mRNA technique says that it does. Zaks said in 2017: 


If you think about what it is we’re trying to do. We’ve taken information and our 
understanding of that information and how that information is transmitted in a cell, and we’ve 
taken our understanding of medicine and how to make drugs, and we’re fusing the two. We 
think of it as information therapy. 


I have been writing for decades that the body is an information 
field communicating with itself and the wider world. This is why 


radiation which is information can change the information field of 
body and mind through phenomena like 5G and change their nature 
and function. ‘Information therapy’ means to change the body’s 
information field and change the way it operates. DNA is a receiver- 
transmitter of information and can be mutated by information like 
mRNA synthetic messaging. Technology to do this has been ready 
and waiting in the underground bases and other secret projects to be 
rolled out when the ‘Covid’ hoax was played. ‘Trials’ of such short 
and irrelevant duration were only for public consumption. When 
they say the ‘vaccine’ is ‘experimental’ that is not true. It may appear 
to be ‘experimental’ to those who don’t know what's going on, but 
the trials have already been done to ensure the Cult gets the result it 
desires. Zaks said that it took decades to sequence the human 
genome, completed in 2003, but now they could do it in a week. By 
‘they’ he means scientists operating in the public domain. In the 
secret projects they were sequencing the genome in a week long 
before even 2003. 


Deluge of mRNA 

Highly significantly the Moderna document says the guiding 
premise is that if using mRNA as a medicine works for one disease 
then it should work for many diseases. They were leveraging the 
flexibility afforded by their platform and the fundamental role 
mRNA plays in protein synthesis to pursue mRNA medicines for a 
broad spectrum of diseases. Moderna is confirming what I was 
saying through 2020 that multiple ‘vaccines’ were planned for 
‘Covid’ (and later invented ‘variants’) and that previous vaccines 
would be converted to the mRNA system to infuse the body with 
massive amounts of genetically-manipulating synthetic material to 
secure a transformation to a synthetic-biological state. The ‘vaccines’ 
are designed to kill stunning numbers as part of the long-exposed 
Cult depopulation agenda and transform the rest. Given this is the 
goal you can appreciate why there is such hysterical demand for 
every human to be ‘vaccinated’ for an alleged ‘disease’ that has an 
estimated ‘infection’ to ‘death’ ratio of 0.23-0.15 percent. As I write 


children are being given the ‘vaccine’ in trials (their parents are a 
disgrace) and ever-younger people are being offered the vaccine for 
a ‘virus’ that even if you believe it exists has virtually zero chance of 
harming them. Horrific effects of the ‘trials’ on a 12-year-old girl 
were revealed by a family member to be serious brain and gastric 
problems that included a bowel obstruction and the inability to 
swallow liquids or solids. She was unable to eat or drink without 
throwing up, had extreme pain in her back, neck and abdomen, and 
was paralysed from the waist down which stopped her urinating 
unaided. When the girl was first taken to hospital doctors said it was 
all in her mind. She was signed up for the ‘trial’ by her parents for 
whom no words suffice. None of this ‘Covid vaccine’ insanity makes 
any sense unless you see what the ‘vaccine’ really is — a body- 
changer. Synthetic biology or ‘SynBio’ is a fast-emerging and 
expanding scientific discipline which includes everything from 
genetic and molecular engineering to electrical and computer 
engineering. Synthetic biology is defined in these ways: 


e A multidisciplinary area of research that seeks to create new 
biological parts, devices, and systems, or to redesign systems that 
are already found in nature. 


e The use of a mixture of physical engineering and genetic 
engineering to create new (and therefore synthetic) life forms. 


e Anemerging field of research that aims to combine the 
knowledge and methods of biology, engineering and related 
disciplines in the design of chemically-synthesized DNA to create 
organisms with novel or enhanced characteristics and traits 
(synthetic organisms including humans). 


We now have synthetic blood, skin, organs and limbs being 
developed along with synthetic body parts produced by 3D printers. 
These are all elements of the synthetic human programme and this 
comment by Kurzweil’s co-founder of the Singularity University, 


Peter Diamandis, can be seen in a whole new light with the ‘Covid’ 
hoax and the sanctions against those that refuse the ‘vaccine’: 


Anybody who is going to be resisting the progress forward [to transhumanism] is going to be 
resisting evolution and, fundamentally, they will die out. It’s not a matter of whether it’s good 
or bad. It’s going to happen. 


‘Resisting evolution’? What absolute bollocks. The arrogance of these 
people is without limit. His ‘it’s going to happen’ mantra is another 
way of saying ‘resistance is futile’ to break the spirit of those pushing 
back and we must not fall for it. Getting this genetically- 
transforming ‘vaccine’ into everyone is crucial to the Cult plan for 
total control and the desperation to achieve that is clear for anyone 
to see. Vaccine passports are a major factor in this and they, too, are a 
form of resistance is futile. It’s NOT. The paper funded by the 
Rockefeller Foundation for the 2013 ‘health conference’ in China 
said: 


We will interact more with artificial intelligence. The use of robotics, bio-engineering to 
augment human functioning is already well underway and will advance. Re-engineering of 
humans into potentially separate and unequal forms through genetic engineering or mixed 
human-robots raises debates on ethics and equality. 


A new demography is projected to emerge after 2030 [that year again] of technologies 
(robotics, genetic engineering, nanotechnology) producing robots, engineered organisms, 
‘nanobots’ and artificial intelligence (Al) that can self-replicate. Debates will grow on the 
implications of an impending reality of human designed life. 


What is happening today is so long planned. The world army 
enforcing the will of the world government is intended to be a robot 
army, not a human one. Today’s military and its technologically 
‘enhanced’ troops, pilotless planes and driverless vehicles are just 
stepping stones to that end. Human soldiers are used as Cult fodder 
and its time they woke up to that and worked for the freedom of the 
population instead of their own destruction and their family’s 
destruction — the same with the police. Join us and let’s sort this out. 
The phenomenon of enforce my own destruction is widespread in 
the ‘Covid’ era with Woker ‘luvvies’ in the acting and entertainment 


industries supporting ‘Covid’ rules which have destroyed their 
profession and the same with those among the public who put signs 
on the doors of their businesses ‘closed due to Covid — stay safe’ 
when many will never reopen. It’s a form of masochism and most 
certainly insanity. 


Transgender = transhumanism 

When something explodes out of nowhere and is suddenly 
everywhere it is always the Cult agenda and so it is with the tidal 
wave of claims and demands that have infiltrated every aspect of 
society under the heading of ‘transgenderism’. The term ‘trans’ is so 
‘in’ and this is the dictionary definition: 


A prefix meaning ‘across’, ‘through’, occurring ... in loanwords from Latin, used in particular 
for denoting movement or conveyance from place to place (transfer; transmit; transplant) or 
complete change (transform; transmute), or to form adjectives meaning ‘crossing’, ‘on the 
other side of’, or ‘going beyond’ the place named (transmontane; transnational; trans- 
Siberian). 


Transgender means to go beyond gender and transhuman means 
to go beyond human. Both are aspects of the Cult plan to transform 
the human body to a synthetic state with no gender. Human 2.0 is not 
designed to procreate and would be produced technologically with 
no need for parents. The new human would mean the end of parents 
and so men, and increasingly women, are being targeted for the 
deletion of their rights and status. Parental rights are disappearing at 
an ever-quickening speed for the same reason. The new human 
would have no need for men or women when there is no procreation 
and no gender. Perhaps the transgender movement that appears to 
be in a permanent state of frenzy might now contemplate on how it 
is being used. This was never about transgender rights which are 
only the interim excuse for confusing gender, particularly in the 
young, on the road to fusing gender. Transgender activism is not an 
end; it is a means to an end. We see again the technique of creative 
destruction in which you destroy the status quo to “build back better’ 
in the form that you want. The gender status quo had to be 


destroyed by persuading the Cult-created Woke mentality to believe 
that you can have 100 genders or more. A programme for 9 to 12 
year olds produced by the Cult-owned BBC promoted the 100 
genders narrative. The very idea may be the most monumental 
nonsense, but it is not what is true that counts, only what you can 
make people believe is true. Once the gender of 2 + 2 = 4 has been 
dismantled through indoctrination, intimidation and 2 + 2 =5 then 
the new no-gender normal can take its place with Human 2.0. 
Aldous Huxley revealed the plan in his prophetic Brave New World in 
1932: 


Natural reproduction has been done away with and children are created, decanted’, and 
raised in ‘hatcheries and conditioning centres’. From birth, people are genetically designed to 
fit into one of five castes, which are further split into ‘Plus’ and ‘Minus’ members and designed 
to fulfil predetermined positions within the social and economic strata of the World State. 


How could Huxley know this in 1932? For the same reason George 
Orwell knew about the Big Brother state in 1948, Cult insiders I have 
quoted knew about it in 1969, and I have known about it since the 
early 1990s. If you are connected to the Cult or you work your balls 
off to uncover the plan you can predict the future. The process is 
simple. If there is a plan for the world and nothing intervenes to stop 
it then it will happen. Thus if you communicate the plan ahead of 
time you are perceived to have predicted the future, but you haven't. 
You have revealed the plan which without intervention will become 
the human future. The whole reason I have done what I have is to 
alert enough people to inspire an intervention and maybe at last that 
time has come with the Cult and its intentions now so obvious to 
anyone with a brain in working order. 


The future is here 

Technological wombs that Huxley described to replace parent 
procreation are already being developed and they are only the 
projects we know about in the public arena. Israeli scientists told The 
Times of Israel in March, 2021, that they have grown 250-cell embryos 


into mouse foetuses with fully formed organs using artificial wombs 
in a development they say could pave the way for gestating humans 
outside the womb. Professor Jacob Hanna of the Weizmann Institute 
of Science said: 


We took mouse embryos from the mother at day five of development, when they are just of 
250 cells, and had them in the incubator from day five until day 11, by which point they had 
grown all their organs. 


By day 11 they make their own blood and have a beating heart, a fully developed brain. 
Anybody would look at them and say, ‘this is clearly a mouse foetus with all the 
characteristics of a mouse.’ It’s gone from being a ball of cells to being an advanced foetus. 


A special liquid is used to nourish embryo cells in a laboratory 
dish and they float on the liquid to duplicate the first stage of 
embryonic development. The incubator creates all the right 
conditions for its development, Hanna said. The liquid gives the 
embryo ‘all the nutrients, hormones and sugars they need’ along 
with a custom-made electronic incubator which controls gas 
concentration, pressure and temperature. The cutting-edge in the 
underground bases and other secret locations will be light years 
ahead of that, however, and this was reported by the London 
Guardian in 2017: 


We are approaching a biotechnological breakthrough. Ectogenesis, the invention of a 
complete external womb, could completely change the nature of human reproduction. In 
April this year, researchers at the Children’s Hospital of Philadelphia announced their 
development of an artificial womb. 


The article was headed ‘Artificial wombs could soon be a reality. 
What will this mean for women?’ What would it mean for children is 
an even bigger question. No mother to bond with only a machine in 
preparation for a life of soulless interaction and control in a world 
governed by machines (see the Matrix movies). Now observe the 
calculated manipulations of the ‘Covid’ hoax as human interaction 
and warmth has been curtailed by distancing, isolation and fear with 
people communicating via machines on a scale never seen before. 


These are all dots in the same picture as are all the personal 
assistants, gadgets and children’s toys through which kids and 
adults communicate with AI as if it is human. The AI ‘voice’ on Sat- 
Nav should be included. All these things are psychological 
preparation for the Cult endgame. Before you can make a physical 
connection with AI you have to make a psychological connection 
and that is what people are being conditioned to do with this ever 
gathering human-Al interaction. Movies and TV programmes 
depicting the transhuman, robot dystopia relate to a phenomenon 
known as ‘pre-emptive programming’ in which the world that is 
planned is portrayed everywhere in movies, TV and advertising. 
This is conditioning the conscious and subconscious mind to become 
familiar with the planned reality to dilute resistance when it 
happens for real. What would have been a shock such is the change 
is made less so. We have young children put on the road to 
transgender transition surgery with puberty blocking drugs at an 
age when they could never be able to make those life-changing 
decisions. 

Rachel Levine, a professor of paediatrics and psychiatry who 
believes in treating children this way, became America’s highest- 
ranked openly-transgender official when she was confirmed as US 
Assistant Secretary at the Department of Health and Human 
Services after being nominated by Joe Biden (the Cult). Activists and 
governments press for laws to deny parents a say in their children’s 
transition process so the kids can be isolated and manipulated into 
agreeing to irreversible medical procedures. A Canadian father 
Robert Hoogland was denied bail by the Vancouver Supreme Court 
in 2021 and remained in jail for breaching a court order that he stay 
silent over his young teenage daughter, a minor, who was being 
offered life-changing hormone therapy without parental consent. At 
the age of 12 the girl’s ‘school counsellor’ said she may be 
transgender, referred her to a doctor and told the school to treat her 
like a boy. This is another example of state-serving schools imposing 
ever more control over children’s lives while parents have ever less. 


Contemptible and extreme child abuse is happening all over the 
world as the Cult gender-fusion operation goes into warp-speed. 


Why the war on men — and now women? 

The question about what artificial wombs mean for women should 
rightly be asked. The answer can be seen in the deletion of women’s 
rights involving sport, changing rooms, toilets and status in favour 
of people in male bodies claiming to identify as women. I can 
identify as a mountain climber, but it doesn’t mean I can climb a 
mountain any more than a biological man can be a biological 
woman. To believe so is a triumph of belief over factual reality which 
is the very perceptual basis of everything Woke. Women’s sport is 
being destroyed by allowing those with male bodies who say they 
identify as female to ‘compete’ with girls and women. Male body 
‘women’ dominate ‘women’s’ competition with their greater muscle 
mass, bone density, strength and speed. With that disadvantage 
sport for women loses all meaning. To put this in perspective nearly 
300 American high school boys can run faster than the quickest 
woman sprinter in the world. Women are seeing their previously 
protected spaces invaded by male bodies simply because they claim 
to identify as women. That's all they need to do to access all women’s 
spaces and activities under the Biden ‘Equality Act’ that destroys 
equality for women with the usual Orwellian Woke inversion. Male 
sex offenders have already committed rapes in women’s prisons after 
claiming to identify as women to get them transferred. Does this not 
matter to the Woke ‘equality’ hypocrites? Not in the least. What 
matters to Cult manipulators and funders behind transgender 
activists is to advance gender fusion on the way to the no-gender 
‘human’. When you are seeking to impose transparent nonsense like 
this, or the ‘Covid’ hoax, the only way the nonsense can prevail is 
through censorship and intimidation of dissenters, deletion of 
factual information, and programming of the unquestioning, 
bewildered and naive. You don’t have to scan the world for long to 
see that all these things are happening. 


Many women’s rights organisations have realised that rights and 
status which took such a long time to secure are being eroded and 
that it is systematic. Kara Dansky of the global Women’s Human 
Rights Campaign said that Biden’s transgender executive order 
immediately he took office, subsequent orders, and Equality Act 
legislation that followed “seek to erase women and girls in the law as 
a category’. Exactly. I said during the long ago-started war on men 
(in which many women play a crucial part) that this was going to 
turn into a war on them. The Cult is phasing out both male and 
female genders. To get away with that they are brought into conflict 
so they are busy fighting each other while the Cult completes the job 
with no unity of response. Unity, people, unity. We need unity 
everywhere. Transgender is the only show in town as the big step 
towards the no-gender human. It’s not about rights for transgender 
people and never has been. Woke political correctness is deleting 
words relating to genders to the same end. Wokers believe this is to 
be ‘inclusive’ when the opposite is true. They are deleting words 
describing gender because gender itself is being deleted by Human 
2.0. Terms like ‘man’, ‘woman’, ‘mother’ and ‘father’ are being 
deleted in the universities and other institutions to be replaced by 
the no-gender, not trans-gender, ‘individuals’ and ‘guardians’. 
Women’s rights campaigner Maria Keffler of Partners for Ethical 
Care said: “Children are being taught from kindergarten upward that 
some boys have a vagina, some girls have a penis, and that kids can 
be any gender they want to be.’ Do we really believe that suddenly 
countries all over the world at the same time had the idea of having 
drag queens go into schools or read transgender stories to very 
young children in the local library? It’s coldly-calculated confusion 
of gender on the way to the fusion of gender. Suzanne Vierling, a 
psychologist from Southern California, made another important 
point: 


Yesterday’s slave woman who endured gynecological medical experiments is today’s girl- 
child being butchered in a booming gender-transitioning sector. Ovaries removed, pushing her 
into menopause and osteoporosis, uncharted territory, and parents’ rights and authority 
decimated. 


The erosion of parental rights is a common theme in line with the 
Cult plans to erase the very concept of parents and ‘ovaries removed, 
pushing her into menopause’ means what? Those born female lose 
the ability to have children — another way to discontinue humanity 
as we know it. 


Eliminating Human 1.0 (before our very eyes) 

To pave the way for Human 2.0 you must phase out Human 1.0. This 
is happening through plummeting sperm counts and making 
women infertile through an onslaught of chemicals, radiation 
(including smartphones in pockets of men) and mRNA ‘vaccines’. 
Common agriculture pesticides are also having a devastating impact 
on human fertility. I have been tracking collapsing sperm counts in 
the books for a long time and in 2021 came a book by fertility 
scientist and reproductive epidemiologist Shanna Swan, Count 
Down: How Our Modern World Is Threatening Sperm Counts, Altering 
Male and Female Reproductive Development and Imperiling the Future of 
the Human Race. She reports how the global fertility rate dropped by 
half between 1960 and 2016 with America’s birth rate 16 percent 
below where it needs to be to sustain the population. Women are 
experiencing declining egg quality, more miscarriages, and more 
couples suffer from infertility. Other findings were an increase in 
erectile dysfunction, infant boys developing more genital 
abnormalities, male problems with conception, and plunging levels 
of the male hormone testosterone which would explain why so 
many men have lost their backbone and masculinity. This has been 
very evident during the ‘Covid’ hoax when women have been 
prominent among the Pushbackers and big strapping blokes have 
bowed their heads, covered their faces with a nappy and quietly 
submitted. Mind control expert Cathy O’Brien also points to how 
global education introduced the concept of ‘we’re all winners’ in 
sport and classrooms: ‘Competition was defused, and it in turn 
defused a sense of fighting back.’ This is another version of the 
‘equity’ doctrine in which you drive down rather than raise up. 
What a contrast in Cult-controlled China with its global ambitions 


where the government published plans in January, 2021, to ‘cultivate 
masculinity’ in boys from kindergarten through to high school in the 
face of a ‘masculinity crisis’. A government adviser said boys would 
be soon become ‘delicate, timid and effeminate’ unless action was 
taken. Don’t expect any similar policy in the targeted West. A 2006 
study showed that a 65-year-old man in 2002 had testosterone levels 
15 percent lower than a 65-year-old man in 1987 while a 2020 study 
found a similar story with young adults and adolescents. Men are 
getting prescriptions for testosterone replacement therapy which 
causes an even greater drop in sperm count with up to 99 percent 
seeing sperm counts drop to zero during the treatment. More sperm 
is defective and malfunctioning with some having two heads or not 
pursuing an egg. 

A class of synthetic chemicals known as phthalates are being 
blamed for the decline. These are found everywhere in plastics, 
shampoos, cosmetics, furniture, flame retardants, personal care 
products, pesticides, canned foods and even receipts. Why till 
receipts? Everyone touches them. Let no one delude themselves that 
all this is not systematic to advance the long-time agenda for human 
body transformation. Phthalates mimic hormones and disrupt the 
hormone balance causing testosterone to fall and genital birth 
defects in male infants. Animals and fish have been affected in the 
same way due to phthalates and other toxins in rivers. When fish 
turn gay or change sex through chemicals in rivers and streams it is 
a pointer to why there has been such an increase in gay people and 
the sexually confused. It doesn’t matter to me what sexuality people 
choose to be, but if it’s being affected by chemical pollution and 
consumption then we need to know. Does anyone really think that 
this is not connected to the transgender agenda, the war on men and 
the condemnation of male ‘toxic masculinity’? You watch this being 
followed by ‘toxic femininity’. It’s already happening. When 
breastfeeding becomes ‘chest-feeding’, pregnant women become 
pregnant people along with all the other Woke claptrap you know 
that the world is going insane and there’s a Cult scam in progress. 
Transgender activists are promoting the Cult agenda while Cult 


billionaires support and fund the insanity as they laugh themselves 
to sleep at the sheer stupidity for which humans must be infamous 
in galaxies far, far away. 


‘Covid vaccines’ and female infertility 

We can now see why the ‘vaccine’ has been connected to potential 
infertility in women. Dr Michael Yeadon, former Vice President and 
Chief Scientific Advisor at Pfizer, and Dr Wolfgang Wodarg in 
Germany, filed a petition with the European Medicines Agency in 
December, 2020, urging them to stop trials for the Pfizer/BioNTech 
shot and all other mRNA trials until further studies had been done. 
They were particularly concerned about possible effects on fertility 
with ‘vaccine’-produced antibodies attacking the protein Syncytin-1 
which is responsible for developing the placenta. The result would 
be infertility ‘of indefinite duration’ in women who have the 
‘vaccine’ with the placenta failing to form. Section 10.4.2 of the 
Pfizer/BioNTech trial protocol says that pregnant women or those 
who might become so should not have mRNA shots. Section 10.4 
warns men taking mRNA shots to ‘be abstinent from heterosexual 
intercourse’ and not to donate sperm. The UK government said that 
it did not know if the mRNA procedure had an effect on fertility. Did 
not know? These people have to go to jail. UK government advice did 
not recommend at the start that pregnant women had the shot and 
said they should avoid pregnancy for at least two months after 
‘vaccination’. The ‘advice’ was later updated to pregnant women 
should only have the ‘vaccine’ if the benefits outweighed the risks to 
mother and foetus. What the hell is that supposed to mean? Then 
‘spontaneous abortions’ began to appear and rapidly increase on the 
adverse reaction reporting schemes which include only a fraction of 
adverse reactions. Thousands and ever-growing numbers of 
‘vaccinated’ women are describing changes to their menstrual cycle 
with heavier blood flow, irregular periods and menstruating again 
after going through the menopause — all links to reproduction 
effects. Women are passing blood clots and the lining of their uterus 
while men report erectile dysfunction and blood effects. Most 


significantly of all unvaccinated women began to report similar 
menstrual changes after interaction with ‘vaccinated’ people and men 
and children were also affected with bleeding noses, blood clots and 
other conditions. ‘Shedding’ is when vaccinated people can emit the 
content of a vaccine to affect the unvaccinated, but this is different. 
‘Vaccinated’ people were not shedding a ‘live virus’ allegedly in 
‘vaccines’ as before because the fake ‘Covid vaccines’ involve 
synthetic material and other toxicity. Doctors exposing what is 
happening prefer the term ‘transmission’ to shedding. Somehow 
those that have had the shots are transmitting effects to those that 
haven't. Dr Carrie Madej said the nano-content of the ‘vaccines’ can 
‘act like an antenna’ to others around them which fits perfectly with 
my own conclusions. This ‘vaccine’ transmission phenomenon was 
becoming known as the book went into production and I deal with 
this further in the Postscript. 


Vaccine effects on sterility are well known. The World Health 
Organization was accused in 2014 of sterilising millions of women in 
Kenya with the evidence confirmed by the content of the vaccines 
involved. The same WHO behind the ‘Covid’ hoax admitted its 
involvement for more than ten years with the vaccine programme. 
Other countries made similar claims. Charges were lodged by 
Tanzania, Nicaragua, Mexico, and the Philippines. The Gardasil 
vaccine claimed to protect against a genital ‘virus’ known as HPV 
has also been linked to infertility. Big Pharma and the WHO (same 
thing) are criminal and satanic entities. Then there’s the Bill Gates 
Foundation which is connected through funding and shared 
interests with 20 pharmaceutical giants and laboratories. He stands 
accused of directing the policy of United Nations Children’s Fund 
(UNICEF), vaccine alliance GAVI, and other groupings, to advance 
the vaccine agenda and silence opposition at great cost to women 
and children. At the same time Gates wants to reduce the global 
population. Coincidence? 


Great Reset = Smart Grid = new human 


The Cult agenda I have been exposing for 30 years is now being 
openly promoted by Cult assets like Gates and Klaus Schwab of the 
World Economic Forum under code-terms like the ‘Great Reset’, 
‘Build Back Better’ and ‘a rare but narrow window of opportunity to 
reflect, reimagine, and reset our world’. What provided this ‘rare but 
narrow window of opportunity’? The ‘Covid’ hoax did. Who created 
that? They did. My books from not that long ago warned about the 
planned ‘Internet of Things’ (loT) and its implications for human 
freedom. This was the plan to connect all technology to the Internet 
and artificial intelligence and today we are way down that road with 
an estimated 36 billion devices connected to the World Wide Web 
and that figure is projected to be 76 billion by 2025. I further warned 
that the Cult planned to go beyond that to the Internet of Everything 
when the human brain was connected via AI to the Internet and 
Kurzweil’s ‘cloud’. Now we have Cult operatives like Schwab calling 
for precisely that under the term ‘Internet of Bodies’, a fusion of the 
physical, digital and biological into one centrally-controlled Smart 
Grid system which the Cult refers to as the ‘Fourth Industrial 
Revolution’. They talk about the ‘biological’, but they really mean 
the synthetic-biological which is required to fully integrate the 
human body and brain into the Smart Grid and artificial intelligence 
planned to replace the human mind. We have everything being 
synthetically manipulated including the natural world through 
GMO and smart dust, the food we eat and the human body itself 
with synthetic ‘vaccines’. I said in The Answer that we would see the 
Cult push for synthetic meat to replace animals and in February, 
2021, the so predictable psychopath Bill Gates called for the 
introduction of synthetic meat to save us all from ‘climate change’. 
The climate hoax just keeps on giving like the ‘Covid’ hoax. The war 
on meat by vegan activists is a carbon (oops, sorry) copy of the 
manipulation of transgender activists. They have no idea (except 
their inner core) that they are being used to promote and impose the 
agenda of the Cult or that they are only the vehicle and not the reason. 
This is not to say those who choose not to eat meat shouldn’t be 
respected and supported in that right, but there are ulterior motives 


for those in power. A Forbes article in December, 2019, highlighted 
the plan so beloved of Schwab and the Cult under the heading: 
‘What Is The Internet of Bodies? And How Is It Changing Our 
World?’ The article said the human body is the latest data platform 
(remember ‘our vaccine is an operating system’). Forbes described 
the plan very accurately and the words could have come straight out 
of my books from long before: 


The Internet of Bodies (loB) is an extension of the loT and basically connects the human body 
to a network through devices that are ingested, implanted, or connected to the body in some 
way. Once connected, data can be exchanged, and the body and device can be remotely 
monitored and controlled. 


They were really describing a human hive mind with human 
perception centrally-dictated via an AI connection as well as 
allowing people to be ‘remotely monitored and controlled’. 
Everything from a fridge to a human mind could be directed from a 
central point by these insane psychopaths and ‘Covid vaccines’ are 
crucial to this. Forbes explained the process I mentioned earlier of 
holdable and wearable technology followed by implantable. The 
article said there were three generations of the Internet of Bodies that 
include: 


¢ Body external: These are wearable devices such as Apple Watches 
or Fitbits that can monitor our health. 


¢ Body internal: These include pacemakers, cochlear implants, and 
digital pills that go inside our bodies to monitor or control various 
aspects of health. 


¢ Body embedded: The third generation of the Internet of Bodies is 
embedded technology where technology and the human body are 
melded together and have a real-time connection to a remote 
machine. 


Forbes noted the development of the Brain Computer Interface (BCI) 
which merges the brain with an external device for monitoring and 
controlling in real-time. ‘The ultimate goal is to help restore function 
to individuals with disabilities by using brain signals rather than 
conventional neuromuscular pathways.’ Oh, do fuck off. The goal of 
brain interface technology is controlling human thought and 
emotion from the central point in a hive mind serving its masters 
wishes. Many people are now agreeing to be chipped to open doors 
without a key. You can recognise them because they’ll be wearing a 
mask, social distancing and lining up for the ‘vaccine’. The Cult 
plans a Great Reset money system after they have completed the 
demolition of the global economy in which ‘money’ will be 
exchanged through communication with body operating systems. 
Rand Corporation, a Cult-owned think tank, said of the Internet of 
Bodies or IoB: 


Internet of Bodies technologies fall under the broader loT umbrella. But as the name suggests, 
loB devices introduce an even more intimate interplay between humans and gadgets. loB 
devices monitor the human body, collect health metrics and other personal information, and 
transmit those data over the Internet. Many devices, such as fitness trackers, are already in use 
... loB devices ... and those in development can track, record, and store users’ whereabouts, 
bodily functions, and what they see, hear, and even think. 


Schwab’s World Economic Forum, a long-winded way of saying 
‘fascism’ or ‘the Cult’, has gone full-on with the Internet of Bodies in 
the ‘Covid’ era. ‘We’re entering the era of the Internet of Bodies’, it 
declared, ‘collecting our physical data via a range of devices that can 
be implanted, swallowed or worn’. The result would be a huge 
amount of health-related data that could improve human wellbeing 
around the world, and prove crucial in fighting the “‘Covid-19 
pandemic’. Does anyone think these clowns care about ‘human 
wellbeing’ after the death and devastation their pandemic hoax has 
purposely caused? Schwab and co say we should move forward with 
the Internet of Bodies because ‘Keeping track of symptoms could 
help us stop the spread of infection, and quickly detect new cases’. 
How wonderful, but keeping track’ is all they are really bothered 


about. Researchers were investigating if data gathered from 
smartwatches and similar devices could be used as viral infection 
alerts by tracking the user’s heart rate and breathing. Schwab said in 
his 2018 book Shaping the Future of the Fourth Industrial Revolution: 


The lines between technologies and beings are becoming blurred and not just by the ability to 
create lifelike robots or synthetics. Instead it is about the ability of new technologies to literally 
become part of us. Technologies already influence how we understand ourselves, how we 
think about each other, and how we determine our realities. As the technologies ... give us 
deeper access to parts of ourselves, we may begin to integrate digital technologies into our 
bodies. 


You can see what the game is. Twenty-four hour control and people 
— if you could still call them that — would never know when 
something would go ping and take them out of circulation. It’s the 
most obvious rush to a global fascist dictatorship and the complete 
submission of humanity and yet still so many are locked away in 
their Cult-induced perceptual coma and can’t see it. 


Smart Grid control centres 

The human body is being transformed by the ‘vaccines’ and in other 
ways into a synthetic cyborg that can be attached to the global Smart 
Grid which would be controlled from a central point and other sub- 
locations of Grid manipulation. Where are these planned to be? Well, 
China for a start which is one of the Cult’s biggest centres of 
operation. The technological control system and technocratic rule 
was incubated here to be unleashed across the world after the 
‘Covid’ hoax came out of China in 2020. Another Smart Grid location 
that will surprise people new to this is Israel. I have exposed in The 
Trigger how Sabbatian technocrats, intelligence and military 
operatives were behind the horrors of 9/11 and not 19 Arab hijackers’ 
who somehow manifested the ability to pilot big passenger airliners 
when instructors at puddle-jumping flying schools described some 
of them as a joke. The 9/11 attacks were made possible through 
control of civilian and military air computer systems and those of the 
White House, Pentagon and connected agencies. See The Trigger — it 


will blow your mind. The controlling and coordinating force were 
the Sabbatian networks in Israel and the United States which by then 
had infiltrated the entire US government, military and intelligence 
system. The real name of the American Deep State is ‘Sabbatian 
State’. Israel is a tiny country of only nine million people, but it is 
one of the global centres of cyber operations and fast catching Silicon 
Valley in importance to the Cult. Israel is known as the ‘start-up 
nation’ for all the cyber companies spawned there with the 
Sabbatian specialisation of ‘cyber security’ that I mentioned earlier 
which gives those companies access to computer systems of their 
clients in real time through ‘backdoors’ written into the coding when 
security software is downloaded. The Sabbatian centre of cyber 
operations outside Silicon Valley is the Israeli military Cyber 
Intelligence Unit, the biggest infrastructure project in Israel’s history, 
headquartered in the desert-city of Beersheba and involving some 
20,000 ‘cyber soldiers’. Here are located a literal army of Internet 
trolls scanning social media, forums and comment lists for anyone 
challenging the Cult agenda. The UK military has something similar 
with its 77th Brigade and associated operations. The Beersheba 
complex includes research and development centres for other Cult 
operations such as Intel, Microsoft, IBM, Google, Apple, Hewlett- 
Packard, Cisco Systems, Facebook and Motorola. Techcrunch.com 
ran an article about the Beersheba global Internet technology centre 
headlined ‘Israel’s desert city of Beersheba is turning into a cybertech 
oasis’: 


The military’s massive relocation of its prestigious technology units, the presence of 
multinational and local companies, a close proximity to Ben Gurion University and generous 
government subsidies are turning Beersheba into a major global cybertech hub. Beersheba has 
all of the ingredients of a vibrant security technology ecosystem, including Ben Gurion 
University with its graduate program in cybersecurity and Cyber Security Research Center, and 
the presence of companies such as EMC, Deutsche Telekom, PayPal, Oracle, IBM, and 
Lockheed Martin. It’s also the future home of the INCB (Israeli National Cyber Bureau); offers 
a special income tax incentive for cyber security companies, and was the site for the 
relocation of the army’s intelligence corps units. 


Sabbatians have taken over the cyber world through the following 
process: They scan the schools for likely cyber talent and develop 
them at Ben Gurion University and their period of conscription in 
the Israeli Defense Forces when they are stationed at the Beersheba 
complex. When the cyber talented officially leave the army they are 
funded to start cyber companies with technology developed by 
themselves or given to them by the state. Much of this is stolen 
through backdoors of computer systems around the world with 
America top of the list. Others are sent off to Silicon Valley to start 
companies or join the major ones and so we have many major 
positions filled by apparently ‘Jewish’ but really Sabbatian 
operatives. Google, YouTube and Facebook are all run by ‘Jewish’ 
CEOs while Twitter is all but run by ultra-Zionist hedge-fund shark 
Paul Singer. At the centre of the Sabbatian global cyber web is the 
Israeli army’s Unit 8200 which specialises in hacking into computer 
systems of other countries, inserting viruses, gathering information, 
instigating malfunction, and even taking control of them from a 
distance. A long list of Sabbatians involved with 9/11, Silicon Valley 
and Israeli cyber security companies are operatives of Unit 8200. 
This is not about Israel. It’s about the Cult. Israel is planned to be a 
Smart Grid hub as with China and what is happening at Beersheba is 
not for the benefit of Jewish people who are treated disgustingly by 
the Sabbatian elite that control the country. A glance at the 
Nuremberg Codes will tell you that. 

The story is much bigger than ‘Covid’, important as that is to 
where we are being taken. Now, though, it’s time to really strap in. 
There’s more ... much more ... 


CHAPTER ELEVEN 


Awake, arise or be forever fall’n 
John Milton, Paradise Lost 


[rave exposed this far the level of the Cult conspiracy that operates 

in the world of the seen and within the global secret society and 
satanic network which operates in the shadows one step back from 
the seen. The story, however, goes much deeper than that. 

The ‘Covid’ hoax is major part of the Cult agenda, but only part, 
and to grasp the biggest picture we have to expand our attention 
beyond the realm of human sight and into the infinity of possibility 
that we cannot see. It is from here, ultimately, that humanity is being 
manipulated into a state of total control by the force which dictates 
the actions of the Cult. How much of reality can we see? Next to 
damn all is the answer. We may appear to see all there is to see in the 
‘space’ our eyes survey and observe, but little could be further from 
the truth. The human ‘world’ is only a tiny band of frequency that 
the body’s visual and perceptual systems can decode into perception 
of a ‘world’. According to mainstream science the electromagnetic 
spectrum is 0.005 percent of what exists in the Universe (Fig 10). The 
maximum estimate I have seen is 0.5 percent and either way it’s 
miniscule. I say it is far, far, smaller even than 0.005 percent when 
you compare reality we see with the totality of reality that we don't. 
Now get this if you are new to such information: Visible light, the 
only band of frequency that we can see, is a fraction of the 0.005 


percent (Fig 11 overleaf). Take this further and realise that our 
universe is one of infinite universes and that universes are only a 
fragment of overall reality — infinite reality. Then compare that with 
the almost infinitesimal frequency band of visible light or human 
sight. You see that humans are as near blind as it is possible to be 
without actually being so. Artist and filmmaker, Sergio Toporek, 
said: 
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Figure 10: Humans can perceive such a tiny band of visual reality it’s laughable. 
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Figure 11: We can see a smear of the 0.005 percent electromagnetic spectrum, but we still 
know it all. Yep, makes sense. 


Consider that you can see less than 1% of the electromagnetic spectrum and hear less than 
1% of the acoustic spectrum. 90% of the cells in your body carry their own microbial DNA 
and are not ‘you’. The atoms in your body are 99.9999999999999999% empty space and 
none of them are the ones you were born with ... Human beings have 46 chromosomes, two 
less than a potato. 


The existence of the rainbow depends on the conical photoreceptors in your eyes; to animals 
without cones, the rainbow does not exist. So you don’t just look at a rainbow, you create it. 
This is pretty amazing, especially considering that all the beautiful colours you see represent 
less than 1% of the electromagnetic spectrum. 


Suddenly the ‘world’ of humans looks a very different place. Take 
into account, too, that Planet Earth when compared with the 
projected size of this single universe is the equivalent of a billionth of 
a pinhead. Imagine the ratio that would be when compared to 
infinite reality. To think that Christianity once insisted that Earth and 
humanity were the centre of everything. This background is vital if 
we are going to appreciate the nature of ‘human’ and how we can be 
manipulated by an unseen force. To human visual reality virtually 
everything is unseen and yet the prevailing perception within the 
institutions and so much of the public is that if we can’t see it, touch 
it, hear it, taste it and smell it then it cannot exist. Such perception is 
indoctrinated and encouraged by the Cult and its agents because it 
isolates believers in the strictly limited, village-idiot, realm of the five 
senses where perceptions can be firewalled and information 
controlled. Most of those perpetuating the ‘this-world-is-all-there-is’ 
insanity are themselves indoctrinated into believing the same 
delusion. While major players and influencers know that official 
reality is laughable most of those in science, academia and medicine 
really believe the nonsense they peddle and teach succeeding 
generations. Those who challenge the orthodoxy are dismissed as 
nutters and freaks to protect the manufactured illusion from 
exposure. Observe the dynamic of the ‘Covid’ hoax and you will see 
how that takes the same form. The inner-circle psychopaths knows 
it’s a gigantic scam, but almost the entirety of those imposing their 
fascist rules believe that ‘Covid’ is all that they’re told it is. 


Stolen identity 

Ask people who they are and they will give you their name, place of 
birth, location, job, family background and life story. Yet that is not 
who they are — it is what they are experiencing. The difference is 
absolutely crucial. The true ‘I’, the eternal, infinite ‘Tl’, is consciousness, 


a state of being aware. Forget ‘form’. That is a vehicle for a brief 
experience. Consciousness does not come from the brain, but through 
the brain and even that is more symbolic than literal. We are 
awareness, pure awareness, and this is what withdraws from the 
body at what we call ‘death’ to continue our eternal beingness, 
isness, in other realms of reality within the limitlessness of infinity or 
the Biblical ‘many mansions in my father’s house’. Labels of a 
human life, man, woman, transgender, black, white, brown, 
nationality, circumstances and income are not who we are. They are 
what we are — awareness — is experiencing in a brief connection with a 
band of frequency we call ‘human’. The labels are not the self; they 
are, to use the title of one of my books, a Phantom Self. Iam not 
David Icke born in Leicester, England, on April 29th, 1952. Iam the 
consciousness having that experience. The Cult and its non-human 
masters seek to convince us through the institutions of ‘education’, 
science, medicine, media and government that what we are 
experiencing is who we are. It’s so easy to control and direct 
perception locked away in the bewildered illusions of the five senses 
with no expanded radar. Try, by contrast, doing the same with a 
humanity aware of its true self and its true power to consciously 
create its reality and experience. How is it possible to do this? We do 
it all day every day. If you perceive yourself as ‘little me’ with no 
power to impact upon your life and the world then your life 
experience will reflect that. You will hand the power you don’t think 
you have to authority in all its forms which will use it to control your 
experience. This, in turn, will appear to confirm your perception of 
‘little me’ in a self-fulfilling feedback loop. But that is what ‘little me’ 
really is — a perception. We are all ‘big-me’, infinite me, and the Cult 
has to make us forget that if its will is to prevail. We are therefore 
manipulated and pressured into self-identifying with human labels 
and not the consciousness/awareness experiencing those human 
labels. 

The phenomenon of identity politics is a Cult-instigated 
manipulation technique to sub-divide previous labels into even 
smaller ones. A United States university employs this list of letters to 


describe student identity: LGBTTQQFAGPBDSM or lesbian, gay, 
bisexual, transgender, transsexual, queer, questioning, flexual, 
asexual, gender-fuck, polyamorous, bondage/discipline, 
dominance/submission and sadism/masochism. I’m sure other lists 
are even longer by now as people feel the need to self-identity the ‘T’ 
with the minutiae of race and sexual preference. Wokers 
programmed by the Cult for generations believe this is about 
‘inclusivity’ when it’s really the Cult locking them away into smaller 
and smaller versions of Phantom Self while firewalling them from 
the influence of their true self, the infinite, eternal ‘I’. You may notice 
that my philosophy which contends that we are all unique points of 
attention/awareness within the same infinite whole or Oneness is the 
ultimate non-racism. The very sense of Oneness makes the 
judgement of people by their body-type, colour or sexuality utterly 
ridiculous and confirms that racism has no understanding of reality 
(including anti-white racism). Yet despite my perception of life Cult 
agents and fast-asleep Wokers label me racist to discredit my 
information while they are themselves phenomenally racist and 
sexist. All they see is race and sexuality and they judge people as 
good or bad, demons or untouchables, by their race and sexuality. 
All they see is Phantom Self and perceive themselves in terms of 
Phantom Self. They are pawns and puppets of the Cult agenda to 
focus attention and self-identity in the five senses and play those 
identities against each other to divide and rule. Columbia University 
has introduced segregated graduations in another version of social 
distancing designed to drive people apart and teach them that 
different racial and cultural groups have nothing in common with 
each other. The last thing the Cult wants is unity. Again the pump- 
primers of this will be Cult operatives in the knowledge of what they 
are doing, but the rest are just the Phantom Self blind leading the 
Phantom Self blind. We do have something in common - we are all 
the same consciousness having different temporary experiences. 


Yes, what is ‘human’? That is what we are supposed to be, right? I 
mean ‘human’? True, but ‘human’ is the experience not the ‘I’. Break 
it down to basics and ‘human’ is the way that information is 
processed. If we are to experience and interact with this band of 
frequency we call the ‘world’ we must have a vehicle that operates 
within that band of frequency. Our consciousness in its prime form 
cannot do that; it is way beyond the frequency of the human realm. 
My consciousness or awareness could not tap these keys and pick up 
the cup in front of me in the same way that radio station A cannot 
interact with radio station B when they are on different frequencies. 
The human body is the means through which we have that 
interaction. I have long described the body as a biological computer 
which processes information in a way that allows consciousness to 
experience this reality. The body is a receiver, transmitter and 
processor of information in a particular way that we call human. We 
visually perceive only the world of the five senses in a wakened state 
— that is the limit of the body’s visual decoding system. In truth it’s 
not even visual in the way we experience ‘visual reality’ as I will 
come to in a moment. We are ‘human’ because the body processes 
the information sources of human into a reality and behaviour 
system that we perceive as human. Why does an elephant act like an 
elephant and not like a human or a duck? The elephant'’s biological 
computer is a different information field and processes information 
according to that program into a visual and behaviour type we call 
an elephant. The same applies to everything in our reality. These 
body information fields are perpetuated through procreation (like 
making a copy of a software program). The Cult wants to break that 
cycle and intervene technologically to transform the human 
information field into one that will change what we call humanity. If 
it can change the human information field it will change the way 
that field processes information and change humanity both 
‘physically’ and psychologically. Hence the messenger (information) 
RNA ‘vaccines’ and so much more that is targeting human genetics 
by changing the body’s information — messaging — construct through 
food, drink, radiation, toxicity and other means. 


Reality that we experience is nothing like reality as it really is in 
the same way that the reality people experience in virtual reality 
games is not the reality they are really living in. The game is only a 
decoded source of information that appears to be a reality. Our 
world is also an information construct — a simulation (more later). In 
its base form our reality is a wavefield of information much the same 
in theme as Wi-Fi. The five senses decode wavefield information into 
electrical information which they communicate to the brain to 
decode into holographic (illusory ‘physical’) information. Different 
parts of the brain specialise in decoding different senses and the 
information is fused into a reality that appears to be outside of us 
but is really inside the brain and the genetic structure in general (Fig 
12 overleaf). DNA is a receiver-transmitter of information and a vital 
part of this decoding process and the body’s connection to other 
realities. Change DNA and you change the way we decode and 
connect with reality — see ‘Covid vaccines’. Think of computers 
decoding Wi-Fi. You have information encoded in a radiation field 
and the computer decodes that information into a very different 
form on the screen. You can’t see the Wi-Fi until its information is 
made manifest on the screen and the information on the screen is 
inside the computer and not outside. I have just described how we 
decode the ‘human world’. All five senses decode the waveform ‘Wi- 
Fi’ field into electrical signals and the brain (computer) constructs 
reality inside the brain and not outside — “You don’t just look at a 
rainbow, you create it’. Sound is a simple example. We don’t hear 
sound until the brain decodes it. Waveform sound waves are picked 
up by the hearing sense and communicated to the brain in an 
electrical form to be decoded into the sounds that we hear. 
Everything we hear is inside the brain along with everything we see, 
feel, smell and taste. Words and language are waveform fields 
generated by our vocal chords which pass through this process until 
they are decoded by the brain into words that we hear. Different 
languages are different frequency fields or sound waves generated 
by vocal chords. Late British philosopher Alan Watts said: 


Figure 12: The brain receives information from the five senses and constructs from that our 
perceived reality. 


[Without the brain] the world is devoid of light, heat, weight, solidity, motion, space, time or 
any other imaginable feature. All these phenomena are interactions, or transactions, of 
vibrations with a certain arrangement of neurons. 


That’s exactly what they are and scientist Robert Lanza describes in 
his book, Biocentrism, how we decode electromagnetic waves and 
energy into visual and ‘physical’ experience. He uses the example of 
a flame emitting photons, electromagnetic energy, each pulsing 
electrically and magnetically: 


... these ... invisible electromagnetic waves strike a human retina, and if (and only if) the 
waves happen to measure between 400 and 700 nano meters in length from crest to crest, 
then their energy is just right to deliver a stimulus to the 8 million cone-shaped cells in the 
retina. 


Each in turn send an electrical pulse to a neighbour neuron, and on up the line this goes, at 
250 mph, until it reaches the ... occipital lobe of the brain, in the back of the head. There, a 
cascading complex of neurons fire from the incoming stimuli, and we subjectively perceive 
this experience as a yellow brightness occurring in a place we have been conditioned to call 
the ‘external world’. 


You hear what you decode 


If a tree falls or a building collapses they make no noise unless 
someone is there to decode the energetic waves generated by the 
disturbance into what we call sound. Does a falling tree make a 
noise? Only if you hear it — decode it. Everything in our reality is a 
frequency field of information operating within the overall ‘Wi-Fi’ 
field that I call The Field. A vibrational disturbance is generated in 
The Field by the fields of the falling tree or building. These 
disturbance waves are what we decode into the sound of them 
falling. If no one is there to do that then neither will make any noise. 
Reality is created by the observer — decoder — and the perceptions of 
the observer affect the decoding process. For this reason different 
people — different perceptions — will perceive the same reality or 
situation in a different way. What one may perceive as a nightmare 
another will see as an opportunity. The question of why the Cult is 
so focused on controlling human perception now answers itself. All 
experienced reality is the act of decoding and we don’t experience 
Wi-Fi until it is decoded on the computer screen. The sight and 
sound of an Internet video is encoded in the Wi-Fi all around us, but 
we don’t see or hear it until the computer decodes that information. 
Taste, smell and touch are all phenomena of the brain as a result of 
the same process. We don’t taste, smell or feel anything except in the 
brain and there are pain relief techniques that seek to block the 
signal from the site of discomfort to the brain because if the brain 
doesn’t decode that signal we don’t feel pain. Pain is in the brain and 
only appears to be at the point of impact thanks to the feedback loop 
between them. We don’t see anything until electrical information 
from the sight senses is decoded in an area at the back of the brain. If 
that area is damaged we can go blind when our eyes are perfectly 
okay. So why do we go blind if we damage an eye? We damage the 
information processing between the waveform visual information 
and the visual decoding area of the brain. If information doesn’t 
reach the brain in a form it can decode then we can’t see the visual 
reality that it represents. What’s more the brain is decoding only a 
fraction of the information it receives and the rest is absorbed by the 


sub-conscious mind. This explanation is from the science magazine, 
Wonderpedia: 


Every second, 11 million sensations crackle along these [brain] pathways ... The brain is 
confronted with an alarming array of images, sounds and smells which it rigorously filters 
down until it is left with a manageable list of around 40. Thus 40 sensations per second make 
up what we perceive as reality. 


The ‘world’ is not what people are told to believe that is it and the 
inner circles of the Cult know that. 


illusory ‘physical reality 

We can only see a smear of 0.005 percent of the Universe which is 
only one of a vast array of universes — ‘mansions’ — within infinite 
reality. Even then the brain decodes only 40 pieces of information 
(‘sensations’) from a potential 11 million that we receive every 
second. Two points strike you from this immediately: The sheer 
breathtaking stupidity of believing we know anything so rigidly that 
there’s nothing more to know; and the potential for these processes 
to be manipulated by a malevolent force to control the reality of the 
population. One thing I can say for sure with no risk of contradiction 
is that when you can perceive an almost indescribable fraction of 
infinite reality there is always more to know as in tidal waves of it. 
Ancient Greek philosopher Socrates was so right when he said that 
wisdom is to know how little we know. How obviously true that is 
when you think that we are experiencing a physical world of solidity 
that is neither physical nor solid and a world of apartness when 
everything is connected. Cult-controlled ‘science’ dismisses the so- 
called ‘paranormal’ and all phenomena related to that when the 
‘para’-normal is perfectly normal and explains the alleged ‘great 
mysteries’ which dumbfound scientific minds. There is a reason for 
this. A ‘scientific mind’ in terms of the mainstream is a material 
mind, a five-sense mind imprisoned in see it, touch it, hear it, smell it 
and taste it. Phenomena and happenings that can’t be explained that 
way leave the ‘scientific mind’ bewildered and the rule is that if they 


can’t account for why something is happening then it can’t, by 
definition, be happening. I beg to differ. Telepathy is thought waves 
passing through The Field (think wave disturbance again) to be 
decoded by someone able to connect with that wavelength 
(information). For example: You can pick up the thought waves of a 
friend at any distance and at the very least that will bring them to 
mind. A few minutes later the friend calls you. ‘My god’, you say, 
‘that’s incredible — I was just thinking of you.’ Ah, but they were 
thinking of you before they made the call and that’s what you 
decoded. Native peoples not entrapped in five-sense reality do this 
so well it became known as the ‘bush telegraph’. Those known as 
psychics and mediums (genuine ones) are doing the same only 
across dimensions of reality. ‘Mind over matter’ comes from the fact 
that matter and mind are the same. The state of one influences the 
state of the other. Indeed one and the other are illusions. They are 
aspects of the same field. Paranormal phenomena are all explainable 
so why are they still considered ‘mysteries’ or not happening? Once 
you go down this road of understanding you begin to expand 
awareness beyond the five senses and that’s the nightmare for the 
Cult. 


Figure 13: Holograms are not solid, but the best ones appear to be. 


Mirror Beam sSptitter 


Figure 14: How holograms are created by capturing a waveform version of the subject image. 


Holographic ‘solidity 

Our reality is not solid, it is holographic. We are now well aware of 
holograms which are widely used today. Two-dimensional 
information is decoded into a three-dimensional reality that is not 
solid although can very much appear to be (Fig 13). Holograms are 
created with a laser divided into two parts. One goes directly onto a 
holographic photographic print (‘reference beam’) and the other 
takes a waveform image of the subject (‘working beam’) before being 
directed onto the print where it ‘collides’ with the other half of the 
laser (Fig 14). This creates a waveform interference pattern which 
contains the wavefield information of whatever is being 
photographed (Fig 15 overleaf). The process can be likened to 
dropping pebbles in a pond. Waves generated by each one spread 
out across the water to collide with the others and create a wave 
representation of where the stones fell and at what speed, weight 
and distance. A waveform interference pattern of a hologram is akin 
to the waveform information in The Field which the five senses 
decode into electrical signals to be decoded by the brain into a 
holographic illusory ‘physical’ reality. In the same way when a laser 
(think human attention) is directed at the waveform interference 
pattern a three-dimensional version of the subject is projected into 
apparently ‘solid’ reality (Fig 16). An amazing trait of holograms 
reveals more ‘paranormal mysteries’. Information of the whole 


hologram is encoded in waveform in every part of the interference 
pattern by the way they are created. This means that every part of a 
hologram is a smaller version of the whole. Cut the interference 
wave-pattern into four and you won't get four parts of the image. 
You get quarter-sized versions of the whole image. The body is a 
hologram and the same applies. Here we have the basis of 
acupuncture, reflexology and other forms of healing which identify 
representations of the whole body in all of the parts, hands, feet, 
ears, everywhere. Skilled palm readers can do what they do because 
the information of whole body is encoded in the hand. The concept 
of as above, so below, comes from this. 


Figure 15: A waveform interference pattern that holds the information that transforms into a 
hologram. 


Figure 16: Holographic people including ‘Elvis’ holographically inserted to sing a duet with 
Celine Dion. 


The question will be asked of why, if solidity is illusory, we can’t 
just walk through walls and each other. The resistance is not solid 
against solid; it is electromagnetic field against electromagnetic field 
and we decode this into the experience of solid against solid. We 
should also not underestimate the power of belief to dictate reality. 
What you believe is impossible will be. Your belief impacts on your 
decoding processes and they won’t decode what you think is 
impossible. What we believe we perceive and what we perceive we 
experience. ‘Can't dos’ and ‘impossibles’ are like a firewall in a 
computer system that won't put on the screen what the firewall 
blocks. How vital that is to understanding how human experience 
has been hijacked. I explain in The Answer, Everything You Need To 
Know But Have Never Been Told and other books a long list of 
‘mysteries’ and ‘paranormal’ phenomena that are not mysterious 
and perfectly normal once you realise what reality is and how it 
works. ‘Ghosts’ can be seen to pass through ‘solid’ walls because the 
walls are not solid and the ghost is a discarnate entity operating on a 
frequency so different to that of the wall that it’s like two radio 
stations sharing the same space while never interfering with each 
other. I have seen ghosts do this myself. The apartness of people and 
objects is also an illusion. Everything is connected by the Field like 
all sea life is connected by the sea. It’s just that within the limits of 
our visual reality we only ‘see’ holographic information and not the 
field of information that connects everything and from which the 
holographic world is made manifest. If you can only see holographic 
‘objects’ and not the field that connects them they will appear to you 
as unconnected to each other in the same way that we see the 
computer while not seeing the Wi-Fi. 


What you don't know ¢an hurt you 

Okay, we return to those ‘two worlds’ of human society and the Cult 
with its global network of interconnecting secret societies and 
satanic groups which manipulate through governments, 
corporations, media, religions, etc. The fundamental difference 
between them is knowledge. The idea has been to keep humanity 


ignorant of the plan for its total enslavement underpinned by a 
crucial ignorance of reality - who we are and where we are — and 
how we interact with it. ‘Human’ should be the interaction between 
our expanded eternal consciousness and the five-sense body 
experience. We are meant to be in this world in terms of the five 
senses but not of this world in relation to our greater consciousness 
and perspective. In that state we experience the small picture of the 
five senses within the wider context of the big picture of awareness 
beyond the five senses. Put another way the five senses see the dots 
and expanded awareness connects them into pictures and patterns 
that give context to the apparently random and unconnected. 
Without the context of expanded awareness the five senses see only 
apartness and randomness with apparently no meaning. The Cult 
and its other-dimensional controllers seek to intervene in the 
frequency realm where five-sense reality is supposed to connect with 
expanded reality and to keep the two apart (more on this in the final 
chapter). When that happens five-sense mental and emotional 
processes are no longer influenced by expanded awareness, or the 
True ‘I’, and instead are driven by the isolated perceptions of the 
body’s decoding systems. They are in the world and of it. Here we 
have the human plight and why humanity with its potential for 
infinite awareness can be so easily manipulatable and descend into 
such extremes of stupidity. 


Once the Cult isolates five-sense mind from expanded awareness 
it can then program the mind with perceptions and beliefs by 
controlling information that the mind receives through the 
‘education’ system of the formative years and the media perceptual 
bombardment and censorship of an entire lifetime. Limit perception 
and a sense of the possible through limiting knowledge by limiting 
and skewing information while censoring and discrediting that 
which could set people free. As the title of another of my books says 
... And The Truth Shall Set You Free. For this reason the last thing the 
Cult wants in circulation is the truth about anything — especially the 
reality of the eternal ‘I’ — and that’s why it is desperate to control 
information. The Cult knows that information becomes perception 


which becomes behaviour which, collectively, becomes human 
society. Cult-controlled and funded mainstream ‘science’ denies the 
existence of an eternal ‘I’ and seeks to dismiss and trash all evidence 
to the contrary. Cult-controlled mainstream religion has a version of 
‘God’ that is little more than a system of control and dictatorship 
that employs threats of damnation in an afterlife to control 
perceptions and behaviour in the here and now through fear and 
guilt. Neither is true and it’s the ‘neither’ that the Cult wishes to 
suppress. This ‘neither’ is that everything is an expression, a point of 
attention, within an infinite state of consciousness which is the real 
meaning of the term ‘God’. 


Perceptual obsession with the “physical body’ and five-senses 
means that ‘God’ becomes personified as a bearded bloke sitting 
among the clouds or a raging bully who loves us if we do what ‘he’ 
wants and condemns us to the fires of hell if we don’t. These are no 
more than a ‘spiritual’ fairy tales to control and dictate events and 
behaviour through fear of this ‘God’ which has bizarrely made ‘God- 
fearing’ in religious circles a state to be desired. I would suggest that 
fearing anything is not to be encouraged and celebrated, but rather 
deleted. You can see why ‘God fearing’ is so beneficial to the Cult 
and its religions when they decide what ‘God’ wants and what ‘God’ 
demands (the Cult demands) that everyone do. As the great 
American comedian Bill Hicks said satirising a Christian zealot: ‘T 
think what God meant to say.’ How much of this infinite awareness 
(‘God’) that we access is decided by how far we choose to expand 
our perceptions, self-identity and sense of the possible. The scale of 
self-identity reflects itself in the scale of awareness that we can 
connect with and are influenced by — how much knowing and 
insight we have instead of programmed perception. You cannot 
expand your awareness into the infinity of possibility when you 
believe that you are little me Peter the postman or Mary in marketing 
and nothing more. I'll deal with this in the concluding chapter 
because it’s crucial to how we turnaround current events. 


When I realised in the early 1990s there was a Cult network behind 
global events I asked the obvious question: When did it start? I took 
it back to ancient Rome and Egypt and on to Babylon and Sumer in 
Mesopotamia, the ‘Land Between Two Rivers’, in what we now call 
Iraq. The two rivers are the Tigris and Euphrates and this region is of 
immense historical and other importance to the Cult, as is the land 
called Israel only 550 miles away by air. There is much more going 
with deep esoteric meaning across this whole region. It’s not only 
about ‘wars for oil’. Priceless artefacts from Mesopotamia were 
stolen or destroyed after the American and British invasion of Iraq in 
2003 justified by the lies of Boy Bush and Tony Blair (their Cult 
masters) about non-existent “weapons of mass destruction’. 
Mesopotamia was the location of Sumer (about 5,400BC to 1,750BC), 
and Babylon (about 2,350BC to 539BC). Sabbatians may have become 
immensely influential in the Cult in modern times but they are part 
of a network that goes back into the mists of history. Sumer is said by 
historians to be the ‘cradle of civilisation’. I disagree. I say it was the 
re-start of what we call human civilisation after cataclysmic events 
symbolised in part as the ‘Great Flood’ destroyed the world that 
existed before. These fantastic upheavals that I have been describing 
in detail in the books since the early1990s appear in accounts and 
legends of ancient cultures across the world and they are supported 
by geological and biological evidence. Stone tablets found in Iraq 
detailing the Sumer period say the cataclysms were caused by non- 
human ‘gods’ they call the Anunnaki. These are described in terms 
of extraterrestrial visitations in which knowledge supplied by the 
Anunnaki is said to have been the source of at least one of the 
world’s oldest writing systems and developments in astronomy, 
mathematics and architecture that were way ahead of their time. I 
have covered this subject at length in The Biggest Secret and Children 
of the Matrix and the same basic ‘Anunnaki’ story can be found in 
Zulu accounts in South Africa where the late and very great Zulu 
high shaman Credo Mutwa told me that the Sumerian Anunnaki 
were known by Zulus as the Chitauri or ‘children of the serpent’. See 
my six-hour video interview with Credo on this subject entitled The 


Reptilian Agenda recorded at his then home near Johannesburg in 
1999 which you can watch on the Ickonic media platform. 


The Cult emerged out of Sumer, Babylon and Egypt (and 
elsewhere) and established the Roman Empire before expanding 
with the Romans into northern Europe from where many empires 
were savagely imposed in the form of Cult-controlled societies all 
over the world. Mass death and destruction was their calling card. 
The Cult established its centre of operations in Europe and European 
Empires were Cult empires which allowed it to expand into a global 
force. Spanish and Portuguese colonialists headed for Central and 
South America while the British and French targeted North America. 
Africa was colonised by Britain, France, Belgium, the Netherlands, 
Portugal, Spain, Italy, and Germany. Some like Britain and France 
moved in on the Middle East. The British Empire was by far the 
biggest for a simple reason. By now Britain was the headquarters of 
the Cult from which it expanded to form Canada, the United States, 
Australia and New Zealand. The Sun never set on the British Empire 
such was the scale of its occupation. London remains a global centre 
for the Cult along with Rome and the Vatican although others have 
emerged in Israel and China. It is no accident that the ‘virus’ is 
alleged to have come out of China while Italy was chosen as the 
means to terrify the Western population into compliance with 
‘Covid’ fascism. Nor that Israel has led the world in ‘Covid’ fascism 
and mass ‘vaccination’. 

You would think that I would mention the United States here, but 
while it has been an important means of imposing the Cult’s will it is 
less significant than would appear and is currently in the process of 
having what power it does have deleted. The Cult in Europe has 
mostly loaded the guns for the US to fire. America has been 
controlled from Europe from the start through Cult operatives in 
Britain and Europe. The American Revolution was an illusion to 
make it appear that America was governing itself while very 
different forces were pulling the strings in the form of Cult families 
such as the Rothschilds through the Rockefellers and other 
subordinates. The Rockefellers are extremely close to Bill Gates and 


established both scalpel and drug ‘medicine’ and the World Health 
Organization. They play a major role in the development and 
circulation of vaccines through the Rockefeller Foundation on which 
Bill Gates said his Foundation is based. Why wouldn't this be the 
case when the Rockefellers and Gates are on the same team? Cult 
infiltration of human society goes way back into what we call history 
and has been constantly expanding and centralising power with the 
goal of establishing a global structure to dictate everything. Look 
how this has been advanced in great leaps with the ‘Covid’ hoax. 


The non-human dimension 

I researched and observed the comings and goings of Cult operatives 
through the centuries and even thousands of years as they were 
born, worked to promote the agenda within the secret society and 
satanic networks, and then died for others to replace them. Clearly 
there had to be a coordinating force that spanned this entire period 
while operatives who would not have seen the end goal in their 
lifetimes came and went advancing the plan over millennia. I went 
in search of that coordinating force with the usual support from the 
extraordinary synchronicity of my life which has been an almost 
daily experience since 1990. I saw common themes in religious texts 
and ancient cultures about a non-human force manipulating human 
society from the hidden. Christianity calls this force Satan, the Devil 
and demons; Islam refers to the Jinn or Djinn; Zulus have their 
Chitauri (spelt in other ways in different parts of Africa); and the 
Gnostic people in Egypt in the period around and before 400AD 
referred to this phenomena as the ‘Archons’, a word meaning rulers 
in Greek. Central American cultures speak of the ‘Predators’ among 
other names and the same theme is everywhere. I will use ‘Archons’ 
as a collective name for all of them. When you see how their nature 
and behaviour is described all these different sources are clearly 
talking about the same force. Gnostics described the Archons in 
terms of ‘luminous fire’ while Islam relates the Jinn to ‘smokeless 
fire’. Some refer to beings in form that could occasionally be seen, 
but the most common of common theme is that they operate from 


unseen realms which means almost all existence to the visual 
processes of humans. I had concluded that this was indeed the 
foundation of human control and that the Cult was operating within 
the human frequency band on behalf of this hidden force when I 
came across the writings of Gnostics which supported my 
conclusions in the most extraordinary way. 

A sealed earthen jar was found in 1945 near the town of Nag 
Hammadi about 75-80 miles north of Luxor on the banks of the River 
Nile in Egypt. Inside was a treasure trove of manuscripts and texts 
left by the Gnostic people some 1,600 years earlier. They included 13 
leather-bound papyrus codices (manuscripts) and more than 50 texts 
written in Coptic Egyptian estimated to have been hidden in the jar 
in the period of 400AD although the source of the information goes 
back much further. Gnostics oversaw the Great or Royal Library of 
Alexandria, the fantastic depository of ancient texts detailing 
advanced knowledge and accounts of human history. The Library 
was dismantled and destroyed in stages over a long period with the 
death-blow delivered by the Cult-established Roman Church in the 
period around 415AD. The Church of Rome was the Church of 
Babylon relocated as I said earlier. Gnostics were not a race. They 
were a way of perceiving reality. Whenever they established 
themselves and their information circulated the terrorists of the 
Church of Rome would target them for destruction. This happened 
with the Great Library and with the Gnostic Cathars who were 
burned to death by the psychopaths after a long period of 
oppression at the siege of the Castle of Monségur in southern France 
in 1244. The Church has always been terrified of Gnostic information 
which demolishes the official Christian narrative although there is 
much in the Bible that supports the Gnostic view if you read it in 
another way. To anyone studying the texts of what became known as 
the Nag Hammadi Library it is clear that great swathes of Christian 
and Biblical belief has its origin with Gnostics sources going back to 
Sumer. Gnostic themes have been twisted to manipulate the 
perceived reality of Bible believers. Biblical texts have been in the 
open for centuries where they could be changed while Gnostic 


documents found at Nag Hammadi were sealed away and 
untouched for 1,600 years. What you see is what they wrote. 


Use your pneuma not your nous 

Gnosticism and Gnostic come from ‘gnosis’ which means 
knowledge, or rather secret knowledge, in the sense of spiritual 
awareness — knowledge about reality and life itself. The desperation 
of the Cult’s Church of Rome to destroy the Gnostics can be 
understood when the knowledge they were circulating was the last 
thing the Cult wanted the population to know. Sixteen hundred 
years later the same Cult is working hard to undermine and silence 
me for the same reason. The dynamic between knowledge and 
ignorance is a constant. ‘Time’ appears to move on, but essential 
themes remain the same. We are told to ‘use your nous’, a Gnostic 
word for head/brain/intelligence. They said, however, that spiritual 
awakening or ‘salvation’ could only be secured by expanding 
awareness beyond what they called nous and into pneuma or Infinite 
Self. Obviously as I read these texts the parallels with what I have 
been saying since 1990 were fascinating to me. There is a universal 
truth that spans human history and in that case why wouldn't we be 
talking the same language 16 centuries apart? When you free 
yourself from the perception program of the five senses and explore 
expanded realms of consciousness you are going to connect with the 
same information no matter what the perceived ‘era’ within a 
manufactured timeline of a single and tiny range of manipulated 
frequency. Humans working with ‘smart’ technology or knocking 
rocks together in caves is only a timeline appearing to operate within 
the human frequency band. Expanded awareness and the 
knowledge it holds have always been there whether the era be Stone 
Age or computer age. We can only access that knowledge by 
opening ourselves to its frequency which the five-sense prison cell is 
designed to stop us doing. Gates, Fauci, Whitty, Vallance, 
Zuckerberg, Brin, Page, Wojcicki, Bezos, and all the others behind 
the ‘Covid’ hoax clearly have a long wait before their range of 
frequency can make that connection given that an open heart is 


crucial to that as we shall see. Instead of accessing knowledge 
directly through expanded awareness it is given to Cult operatives 
by the secret society networks of the Cult where it has been passed 
on over thousands of years outside the public arena. Expanded 
realms of consciousness is where great artists, composers and 
writers find their inspiration and where truth awaits anyone open 
enough to connect with it. We need to go there fast. 


Archon hijack 

A fifth of the Nag Hammadi texts describe the existence and 
manipulation of the Archons led by a ‘Chief Archon’ they call 
‘Yaldabaoth’, or the ‘Demiurge’, and this is the Christian ‘Devil’, 
‘Satan’, ‘Lucifer’, and his demons. Archons in Biblical symbolism are 
the ‘fallen ones’ which are also referred to as fallen angels after the 
angels expelled from heaven according to the Abrahamic religions of 
Judaism, Christianity and Islam. These angels are claimed to tempt 
humans to ‘sin’ ongoing and you will see how accurate that 
symbolism is during the rest of the book. The theme of ‘original sin’ 
is related to the ‘Fall’ when Adam and Eve were ‘tempted by the 
serpent’ and fell from a state of innocence and ‘obedience’ 
(connection) with God into a state of disobedience (disconnection). 
The Fall is said to have brought sin into the world and corrupted 
everything including human nature. Yaldabaoth, the ‘Lord Archon’, 
is described by Gnostics as a ‘counterfeit spirit’, ‘The Blind One’, 
‘The Blind God’, and ‘The Foolish One’. The Jewish name for 
Yaldabaoth in Talmudic writings is Samael which translates as 
‘Poison of God’, or ‘Blindness of God’. You see the parallels. 
Yaldabaoth in Islamic belief is the Muslim Jinn devil known as 
Shaytan — Shaytan is Satan as the same themes are found all over the 
world in every religion and culture. The ‘Lord God’ of the Old 
Testament is the ‘Lord Archon’ of Gnostic manuscripts and that’s 
why he’s such a bloodthirsty bastard. Satan is known by Christians 
as ‘the Demon of Demons’ and Gnostics called Yaldabaoth the 
‘Archon of Archons’. Both are known as “The Deceiver’. We are 
talking about the same ‘bloke’ for sure and these common themes 


using different names, storylines and symbolism tell a common tale 
of the human plight. 

Archons are referred to in Nag Hammadi documents as mind 
parasites, inverters, guards, gatekeepers, detainers, judges, pitiless 
ones and deceivers. The ‘Covid’ hoax alone is a glaring example of 
all these things. The Biblical ‘God’ is so different in the Old and New 
Testaments because they are not describing the same phenomenon. 
The vindictive, angry, hate-filled, ‘God’ of the Old Testament, known 
as Yahweh, is Yaldabaoth who is depicted in Cult-dictated popular 
culture as the ‘Dark Lord’, ‘Lord of Time’, Lord (Darth) Vader and 
Dormammu, the evil ruler of the ‘Dark Dimension’ trying to take 
over the ‘Earth Dimension’ in the Marvel comic movie, Dr Strange. 
Yaldabaoth is both the Old Testament ‘god’ and the Biblical ‘Satan’. 
Gnostics referred to Yaldabaoth as the ‘Great Architect of the 
Universe’and the Cult-controlled Freemason network calls their god 
‘the ‘Great Architect of the Universe’ (also Grand Architect). The 
‘Great Architect’ Yaldabaoth is symbolised by the Cult as the all- 
seeing eye at the top of the pyramid on the Great Seal of the United 
States and the dollar bill. Archon is encoded in arch-itect as it is in 
arch-angels and arch-bishops. All religions have the theme of a force 
for good and force for evil in some sort of spiritual war and there is a 
reason for that — the theme is true. The Cult and its non-human 
masters are quite happy for this to circulate. They present 
themselves as the force for good fighting evil when they are really 
the force of evil (absence of love). The whole foundation of Cult 
modus operandi is inversion. They promote themselves as a force for 
good and anyone challenging them in pursuit of peace, love, 
fairness, truth and justice is condemned as a satanic force for evil. 
This has been the game plan throughout history whether the Church 
of Rome inquisitions of non-believers or ‘conspiracy theorists’ and 
‘anti-vaxxers’ of today. The technique is the same whatever the 
timeline era. 


Yaldabaoth is revolting (true) 


Yaldabaoth and the Archons are said to have revolted against God 
with Yaldabaoth claiming to be God — the All That Is. The Old 
Testament ‘God’ (Yaldabaoth) demanded to be worshipped as such: ’ 
Iam the LORD, and there is none else, there is no God beside me’ 
(Isaiah 45:5). I have quoted in other books a man who said he was 
the unofficial son of the late Baron Philippe de Rothschild of the 
Mouton-Rothschild wine producing estates in France who died in 
1988 and he told me about the Rothschild ‘revolt from God’. The 
man said he was given the name Phillip Eugene de Rothschild and 
we shared long correspondence many years ago while he was living 
under another identity. He said that he was conceived through 
‘occult incest’ which (within the Cult) was ‘normal and to be 
admired’. ‘Phillip’ told me about his experience attending satanic 
rituals with rich and famous people whom he names and you can 
see them and the wider background to Cult Satanism in my other 
books starting with The Biggest Secret. Cult rituals are interactions 
with Archontic ‘gods’. ‘Phillip’ described Baron Philippe de 
Rothschild as ‘a master Satanist and hater of God’ and he used the 
same term ‘revolt from God’ associated with 
Yaldabaoth/Satan/Lucifer/the Devil in describing the Sabbatian 
Rothschild dynasty. ‘I played a key role in my family’s revolt from 
God’, he said. That role was to infiltrate in classic Sabbatian style the 
Christian Church, but eventually he escaped the mind-prison to live 
another life. The Cult has been targeting religion in a plan to make 
worship of the Archons the global one-world religion. Infiltration of 
Satanism into modern ‘culture’, especially among the young, 
through music videos, stage shows and other means, is all part of 
this. 


Nag Hammadi texts describe Yaldabaoth and the Archons in their 
prime form as energy — consciousness — and say they can take form if 
they choose in the same way that consciousness takes form as a 
human. Yaldabaoth is called ‘formless’ and represents a deeply 
inverted, distorted and chaotic state of consciousness which seeks to 
attached to humans and turn them into a likeness of itself in an 
attempt at assimilation. For that to happen it has to manipulate 


humans into low frequency mental and emotional states that match 
its own. Archons can certainly appear in human form and this is the 
origin of the psychopathic personality. The energetic distortion 
Gnostics called Yaldabaoth is psychopathy. When psychopathic 
Archons take human form that human will be a psychopath as an 
expression of Yaldabaoth consciousness. Cult psychopaths are 
Archons in human form. The principle is the same as that portrayed 
in the 2009 Avatar movie when the American military travelled to a 
fictional Earth-like moon called Pandora in the Alpha Centauri star 
system to infiltrate a society of blue people, or Na’vi, by hiding 
within bodies that looked like the Na’vi. Archons posing as humans 
have a particular hybrid information field, part human, part Archon, 
(the ancient ‘demigods’) which processes information in a way that 
manifests behaviour to match their psychopathic evil, lack of 
empathy and compassion, and stops them being influenced by the 
empathy, compassion and love that a fully-human information field 
is capable of expressing. Cult bloodlines interbreed, be they royalty 
or dark suits, for this reason and you have their obsession with 
incest. Interbreeding with full-blown humans would dilute the 
Archontic energy field that guarantees psychopathy in its 
representatives in the human realm. 

Gnostic writings say the main non-human forms that Archons 
take are serpentine (what I have called for decades ‘reptilian’ amid 
unbounded ridicule from the Archontically-programmed) and what 
Gnostics describe as ‘an unborn baby or foetus with grey skin and 
dark, unmoving eyes’. This is an excellent representation of the ET 
‘Greys’ of UFO folklore which large numbers of people claim to have 
seen and been abducted by — Zulu shaman Credo Mutwa among 
them. I agree with those that believe in extraterrestrial or 
interdimensional visitations today and for thousands of years past. 
No wonder with their advanced knowledge and technological 
capability they were perceived and worshipped as gods for 
technological and other ‘miracles’ they appeared to perform. 
Imagine someone arriving in a culture disconnected from the 
modern world with a smartphone and computer. They would be 


seen as a ‘god’ capable of ‘miracles’. The Renegade Mind, however, 
wants to know the source of everything and not only the way that 
source manifests as human or non-human. In the same way that a 
Renegade Mind seeks the original source material for the “‘Covid 
virus’ to see if what is claimed is true. The original source of 
Archons in form is consciousness — the distorted state of 
consciousness known to Gnostics as Yaldabaoth. 


‘Revolt from God is energetic disconnection 

Where I am going next will make a lot of sense of religious texts and 
ancient legends relating to ‘Satan’, Lucifer’ and the ‘gods’. Gnostic 
descriptions sync perfectly with the themes of my own research over 
the years in how they describe a consciousness distortion seeking to 
impose itself on human consciousness. I’ve referred to the core of 
infinite awareness in previous books as Infinite Awareness in 
Awareness of Itself. By that I mean a level of awareness that knows 
that it is all awareness and is aware of all awareness. From here 
comes the frequency of love in its true sense and balance which is 
what love is on one level — the balance of all forces into a single 
whole called Oneness and Isness. The more we disconnect from this 
state of love that many call ‘God’ the constituent parts of that 
Oneness start to unravel and express themselves as a part and not a 
whole. They become individualised as intellect, mind, selfishness, 
hatred, envy, desire for power over others, and such like. This is not 
a problem in the greater scheme in that ‘God’, the All That Is, can 
experience all these possibilities through different expressions of 
itself including humans. What we as expressions of the whole 
experience the All That Is experiences. We are the All That Is 
experiencing itself. As we withdraw from that state of Oneness we 
disconnect from its influence and things can get very unpleasant and 
very stupid. Archontic consciousness is at the extreme end of that. It 
has so disconnected from the influence of Oneness that it has become 
an inversion of unity and love, an inversion of everything, an 
inversion of life itself. Evil is appropriately live written backwards. 
Archontic consciousness is obsessed with death, an inversion of life, 


and so its manifestations in Satanism are obsessed with death. They 
use inverted symbols in their rituals such as the inverted pentagram 
and cross. Sabbatians as Archontic consciousness incarnate invert 
Judaism and every other religion and culture they infiltrate. They 
seek disunity and chaos and they fear unity and harmony as they 
fear love like garlic to a vampire. As a result the Cult, Archons 
incarnate, act with such evil, psychopathy and lack of empathy and 
compassion disconnected as they are from the source of love. How 
could Bill Gates and the rest of the Archontic psychopaths do what 
they have to human society in the ‘Covid’ era with all the death, 
suffering and destruction involved and have no emotional 
consequence for the impact on others? Now you know. Why have 
Zuckerberg, Brin, Page, Wojcicki and company callously censored 
information warning about the dangers of the ‘vaccine’ while 
thousands have been dying and having severe, sometimes life- 
changing reactions? Now you know. Why have Tedros, Fauci, 
Whitty, Vallance and their like around the world been using case and 
death figures they’re aware are fraudulent to justify lockdowns and 
all the deaths and destroyed lives that have come from that? Now 
you know. Why did Christian Drosten produce and promote a 
‘testing’ protocol that he knew couldn’t test for infectious disease 
which led to a global human catastrophe. Now you know. The 
Archontic mind doesn’t give a shit (Fig 17). I personally think that 
Gates and major Cult insiders are a form of AI cyborg that the 
Archons want humans to become. 
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Figure 17: Artist Neil Hague’s version of the ‘Covid’ hierarchy. 


Human batteries 

A state of such inversion does have its consequences, however. The 
level of disconnection from the Source of All means that you 
withdraw from that source of energetic sustenance and creativity. 
This means that you have to find your own supply of energetic 
power and it has — us. When the Morpheus character in the first 
Matrix movie held up a battery he spoke a profound truth when he 
said: ‘The Matrix is a computer-generated dream world built to keep 
us under control in order to change the human being into one of 


these.’ The statement was true in all respects. We do live in a 
technologically-generated virtual reality simulation (more very 
shortly) and we have been manipulated to be an energy source for 
Archontic consciousness. The Disney-Pixar animated movie 
Monsters, Inc. in 2001 symbolised the dynamic when monsters in 
their world had no energy source and they would enter the human 
world to terrify children in their beds, catch the child’s scream, terror 
(low-vibrational frequencies), and take that energy back to power 
the monster world. The lead character you might remember was a 
single giant eye and the symbolism of the Cult’s all-seeing eye was 
obvious. Every thought and emotion is broadcast as a frequency 
unique to that thought and emotion. Feelings of love and joy, 
empathy and compassion, are high, quick, frequencies while fear, 
depression, anxiety, suffering and hate are low, slow, dense 
frequencies. Which kind do you think Archontic consciousness can 
connect with and absorb? In such a low and dense frequency state 
there’s no way it can connect with the energy of love and joy. 
Archons can only feed off energy compatible with their own 
frequency and they and their Cult agents want to delete the human 
world of love and joy and manipulate the transmission of low 
vibrational frequencies through low-vibrational human mental and 
emotional states. We are their energy source. Wars are energetic 
banquets to the Archons — a world war even more so — and think 
how much low-frequency mental and emotional energy has been 
generated from the consequences for humanity of the ‘Covid’ hoax 
orchestrated by Archons incarnate like Gates. 


The ancient practice of human sacrifice ‘to the gods’, continued in 
secret today by the Cult, is based on the same principle. “The gods’ 
are Archontic consciousness in different forms and the sacrifice is 
induced into a state of intense terror to generate the energy the 
Archontic frequency can absorb. Incarnate Archons in the ritual 
drink the blood which contains an adrenaline they crave which 
floods into the bloodstream when people are terrorised. Most of the 
sacrifices, ancient and modern, are children and the theme of 
‘sacrificing young virgins to the gods’ is just code for children. They 


have a particular pre-puberty energy that Archons want more than 
anything and the energy of the young in general is their target. The 
California Department of Education wants students to chant the 
names of Aztec gods (Archontic gods) once worshipped in human 
sacrifice rituals in a curriculum designed to encourage them to 
‘challenge racist, bigoted, discriminatory, imperialist/colonial 
beliefs’, join ‘social movements that struggle for social justice’, and 
‘build new possibilities for a post-racist, post-systemic racism 
society’. It’s the usual Woke crap that inverts racism and calls it anti- 
racism. In this case solidarity with ‘indigenous tribes’ is being used 
as an excuse to chant the names of ‘gods’ to which people were 
sacrificed (and still are in secret). What an example of Woke’s 
inability to see beyond black and white, us and them, They condemn 
the colonisation of these tribal cultures by Europeans (quite right), 
but those cultures sacrificing people including children to their 
‘gods’, and mass murdering untold numbers as the Aztecs did, is 
just fine. One chant is to the Aztec god Tezcatlipoca who had a man 
sacrificed to him in the 5th month of the Aztec calendar. His heart 
was cut out and he was eaten. Oh, that’s okay then. Come on 
children ... after three ... Other sacrificial ‘gods’ for the young to 
chant their allegiance include Quetzalcoatl, Huitzilopochtli and Xipe 
Totec. The curriculum says that ‘chants, affirmations, and energizers 
can be used to bring the class together, build unity around ethnic 
studies principles and values, and to reinvigorate the class following 
a lesson that may be emotionally taxing or even when student 
engagement may appear to be low’. Well, that’s the cover story, 
anyway. Chanting and mantras are the repetition of a particular 
frequency generated from the vocal cords and chanting the names of 
these Archontic ‘gods’ tunes you into their frequency. That is the last 
thing you want when it allows for energetic synchronisation, 
attachment and perceptual influence. Initiates chant the names of 
their ‘Gods’ in their rituals for this very reason. 


Paedophilia is another way that Archons absorb the energy of 
children. Paedophiles possessed by Archontic consciousness are 
used as the conduit during sexual abuse for discarnate Archons to 
vampire the energy of the young they desire so much. Stupendous 
numbers of children disappear every year never to be seen again 
although you would never know from the media. Imagine how 
much low-vibrational energy has been generated by children during 
the ‘Covid’ hoax when so many have become depressed and 
psychologically destroyed to the point of killing themselves. 
Shocking numbers of children are now taken by the state from 
loving parents to be handed to others. I can tell you from long 
experience of researching this since 1996 that many end up with 
paedophiles and assets of the Cult through corrupt and Cult-owned 
social services which in the reframing era has hired many 
psychopaths and emotionless automatons to do the job. Children are 
even stolen to order using spurious reasons to take them by the 
corrupt and secret (because they’re corrupt) ‘family courts’. I have 
written in detail in other books, starting with The Biggest Secret in 
1997, about the ubiquitous connections between the political, 
corporate, government, intelligence and military elites (Cult 
operatives) and Satanism and paedophilia. If you go deep enough 
both networks have an interlocking leadership. The Woke mentality 
has been developed by the Cult for many reasons: To promote 
almost every aspect of its agenda; to hijack the traditional political 
left and turn it fascist; to divide and rule; and to target agenda 
pushbackers. But there are other reasons which relate to what Iam 
describing here. How many happy and joyful Wokers do you ever 
see especially at the extreme end? They are a mental and 
psychological mess consumed by emotional stress and constantly 
emotionally cocked for the next explosion of indignation at someone 
referring to a female as a female. They are walking, talking, batteries 
as Morpheus might say emitting frequencies which both enslave 
them in low-vibrational bubbles of perceptual limitation and feed 
the Archons. Add to this the hatred claimed to be love; fascism 
claimed to ‘anti-fascism’, racism claimed to be ‘anti-racism’; 


exclusion claimed to inclusion; and the abuse-filled Internet trolling. 
You have a purpose-built Archontic energy system with not a wind 
turbine in sight and all founded on Archontic inversion. We have 
whole generations now manipulated to serve the Archons with their 
actions and energy. They will be doing so their entire adult lives 
unless they snap out of their Archon-induced trance. Is it really a 
surprise that Cult billionaires and corporations put so much money 
their way? Where is the energy of joy and laughter, including 
laughing at yourself which is confirmation of your own emotional 
security? Mark Twain said: ‘The human race has one really effective 
weapon, and that is laughter.’ We must use it all the time. Woke has 
destroyed comedy because it has no humour, no joy, sense of irony, 
or self-deprecation. Its energy is dense and intense. Mmmmm, lunch 
says the Archontic frequency. Rudolf Steiner (1861-1925) was the 
Austrian philosopher and famous esoteric thinker who established 
Waldorf education or Steiner schools to treat children like unique 
expressions of consciousness and not minds to be programmed with 
the perceptions determined by authority. I’d been writing about this 
energy vampiring for decades when I was sent in 2016 a quote by 
Steiner. He was spot on: 


There are beings in the spiritual realms for whom anxiety and fear emanating from human 
beings offer welcome food. When humans have no anxiety and fear, then these creatures 
starve. If fear and anxiety radiates from people and they break out in panic, then these 
creatures find welcome nutrition and they become more and more powerful. These beings are 
hostile towards humanity. Everything that feeds on negative feelings, on anxiety, fear and 
superstition, despair or doubt, are in reality hostile forces in super-sensible worlds, launching 
cruel attacks on human beings, while they are being fed ... These are exactly the feelings that 
belong to contemporary culture and materialism; because it estranges people from the 
spiritual world, it is especially suited to evoke hopelessness and fear of the unknown in 
people, thereby calling up the above mentioned hostile forces against them. 


Pause for a moment from this perspective and reflect on what has 
happened in the world since the start of 2020. Not only will pennies 
drop, but billion dollar bills. We see the same theme from Don Juan 
Matus, a Yaqui Indian shaman in Mexico and the information source 
for Peruvian-born writer, Carlos Castaneda, who wrote a series of 


books from the 1960s to 1990s. Don Juan described the force 
manipulating human society and his name for the Archons was the 
predator: 


We have a predator that came from the depths of the cosmos and took over the rule of our 
lives. Human beings are its prisoners. The predator is our lord and master. It has rendered us 
docile, helpless. If we want to protest, it suppresses our protest. If we want to act 
independently, it demands that we don’t do so ... indeed we are held prisoner! 


They took us over because we are food to them, and they squeeze us mercilessly because we 
are their sustenance. Just as we rear chickens in coops, the predators rear us in human coops, 
humaneros. Therefore, their food is always available to them. 


Different cultures, different eras, same recurring theme. 


The ‘ennoia’ dilemma 


Nag Hammadi Gnostic manuscripts say that Archon consciousness 
has no ‘ennoia’. This is directly translated as ‘intentionality’, but I’ll 
use the term ‘creative imagination’. The All That Is in awareness of 
itself is the source of all creativity — all possibility - and the more 
disconnected you are from that source the more you are 
subsequently denied ‘creative imagination’. Given that Archon 
consciousness is almost entirely disconnected it severely lacks 
creativity and has to rely on far more mechanical processes of 
thought and exploit the creative potential of those that do have 
‘ennoia’. You can see cases of this throughout human society. Archon 
consciousness almost entirely dominates the global banking system 
and if we study how that system works you will appreciate what I 
mean. Banks manifest ‘money’ out of nothing by issuing lines of 
‘credit’ which is ‘money’ that has never, does not, and will never 
exist except in theory. It’s a confidence trick. If you think ‘credit’ 
figures-on-a-screen ‘money’ is worth anything you accept it as 
payment. If you don’t then the whole system collapses through lack 
of confidence in the value of that ‘money’. Archontic bankers with 
no ‘ennoia’ are ‘lending’ ‘money’ that doesn’t exist to humans that do 
have creativity — those that have the inspired ideas and create 
businesses and products. Archon banking feeds off human creativity 


which it controls through ‘money’ creation and debt. Humans have 
the creativity and Archons exploit that for their own benefit and 
control while having none themselves. Archon Internet platforms 
like Facebook claim joint copyright of everything that creative users 
post and while Archontic minds like Zuckerberg may officially head 
that company it will be human creatives on the staff that provide the 
creative inspiration. When you have limitless ‘money’ you can then 
buy other companies established by creative humans. Witness the 
acquisition record of Facebook, Google and their like. Survey the 
Archon-controlled music industry and you see non-creative dark 
suit executives making their fortune from the human creativity of 
their artists. The cases are endless. Research the history of people 
like Gates and Zuckerberg and how their empires were built on 
exploiting the creativity of others. Archon minds cannot create out of 
nothing, but they are skilled (because they have to be) in what 
Gnostic texts call ‘countermimicry’. They can imitate, but not 
innovate. Sabbatians trawl the creativity of others through 
backdoors they install in computer systems through their 
cybersecurity systems. Archon-controlled China is globally infamous 
for stealing intellectual property and I remember how Hong Kong, 
now part of China, became notorious for making counterfeit copies 
of the creativity of others — ‘countermimicry’. With the now 
pervasive and all-seeing surveillance systems able to infiltrate any 
computer you can appreciate the potential for Archons to vampire 
the creativity of humans. Author John Lamb Lash wrote in his book 
about the Nag Hammadi texts, Not In His Image: 


Although they cannot originate anything, because they lack the divine factor of ennoia 
(intentionality), Archons can imitate with a vengeance. Their expertise is simulation (HAL, 
virtual reality). The Demiurge [Yaldabaoth] fashions a heaven world copied from the fractal 
patterns [of the original] ... His construction is celestial kitsch, like the fake Italianate villa of a 
Mafia don complete with militant angels to guard every portal. 


This brings us to something that I have been speaking about since 
the turn of the millennium. Our reality is a simulation; a virtual 
reality that we think is real. No, I’m not kidding. 


Human reality? Well, virtually 

I had pondered for years about whether our reality is ‘real’ or some 
kind of construct. I remembered being immensely affected on a visit 
as a small child in the late 1950s to the then newly-opened 
Planetarium on the Marylebone Road in London which is now 
closed and part of the adjacent Madame Tussauds wax museum. It 
was in the middle of the day, but when the lights went out there was 
the night sky projected in the Planetarium’s domed ceiling and it 
appeared to be so real. The experience never left me and I didn’t 
know why until around the turn of the millennium when I became 
certain that our ‘night sky’ and entire reality is a projection, a virtual 
reality, akin to the illusory world portrayed in the Matrix movies. I 
looked at the sky one day in this period and it appeared to me like 
the domed roof of the Planetarium. The release of the first Matrix 
movie in 1999 also provided a synchronistic and perfect visual 
representation of where my mind had been going for a long time. I 
hadn’t come across the Gnostic Nag Hammadi texts then. When I 
did years later the correlation was once again astounding. As I read 
Gnostic accounts from 1,600 years and more earlier it was clear that 
they were describing the same simulation phenomenon. They tell 
how the Yaldabaoth ‘Demiurge’ and Archons created a “bad copy’ of 
original reality to rule over all that were captured by its illusions and 
the body was a prison to trap consciousness in the ‘bad copy’ fake 
reality. Read how Gnostics describe the ‘bad copy’ and update that 
to current times and they are referring to what we would call today a 
virtual reality simulation. 

Author John Lamb Lash said ‘the Demiurge fashions a heaven 
world copied from the fractal patterns’ of the original through 
expertise in ‘HAL’ or virtual reality simulation. Fractal patterns are 
part of the energetic information construct of our reality, a sort of 
blueprint. If these patterns were copied in computer terms it would 
indeed give you a copy of a ‘natural’ reality in a non-natural 
frequency and digital form. The principle is the same as making a 
copy of a website. The original website still exists, but now you can 
change the copy version to make it whatever you like and it can 


become very different to the original website. Archons have done 
this with our reality, a synthetic copy of prime reality that still exists 
beyond the frequency walls of the simulation. Trapped within the 
illusions of this synthetic Matrix, however, were and are human 
consciousness and other expressions of prime reality and this is why 
the Archons via the Cult are seeking to make the human body 
synthetic and give us synthetic AI minds to complete the job of 
turning the entire reality synthetic including what we perceive to be 
the natural world. To quote Kurzweil: ‘Nanobots will infuse all the 
matter around us with information. Rocks, trees, everything will 
become these intelligent creatures.’ Yes, synthetic ‘creatures’ just as 
‘Covid’ and other genetically-manipulating ‘vaccines’ are designed 
to make the human body synthetic. From this perspective it is 
obvious why Archons and their Cult are so desperate to infuse 
synthetic material into every human with their ‘Covid’ scam. 


Let there be (electromagnetic) light 

Yaldabaoth, the force that created the simulation, or Matrix, makes 
sense of the Gnostic reference to ‘The Great Architect’ and its use by 
Cult Freemasonry as the name of its deity. The designer of the Matrix 
in the movies is called ‘The Architect’ and that trilogy is jam-packed 
with symbolism relating to these subjects. I have contended for years 
that the angry Old Testament God (Yaldabaoth) is the ‘God’ being 
symbolically ‘quoted’ in the opening of Genesis as ‘creating the 
world’. This is not the creation of prime reality — it’s the creation of 
the simulation. The Genesis ‘God’ says: ‘Let there be Light: and there 
was light.’ But what is this ‘Light’? I have said for decades that the 
speed of light (186,000 miles per second) is not the fastest speed 
possible as claimed by mainstream science and is in fact the 
frequency walls or outer limits of the Matrix. You can’t have a fastest 
or slowest anything within all possibility when everything is 
possible. The human body is encoded to operate within the speed of 
light or within the simulation and thus we see only the tiny frequency 
band of visible light. Near-death experiencers who perceive reality 
outside the body during temporary ‘death’ describe a very different 


form of light and this is supported by the Nag Hammadi texts. 
Prime reality beyond the simulation (‘Upper Aeons’ to the Gnostics) 
is described as a realm of incredible beauty, bliss, love and harmony 
—a realm of ‘watery light’ that is so powerful ‘there are no shadows’. 
Our false reality of Archon control, which Gnostics call the ‘Lower 
Aeons’, is depicted as a realm with a different kind of ‘light’ and 
described in terms of chaos, ‘Hell’, ‘the Abyss’ and ‘Outer Darkness’, 
where trapped souls are tormented and manipulated by demons 
(relate that to the ‘Covid’ hoax alone). The watery light theme can be 
found in near-death accounts and it is not the same as simulation 
‘light’ which is electromagnetic or radiation light within the speed of 
light — the ‘Lower Aeons’. Simulation ‘light’ is the ‘Iuminous fire’ 
associated by Gnostics with the Archons. The Bible refers to 
Yaldabaoth as ‘that old serpent, called the Devil, and Satan, which 
deceiveth the whole world’ (Revelation 12:9). I think that making a 
simulated copy of prime reality (‘countermimicry’) and changing it 
dramatically while all the time manipulating humanity to believe it 
to be real could probably meet the criteria of deceiving the whole 
world. Then we come to the Cult god Lucifer — the Light Bringer. 
Lucifer is symbolic of Yaldabaoth, the bringer of radiation light that 
forms the bad copy simulation within the speed of light. “He’ is 
symbolised by the lighted torch held by the Statue of Liberty and in 
the name ‘Illuminati’. Sabbatian-Frankism declares that Lucifer is the 
true god and Lucifer is the real god of Freemasonry honoured as 
their ‘Great or Grand Architect of the Universe’ (simulation). 


I would emphasise, too, the way Archontic technologically- 
generated luminous fire of radiation has deluged our environment 
since I was a kid in the 1950s and changed the nature of The Field 
with which we constantly interact. Through that interaction 
technological radiation is changing us. The Smart Grid is designed to 
operate with immense levels of communication power with 5G 
expanding across the world and 6G, 7G, in the process of 
development. Radiation is the simulation and the Archontic 
manipulation system. Why wouldn’t the Archon Cult wish to 
unleash radiation upon us to an ever-greater extreme to form 


Kurzweil’s ‘cloud’? The plan for a synthetic human is related to the 
need to cope with levels of radiation beyond even anything we’ve 
seen so far. Biological humans would not survive the scale of 
radiation they have in their script. The Smart Grid is a technological 
sub-reality within the technological simulation to further disconnect 
five-sense perception from expanded consciousness. It’s a 
technological prison of the mind. 


A recurring theme in religion and native cultures is the 
manipulation of human genetics by a non-human force and most 
famously recorded as the biblical “sons of god’ (the gods plural in the 
original) who interbred with the daughters of men. The Nag 
Hammadi Apocryphon of John tells the same story this way: 


He [Yaldabaoth] sent his angels [Archons/demons] to the daughters of men, that they might 
take some of them for themselves and raise offspring for their enjoyment. And at first they did 
not succeed. When they had no success, they gathered together again and they made a plan 
together ... And the angels changed themselves in their likeness into the likeness of their 
mates, filling them with the spirit of darkness, which they had mixed for them, and with evil ... 
And they took women and begot children out of the darkness according to the likeness of 
their spirit. 


Possession when a discarnate entity takes over a human body is an 
age-old theme and continues today. It’s very real and I’ve seen it. 
Satanic and secret society rituals can create an energetic environment 
in which entities can attach to initiates and I’ve heard many stories 
of how people have changed their personality after being initiated 
even into lower levels of the Freemasons. I have been inside three 
Freemasonic temples, one at a public open day and two by just 
walking in when there was no one around to stop me. They were in 
Ryde, the town where I live, Birmingham, England, when I was with 
a group, and Boston, Massachusetts. They all felt the same 
energetically — dark, dense, low-vibrational and sinister. Demonic 
attachment can happen while the initiate has no idea what is going 
on. To them it’s just a ritual to get in the Masons and do a bit of good 


business. In the far more extreme rituals of Satanism human 
possession is even more powerful and they are designed to make 
possession possible. The hierarchy of the Cult is dictated by the 
power and perceived status of the possessing Archon. In this way 
the Archon hierarchy becomes the Cult hierarchy. Once the entity 
has attached it can influence perception and behaviour and if it 
attaches to the extreme then so much of its energy (information) 
infuses into the body information field that the hologram starts to 
reflect the nature of the possessing entity. This is the Exorcist movie 
type of possession when facial features change and it’s known as 
shapeshifting. Islam’s Jinn are said to be invisible tricksters who 
change shape, ‘whisper’, confuse and take human form. These are all 
traits of the Archons and other versions of the same phenomenon. 
Extreme possession could certainty infuse the ‘spirit of darkness’ 
into a partner during sex as the Nag Hammadi texts appear to 
describe. Such an infusion can change genetics which is also 
energetic information. Human genetics is information and the ‘spirit 
of darkness’ is information. Mix one with the other and change must 
happen. Islam has the concept of a ‘Jinn baby’ through possession of 
the mother and by Jinn taking human form. There are many ways 
that human genetics can be changed and remember that Archons 
have been aware all along of advanced techniques to do this. What is 
being done in human society today — and far more — was known 
about by Archons at the time of the ‘fallen ones’ and their other 
versions described in religions and cultures. 


Archons and their human-world Cult are obsessed with genetics 
as we see today and they know this dictates how information is 
processed into perceived reality during a human life. They needed to 
produce a human form that would decode the simulation and this is 
symbolically known as ‘Adam and Eve’ who left the ‘garden’ (prime 
reality) and ‘fell’ into Matrix reality. The simulation is not a 
‘physical’ construct (there is no “physical’); it is a source of 
information. Think Wi-Fi again. The simulation is an energetic field 
encoded with information and body-brain systems are designed to 
decode that information encoded in wave or frequency form which 


is transmitted to the brain as electrical signals. These are decoded by 
the brain to construct our sense of reality — an illusory ‘physical’ 
world that only exists in the brain or the mind. Virtual reality games 
mimic this process using the same sensory decoding system. 
Information is fed to the senses to decode a virtual reality that can 
appear so real, but isn’t (Figs 18 and 19). Some scientists believe — 
and I agree with them — that what we perceive as ‘physical’ reality 
only exists when we are looking or observing. The act of perception 
or focus triggers the decoding systems which turn waveform 
information into holographic reality. When we are not observing 
something our reality reverts from a holographic state to a waveform 
state. This relates to the same principle as a falling tree not making a 
noise unless someone is there to hear it or decode it. The concept 
makes sense from the simulation perspective. A computer is not 
decoding all the information in a Wi-Fi field all the time and only 
decodes or brings into reality on the screen that part of Wi-Fi that it’s 
decoding — focusing upon — at that moment. 


Figure 19: The result can be experienced as very ‘real’. 


Interestingly, Professor Donald Hoffman at the Department of 
Cognitive Sciences at the University of California, Irvine, says that 
our experienced reality is like a computer interface that shows us 
only the level with which we interact while hiding all that exists 
beyond it: ‘Evolution shaped us with a user interface that hides the 
truth. Nothing that we see is the truth — the very language of space 
and time and objects is the wrong language to describe reality.’ He is 
correct in what he says on so many levels. Space and time are not a 
universal reality. They are a phenomenon of decoded simulation 
reality as part of the process of enslaving our sense of reality. Near- 
death experiencers report again and again how space and time did 
not exist as we perceive them once they were free of the body — body 
decoding systems. You can appreciate from this why Archons and 
their Cult are so desperate to entrap human attention in the five 
senses where we are in the Matrix and of the Matrix. Opening your 
mind to expanded states of awareness takes you beyond the 
information confines of the simulation and you become aware of 
knowledge and insights denied to you before. This is what we call 
‘awakening’ — awakening from the Matrix — and in the final chapter I 
will relate this to current events. 


Where are the ‘aliens’? 

A simulation would explain the so-called ‘Fermi Paradox’ named 
after Italian physicist Enrico Fermi (1901-1954) who created the first 
nuclear reactor. He considered the question of why there is such a 
lack of extraterrestrial activity when there are so many stars and 
planets in an apparently vast universe; but what if the night sky that 
we see, or think we do, is a simulated projection as I say? If you 
control the simulation and your aim is to hold humanity fast in 
essential ignorance would you want other forms of life including 
advanced life coming and going sharing information with 
humanity? Or would you want them to believe they were isolated 
and apparently alone? Themes of human isolation and apartness are 
common whether they be the perception of a lifeless universe or the 
fascist isolation laws of the ‘Covid’ era. Paradoxically the very 


existence of a simulation means that we are not alone when some 
force had to construct it. My view is that experiences that people 
have reported all over the world for centuries with Reptilians and 
Grey entities are Archon phenomena as Nag Hammadi texts 
describe; and that benevolent ‘alien’ interactions are non-human 
groups that come in and out of the simulation by overcoming 
Archon attempts to keep them out. It should be highlighted, too, that 
Reptilians and Greys are obsessed with genetics and technology as 
related by cultural accounts and those who say they have been 
abducted by them. Technology is their way of overcoming some of 
the limitations in their creative potential and our technology-driven 
and controlled human society of today is archetypical Archon- 
Reptilian-Grey modus operandi. Technocracy is really Archontocracy. 
The Universe does not have to be as big as it appears with a 
simulation. There is no space or distance only information decoded 
into holographic reality. What we call ‘space’ is only the absence of 
holographic ‘objects’ and that ‘space’ is The Field of energetic 
information which connects everything into a single whole. The 
same applies with the artificially-generated information field of the 
simulation. The Universe is not big or small as a physical reality. It is 
decoded information, that’s all, and its perceived size is decided by 
the way the simulation is encoded to make it appear. The entire 
night sky as we perceive it only exists in our brain and so where are 
those ‘millions of light years’? The ‘stars’ on the ceiling of the 
Planetarium looked a vast distance away. 


There’s another point to mention about ‘aliens’. I have been 
highlighting since the 1990s the plan to stage a fake ‘alien invasion’ 
to justify the centralisation of global power and a world military. 
Nazi scientist Werner von Braun, who was taken to America by 
Operation Paperclip after World War Two to help found NASA, told 
his American assistant Dr Carol Rosin about the Cult agenda when 
he knew he was dying in 1977. Rosin said that he told her about a 
sequence that would lead to total human control by a one-world 
government. This included threats from terrorism, rogue nations, 
meteors and asteroids before finally an ‘alien invasion’. All of these 


things, von Braun said, would be bogus and what I would refer to as 
a No-Problem-Reaction-Solution. Keep this in mind when ‘the aliens 
are coming’ is the new mantra. The aliens are not coming — they are 
already here and they have infiltrated human society while looking 
human. French-Canadian investigative journalist Serge Monast said 
in 1994 that he had uncovered a NASA/military operation called 
Project Blue Beam which fits with what Werner von Braun predicted. 
Monast died of a ‘heart attack’ in 1996 the day after he was arrested 
and spent a night in prison. He was 51. He said Blue Beam was a 
plan to stage an alien invasion that would include religious figures 
beamed holographically into the sky as part of a global manipulation 
to usher in a ‘new age’ of worshipping what I would say is the Cult 
‘god’ Yaldabaoth in a one-world religion. Fake holographic asteroids 
are also said to be part of the plan which again syncs with von 
Braun. How could you stage an illusory threat from asteroids unless 
they were holographic inserts? This is pretty straightforward given 
the advanced technology outside the public arena and the fact that 
our ‘physical’ reality is holographic anyway. Information fields 
would be projected and we would decode them into the illusion of a 
‘physical’ asteroid. If they can sell a global ‘pandemic’ with a ‘virus’ 
that doesn’t exist what will humans not believe if government and 
media tell them? 

All this is particularly relevant as I write with the Pentagon 
planning to release in June, 2021, information about ‘UFO sightings’. 
I have been following the UFO story since the early 1990s and the 
common theme throughout has been government and military 
denials and cover up. More recently, however, the Pentagon has 
suddenly become more talkative and apparently open with Air 
Force pilot radar images released of unexplained craft moving and 
changing direction at speeds well beyond anything believed possible 
with human technology. Then, in March, 2021, former Director of 
National Intelligence John Ratcliffe said a Pentagon report months 
later in June would reveal a great deal of information about UFO 
sightings unknown to the public. He said the report would have 
‘massive implications’. The order to do this was included bizarrely 


in a $2.3 trillion ‘coronavirus’ relief and government funding bill 
passed by the Trump administration at the end of 2020. I would add 
some serious notes of caution here. I have been pointing out since 
the 1990s that the US military and intelligence networks have long 
had craft — ‘flying saucers’ or anti-gravity craft — which any observer 
would take to be extraterrestrial in origin. Keeping this knowledge 
from the public allows craft flown by humans to be perceived as alien 
visitations. I am not saying that ‘aliens’ do not exist. I would be the 
last one to say that, but we have to be streetwise here. President 
Ronald Reagan told the UN General Assembly in 1987: ‘I 
occasionally think how quickly our differences worldwide would 
vanish if we were facing an alien threat from outside this world.’ 
That's the idea. Unite against a common ‘enemy’ with a common 
purpose behind your ‘saviour force’ (the Cult) as this age-old 
technique of mass manipulation goes global. 


Science moves this way... 

I could find only one other person who was discussing the 
simulation hypothesis publicly when I concluded it was real. This 
was Nick Bostrom, a Swedish-born philosopher at the University of 
Oxford, who has explored for many years the possibility that human 
reality is a computer simulation although his version and mine are 
not the same. Today the simulation and holographic reality 
hypothesis have increasingly entered the scientific mainstream. Well, 
the more open-minded mainstream, that is. Here are a few of the 
ever-gathering examples. American nuclear physicist Silas Beane led 
a team of physicists at the University of Bonn in Germany pursuing 
the question of whether we live in a simulation. They concluded that 
we probably do and it was likely based on a lattice of cubes. They 
found that cosmic rays align with that specific pattern. The team 
highlighted the Greisen—Zatsepin—Kuzmin (GZK) limit which refers 
to cosmic ray particle interaction with cosmic background radiation 
that creates an apparent boundary for cosmic ray particles. They say 
in a paper entitled ‘Constraints on the Universe as a Numerical 
Simulation’ that this ‘pattern of constraint’ is exactly what you 


would find with a computer simulation. They also made the point 
that a simulation would create its own ‘laws of physics’ that would 
limit possibility. I’ve been making the same point for decades that 
the perceived laws of physics relate only to this reality, or what I 
would later call the simulation. When designers write codes to create 
computer and virtual reality games they are the equivalent of the 
laws of physics for that game. Players interact within the limitations 
laid out by the coding. In the same way those who wrote the codes 
for the simulation decided the laws of physics that would apply. 
These can be overridden by expanded states of consciousness, but 
not by those enslaved in only five-sense awareness where simulation 
codes rule. Overriding the codes is what people call ‘miracles’. They 
are not. They are bypassing the encoded limits of the simulation. A 
population caught in simulation perception would have no idea that 
this was their plight. As the Bonn paper said: ‘Like a prisoner in a 
pitch-black cell we would not be able to see the “walls” of our 
prison,’ That’s true if people remain mesmerised by the five senses. 
Open to expanded awareness and those walls become very clear. The 
main one is the speed of light. 

American theoretical physicist James Gates is another who has 
explored the simulation question and found considerable evidence 
to support the idea. Gates was Professor of Physics at the University 
of Maryland, Director of The Center for String and Particle Theory, 
and on Barack Obama’s Council of Advisors on Science and 
Technology. He and his team found computer codes of digital data 
embedded in the fabric of our reality. They relate to on-off electrical 
charges of 1 and 0 in the binary system used by computers. “We have 
no idea what they are doing there’, Gates said. They found within 
the energetic fabric mathematical sequences known as error- 
correcting codes or block codes that ‘reboot’ data to its original state 
or ‘default settings’ when something knocks it out of sync. Gates was 
asked if he had found a set of equations embedded in our reality 
indistinguishable from those that drive search engines and browsers 
and he said: ‘That is correct.’ Rich Terrile, director of the Centre for 
Evolutionary Computation and Automated Design at NASA’s Jet 


Propulsion Laboratory, has said publicly that he believes the 
Universe is a digital hologram that must have been created by a form 
of intelligence. I agree with that in every way. Waveform information 
is delivered electrically by the senses to the brain which constructs a 
digital holographic reality that we call the ‘world’. This digital level 
of reality can be read by the esoteric art of numerology. Digital 
holograms are at the cutting edge of holographics today. We have 
digital technology everywhere designed to access and manipulate 
our digital level of perceived reality. Synthetic mRNA in ‘Covid 
vaccines’ has a digital component to manipulate the body’s digital 
‘operating system’. 


Reality is numbers 


How many know that our reality can be broken down to numbers 
and codes that are the same as computer games? Max Tegmark, a 
physicist at the Massachusetts Institute of Technology (MIT), is the 
author of Our Mathematical Universe in which he lays out how reality 
can be entirely described by numbers and maths in the way that a 
video game is encoded with the ‘physics’ of computer games. Our 
world and computer virtual reality are essentially the same. 
Tegmark imagines the perceptions of characters in an advanced 
computer game when the graphics are so good they don’t know they 
are in a game. They think they can bump into real objects 
(electromagnetic resistance in our reality), fall in love and feel 
emotions like excitement. When they began to study the apparently 
‘physical world’ of the video game they would realise that 
everything was made of pixels (which have been found in our 
energetic reality as must be the case when on one level our world is 
digital). What computer game characters thought was physical 
‘stuff’, Tegmark said, could actually be broken down into numbers: 


And we're exactly in this situation in our world. We look around and it doesn’t seem that 
mathematical at all, but everything we see is made out of elementary particles like quarks and 
electrons. And what properties does an electron have? Does it have a smell or a colour or a 
texture? No! ... We physicists have come up with geeky names for [Electron] properties, like 


electric charge, or spin, or lepton number, but the electron doesn’t care what we call it, the 
properties are just numbers. 


This is the illusory reality Gnostics were describing. This is the 
simulation. The A, C, G, and T codes of DNA have a binary value — 
A and C = 0 while G and T = 1. This has to be when the simulation is 
digital and the body must be digital to interact with it. Recurring 
mathematical sequences are encoded throughout reality and the 
body. They include the Fibonacci sequence in which the two 
previous numbers are added to get the next one, as in... 1, 1, 2, 3, 5, 
8, 13, 21, 34, 55, etc. The sequence is encoded in the human face and 
body, proportions of animals, DNA, seed heads, pine cones, trees, 
shells, spiral galaxies, hurricanes and the number of petals in a 
flower. The list goes on and on. There are fractal patterns — a ‘never- 
ending pattern that is infinitely complex and self-similar across all 
scales in the as above, so below, principle of holograms. These and 
other famous recurring geometrical and mathematical sequences 
such as Phi, Pi, Golden Mean, Golden Ratio and Golden Section are 
computer codes of the simulation. I had to laugh and give my head a 
shake the day I finished this book and it went into the production 
stage. I was sent an article in Scientific American published in April, 
2021, with the headline ‘Confirmed! We Live in a Simulation’. Two 
decades after I first said our reality is a simulation and the speed of 
light is it’s outer limit the article suggested that we do live ina 
simulation and that the speed of light is its outer limit. I left school at 
15 and never passed a major exam in my life while the writer was up 
to his eyes in qualifications. As I will explain in the final chapter 
knowing is far better than thinking and they come from very different 
sources. The article rightly connected the speed of light to the 
processing speed of the ‘Matrix’ and said what has been in my books 
all this time ... ‘If we are in a simulation, as it appears, then space is 
an abstract property written in code. It is not real’. No it’s not and if 
we live in a simulation something created it and it wasn’t us. ‘That 
David Icke says we are manipulated by aliens’ — he’s crackers.’ 


The reality that humanity thinks is so real is an illusion. Politicians, 
governments, scientists, doctors, academics, law enforcement, 
media, school and university curriculums, on and on, are all 
founded on a world that does not exist except as a simulated prison 
cell. Is it such a stretch to accept that “Covid’ doesn’t exist when our 
entire ‘physical’ reality doesn’t exist? Revealed here is the 
knowledge kept under raps in the Cult networks of 
compartmentalised secrecy to control humanity’s sense of reality by 
inducing the population to believe in a reality that’s not real. If it 
wasn’t so tragic in its experiential consequences the whole thing 
would be hysterically funny. None of this is new to Renegade Minds. 
Ancient Greek philosopher Plato (about 428 to about 347BC) was a 
major influence on Gnostic belief and he described the human plight 
thousands of years ago with his Allegory of the Cave. He told the 
symbolic story of prisoners living in a cave who had never been 
outside. They were chained and could only see one wall of the cave 
while behind them was a fire that they could not see. Figures walked 
past the fire casting shadows on the prisoners’ wall and those 
moving shadows became their sense of reality. Some prisoners began 
to study the shadows and were considered experts on them (today’s 
academics and scientists), but what they studied was only an illusion 
(today’s academics and scientists). A prisoner escaped from the cave 
and saw reality as it really is. When he returned to report this 
revelation they didn’t believe him, called him mad and threatened to 
kill him if he tried to set them free. Plato’s tale is not only a brilliant 
analogy of the human plight and our illusory reality. It describes, 
too, the dynamics of the ‘Covid’ hoax. I have only skimmed the 
surface of these subjects here. The aim of this book is to crisply 
connect all essential dots to put what is happening today into its true 
context. All subject areas and their connections in this chapter are 
covered in great evidential detail in Everything You Need To Know, 
But Have Never Been Told and The Answer. 


They say that bewildered people ‘can’t see the forest for the trees’. 
Humanity, however, can’t see the forest for the twigs. The five senses 


see only twigs while Renegade Minds can see the forest and it’s the 
forest where the answers lie with the connections that reveals. 
Breaking free of perceptual programming so the forest can be seen is 
the way we turn all this around. Not breaking free is how humanity 
got into this mess. The situation may seem hopeless, but I promise 
you it’s not. We are a perceptual heartbeat from paradise if only we 
knew. 


CHAPTER TWELVE 
Escaping Wetiko 


Life is simply a vacation from the infinite 
Dean Cavanagh 


enegade Minds weave the web of life and events and see 

common themes in the apparently random. They are always 
there if you look for them and their pursuit is aided by incredible 
synchronicity that comes when your mind is open rather than 
mesmerised by what it thinks it can see. 


Infinite awareness is infinite possibility and the more of infinite 
possibility that we access the more becomes infinitely possible. That 
may be stating the apparently obvious, but it is a devastatingly- 
powerful fact that can set us free. We are a point of attention within 
an infinity of consciousness. The question is how much of that 
infinity do we choose to access? How much knowledge, insight, 
awareness, wisdom, do we want to connect with and explore? If 
your focus is only in the five senses you will be influenced by a 
fraction of infinite awareness. I mean a range so tiny that it gives 
new meaning to infinitesimal. Limitation of self-identity and a sense 
of the possible limit accordingly your range of consciousness. We are 
what we think we are. Life is what we think it is. The dream is the 
dreamer and the dreamer is the dream. Buddhist philosophy puts it 
this way: ‘As a thing is viewed, so it appears.” Most humans live in 
the realm of touch, taste, see, hear, and smell and that’s the limit of 
their sense of the possible and sense of self. Many will follow a 
religion and speak of a God in his heaven, but their lives are still 


dominated by the five senses in their perceptions and actions. The 
five senses become the arbiter of everything. When that happens all 
except a smear of infinity is sealed away from influence by the rigid, 
unyielding, reality bubbles that are the five-sense human or 
Phantom Self. Archon Cult methodology is to isolate consciousness 
within five-sense reality — the simulation — and then program that 
consciousness with a sense of self and the world through a deluge of 
life-long information designed to instil the desired perception that 
allows global control. Efforts to do this have increased dramatically 
with identity politics as identity bubbles are squeezed into the 
minutiae of five-sense detail which disconnect people even more 
profoundly from the infinite ‘T’. 


Five-sense focus and self-identity are like a firewall that limits 
access to the infinite realms. You only perceive one radio or 
television station and no other. We’ll take that literally for a moment. 
Imagine a vast array of stations giving different information and 
angles on reality, but you only ever listen to one. Here we have the 
human plight in which the population is overwhelmingly confined 
to CultFM. This relates only to the frequency range of CultFM and 
limits perception and insight to that band — limits possibility to that 
band. It means you are connecting with an almost imperceptibly 
minuscule range of possibility and creative potential within the 
infinite Field. It’s a world where everything seems apart from 
everything else and where synchronicity is rare. Synchronicity is 
defined in the dictionary as ‘the happening by chance of two or more 
related or similar events at the same time’. Use of ‘by chance’ betrays 
a complete misunderstanding of reality. Synchronicity is not ‘by 
chance’. As people open their minds, or ‘awaken’ to use the term, 
they notice more and more coincidences in their lives, bits of ‘luck’, 
apparently miraculous happenings that put them in the right place 
at the right time with the right people. Days become peppered with 
‘fancy meeting you here’ and ‘what are the chances of that?” My 
entire life has been lived like this and ever more so since my own 
colossal awakening in 1990 and 91 which transformed my sense of 
reality. Synchronicity is not ‘by chance’; it is by accessing expanded 


realms of possibility which allow expanded potential for 
manifestation. People broadcasting the same vibe from the same 
openness of mind tend to be drawn ‘by chance’ to each other 
through what I call frequency magnetism and it’s not only people. In 
the last more than 30 years incredible synchronicity has also led me 
through the Cult maze to information in so many forms and to 
crucial personal experiences. These ‘coincidences’ have allowed me 
to put the puzzle pieces together across an enormous array of 
subjects and situations. Those who have breached the bubble of five- 
sense reality will know exactly what I mean and this escape from the 
perceptual prison cell is open to everyone whenever they make that 
choice. This may appear super-human when compared with the 
limitations of ‘human’, but it’s really our natural state. ‘Human’ as 
currently experienced is consciousness in an unnatural state of 
induced separation from the infinity of the whole. I’ll come to how 
this transformation into unity can be made when I have described in 
more detail the force that holds humanity in servitude by denying 
this access to infinite self. 


The Wetiko factor 


I have been talking and writing for decades about the way five-sense 
mind is systematically barricaded from expanded awareness. I have 
used the analogy of a computer (five-sense mind) and someone at 
the keyboard (expanded awareness). Interaction between the 
computer and the operator is symbolic of the interaction between 
five-sense mind and expanded awareness. The computer directly 
experiences the Internet and the operator experiences the Internet 
via the computer which is how it’s supposed to be — the two working 
as one. Archons seek to control that point where the operator 
connects with the computer to stop that interaction (Fig 20). Now the 
operator is banging the keyboard and clicking the mouse, but the 
computer is not responding and this happens when the computer is 
taken over — possessed — by an appropriately-named computer ‘virus’. 
The operator has lost all influence over the computer which goes its 
own way making decisions under the control of the ‘virus’. I have 


just described the dynamic through which the force known to 
Gnostics as Yaldabaoth and Archons disconnects five-sense mind 
from expanded awareness to imprison humanity in perceptual 
servitude. 
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Figure 20: The mind ‘virus’ | have been writing about for decades seeks to isolate five-sense 
mind (the computer) from the true ‘I’. (Image by Neil Hague). 


About a year ago I came across a Native American concept of 
Wetiko which describes precisely the same phenomenon. Wetiko is 
the spelling used by the Cree and there are other versions including 
wintiko and windigo used by other tribal groups. They spell the 
name with lower case, but I see Wetiko as a proper noun as with 
Archons and prefer a capital. I first saw an article about Wetiko by 
writer and researcher Paul Levy which so synced with what I had 
been writing about the computer/operator disconnection and later 
the Archons. I then read his book, the fascinating Dispelling Wetiko, 
Breaking the Spell of Evil. The parallels between what I had concluded 
long before and the Native American concept of Wetiko were so 
clear and obvious that it was almost funny. For Wetiko see the 
Gnostic Archons for sure and the Jinn, the Predators, and every 
other name for a force of evil, inversion and chaos. Wetiko is the 
Native American name for the force that divides the computer from 


the operator (Fig 21). Indigenous author Jack D. Forbes, a founder of 
the Native American movement in the 1960s, wrote another book 
about Wetiko entitled Columbus And Other Cannibals — The Wetiko 
Disease of Exploitation, Imperialism, and Terrorism which | also read. 
Forbes says that Wetiko refers to an evil person or spirit ‘who 
terrorizes other creatures by means of terrible acts, including 
cannibalism’. Zulu shaman Credo Mutwa told me that African 
accounts tell how cannibalism was brought into the world by the 
Chitauri ‘gods’ — another manifestation of Wetiko. The distinction 
between ‘evil person or spirit’ relates to Archons/Wetiko possessing 
a human or acting as pure consciousness. Wetiko is said to be a 
sickness of the soul or spirit and a state of being that takes but gives 
nothing back — the Cult and its operatives perfectly described. Black 
Hawk, a Native American war leader defending their lands from 
confiscation, said European invaders had ‘poisoned hearts’ — Wetiko 
hearts — and that this would spread to native societies. Mention of 
the heart is very significant as we shall shortly see. Forbes writes: 
‘Tragically, the history of the world for the past 2,000 years is, in 
ereat part, the story of the epidemiology of the wetiko disease.’ Yes, 
and much longer. Forbes is correct when he says: “The wetikos 
destroyed Egypt and Babylon and Athens and Rome and 
Tenochtitlan [capital of the Aztec empire] and perhaps now they will 
destroy the entire earth.’ Evil, he said, is the number one export of a 
Wetiko culture — see its globalisation with ‘Covid’. Constant war, 
mass murder, suffering of all kinds, child abuse, Satanism, torture 
and human sacrifice are all expressions of Wetiko and the Wetiko 
possessed. The world is Wetiko made manifest, but it doesn’t have to 
be. There is a way out of this even now. 


Figure 21: The mind ‘virus’ is known to Native Americans as ‘Wetiko’. (Image by Neil Hague). 


Wetiko is the Yaldabaoth frequency distortion that seeks to attach to 
human consciousness and absorb it into its own. Once this 
connection is made Wetiko can drive the perceptions of the target 
which they believe to be coming from their own mind. All the 
horrors of history and today from mass killers to Satanists, 
paedophiles like Jeffrey Epstein and other psychopaths, are the 
embodiment of Wetiko and express its state of being in all its 
erotesqueness. The Cult is Wetiko incarnate, Yaldabaoth incarnate, 
and it seeks to facilitate Wetiko assimilation of humanity in totality 
into its distortion by manipulating the population into low 
frequency states that match its own. Paul Levy writes: 
‘Holographically enforced within the psyche of every human being 
the wetiko virus pervades and underlies the entire field of 
consciousness, and can therefore potentially manifest through any 
one of us at any moment if we are not mindful.’ The ‘Covid’ hoax 
has achieved this with many people, but others have not fallen into 
Wetiko’s frequency lair. Players in the ‘Covid’ human catastrophe 
including Gates, Schwab, Tedros, Fauci, Whitty, Vallance, Johnson, 
Hancock, Ferguson, Drosten, and all the rest, including the 
psychopath psychologists, are expressions of Wetiko. This is why 


they have no compassion or empathy and no emotional consequence 
for what they do that would make them stop doing it. Observe all 
the people who support the psychopaths in authority against the 
Pushbackers despite the damaging impact the psychopaths have on 
their own lives and their family’s lives. You are again looking at 
Wetiko possession which prevents them seeing through the lies to 
the obvious scam going on. Why can’t they see it? Wetiko won't let 
them see it. The perceptual divide that has now become a chasm is 
between the Wetikoed and the non-Wetikoed. 


Paul Levy describes Wetiko in the same way that I have long 
described the Archontic force. They are the same distorted 
consciousness operating across dimensions of reality: ‘... the subtle 
body of wetiko is not located in the third dimension of space and 
time, literally existing in another dimension ... it is able to affect 
ordinary lives by mysteriously interpenetrating into our three- 
dimensional world.’ Wetiko does this through its incarnate 
representatives in the Cult and by weaving itself into The Field 
which on our level of reality is the electromagnetic information field 
of the simulation or Matrix. More than that, the simulation is Wetiko 
/ Yaldabaoth. Caleb Scharf, Director of Astrobiology at Columbia 
University, has speculated that ‘alien life’ could be so advanced that 
it has transcribed itself into the quantum realm to become what we 
call physics. He said intelligence indistinguishable from the fabric of 
the Universe would solve many of its greatest mysteries: 


Perhaps hyper-advanced life isn’t just external. Perhaps it’s already all around. It is embedded 
in what we perceive to be physics itself, from the root behaviour of particles and fields to the 
phenomena of complexity and emergence ... In other words, life might not just be in the 
equations. It might BE the equations [My emphasis]. 


Scharf said it is possible that ‘we don’t recognise advanced life 
because it forms an integral and unsuspicious part of what we’ve 
considered to be the natural world’. I agree. Wetiko/Yaldabaoth is the 
simulation. We are literally in the body of the beast. But that doesn’t 
mean it has to control us. We all have the power to overcome Wetiko 


influence and the Cult knows that. I doubt it sleeps too well because 
it knows that. 


This, I suggest, is how it all works. There are two Fields. One is the 
fierce electromagnetic light of the Matrix within the speed of light; 
the other is the ‘watery light’ of The Field beyond the walls of the 
Matrix that connects with the Great Infinity. Five-sense mind and the 
decoding systems of the body attach us to the Field of Matrix light. 
They have to or we could not experience this reality. Five-sense mind 
sees only the Matrix Field of information while our expanded 
consciousness is part of the Infinity Field. When we open our minds, 
and most importantly our hearts, to the Infinity Field we have a 
mission control which gives us an expanded perspective, a road 
map, to understand the nature of the five-sense world. If we are 
isolated only in five-sense mind there is no mission control. We’re on 
our own trying to understand a world that’s constantly feeding us 
information to ensure we do not understand. People in this state can 
feel ‘lost’ and bewildered with no direction or radar. You can see 
ever more clearly those who are influenced by the Fields of Big 
Infinity or little five-sense mind simply by their views and behaviour 
with regard to the ‘Covid’ hoax. We have had this division 
throughout known human history with the mass of the people on 
one side and individuals who could see and intuit beyond the walls 
of the simulation — Plato’s prisoner who broke out of the cave and 
saw reality for what it is. Such people have always been targeted by 
Wetiko/Archon-possessed authority, burned at the stake or 
demonised as mad, bad and dangerous. The Cult today and its 
global network of ‘anti-hate’, ‘anti-fascist’ Woke groups are all 
expressions of Wetiko attacking those exposing the conspiracy, 
‘Covid’ lies and the ‘vaccine’ agenda. 

Woke as a whole is Wetiko which explains its black and white 
mentality and how at one it is with the Wetiko-possessed Cult. Paul 
Levy said: ‘To be in this paradigm is to still be under the thrall of a 
two-valued logic — where things are either true or false — of a 


wetikoized mind.’ Wetiko consciousness is in a permanent rage, 
therefore so is Woke, and then there is Woke inversion and 
contradiction. ‘Anti-fascists’ act like fascists because fascists and ‘anti- 
fascists’ are both Wetiko at work. Political parties act the same while 
claiming to be different for the same reason. Secret society and 
satanic rituals are attaching initiates to Wetiko and the cold, ruthless, 
psychopathic mentality that secures the positions of power all over 
the world is Wetiko. Reframing ‘training programmes’ have the 
same cumulative effect of attaching Wetiko and we have their 
graduates described as automatons and robots with a cold, 
psychopathic, uncaring demeanour. They are all traits of Wetiko 
possession and look how many times they have been described in 
this book and elsewhere with regard to personnel behind ‘Covid’ 
including the police and medical profession. Climbing the greasy 
pole in any profession in a Wetiko society requires traits of Wetiko to 
get there and that is particularly true of politics which is not about 
fair competition and pre-eminence of ideas. It is founded on how 
many backs you can stab and arses you can lick. This culminated in 
the global ‘Covid’ coordination between the Wetiko possessed who 
pulled it off in all the different countries without a trace of empathy 
and compassion for their impact on humans. Our sight sense can see 
only holographic form and not the Field which connects holographic 
form. Therefore we perceive ‘physical’ objects with ‘space’ in 
between. In fact that ‘space’ is energy/consciousness operating on 
multiple frequencies. One of them is Wetiko and that connects the 
Cult psychopaths, those who submit to the psychopaths, and those 
who serve the psychopaths in the media operations of the world. 
Wetiko is Gates. Wetiko is the mask-wearing submissive. Wetiko is 
the fake journalist and “‘fact-checker’. The Wetiko Field is 
coordinating the whole thing. Psychopaths, gofers, media 
operatives, ‘anti-hate’ hate groups, ‘fact-checkers’ and submissive 
people work as one unit even without human coordination because they 
are attached to the same Field which is organising it all (Fig 22). Paul 
Levy is here describing how Wetiko-possessed people are drawn 
together and refuse to let any information breach their rigid 


perceptions. He was writing long before ‘Covid’, but I think you will 
recognise followers of the ‘Covid’ religion oh just a little bit: 


People who are channelling the vibratory frequency of wetiko align with each other through 
psychic resonance to reinforce their unspoken shared agreement so as to uphold their 
deranged view of reality. Once an unconscious content takes possession of certain 
individuals, it irresistibly draws them together by mutual attraction and knits them into groups 
tied together by their shared madness that can easily swell into an avalanche of insanity. 


A psychic epidemic is a closed system, which is to say that it is insular and not open to any 
new information or informing influences from the outside world which contradict its fixed, 
limited, and limiting perspective. 


There we have the Woke mind and the ‘Covid’ mind. Compatible 
resonance draws the awakening together, too, which is clearly 
happening today. 


THE WETIKO FIELD 


WETIKO MANIPULATION 
OF THE ENERGETIC 
WAVEFIELD 


Figure 22: The Wetiko Field from which the Cult pyramid and its personnel are made 
manifest. (Image by Neil Hague). 


Wetiko doesn’t care about humans. It’s not human; it just possesses 
humans for its own ends and the effect (depending on the scale of 


possession) can be anything from extreme psychopathy to 
unquestioning obedience. Wetiko’s worst nightmare is for human 
consciousness to expand beyond the simulation. Everything is 
focussed on stopping that happening through control of 
information, thus perception, thus frequency. The ‘education 
system’, media, science, medicine, academia, are all geared to 
maintaining humanity in five-sense servitude as is the constant 
stimulation of low-vibrational mental and emotional states (see 
‘Covid’). Wetiko seeks to dominate those subconscious spaces 
between five-sense perception and expanded consciousness where 
the computer meets the operator. From these subconscious hiding 
places Wetiko speaks to us to trigger urges and desires that we take 
to be our own and manipulate us into anything from low-vibrational 
to psychopathic states. Remember how Islam describes the Jinn as 
invisible tricksters that ‘whisper’ and confuse. Wetiko is the origin of 
the ‘trickster god’ theme that you find in cultures all over the world. 
Jinn, like the Archons, are Wetiko which is terrified of humans 
awakening and reconnecting with our true self for then its energy 
source has gone. With that the feedback loop breaks between Wetiko 
and human perception that provides the energetic momentum on 
which its very existence depends as a force of evil. Humans are both 
its target and its source of survival, but only if we are operating in 
low-vibrational states of fear, hate, depression and the background 
anxiety that most people suffer. We are Wetiko’s target because we 
are its key to survival. It needs us, not the other way round. Paul 
Levy writes: 


A vampire has no intrinsic, independent, substantial existence in its own right; it only exists in 
relation to us. The pathogenic, vampiric mind-parasite called wetiko is nothing in itself — not 
being able to exist from its own side — yet it has a ‘virtual reality’ such that it can potentially 
destroy our species ... 


... The fact that a vampire is not reflected by a mirror can also mean that what we need to see 
is that there’s nothing, no-thing to see, other than ourselves. The fact that wetiko is the 
expression of something inside of us means that the cure for wetiko is with us as well. The 
critical issue is finding this cure within us and then putting it into effect. 


Evil begets evil because if evil does not constantly expand and 
find new sources of energetic sustenance its evil, its distortion, dies 
with the assimilation into balance and harmony. Love is the garlic to 
Wetiko’s vampire. Evil, the absence of love, cannot exist in the 
presence of love. I think I see a way out of here. I have emphasised 
so many times over the decades that the Archons/Wetiko and their 
Cult are not all powerful. They are not. I don’t care how it looks even 
now they are not. I have not called them little boys in short trousers 
for effect. I have said it because it is true. Wetiko’s insatiable desire 
for power over others is not a sign of its omnipotence, but its 
insecurity. Paul Levy writes: “Due to the primal fear which 
ultimately drives it and which it is driven to cultivate, wetiko’s body 
politic has an intrinsic and insistent need for centralising power and 
control so as to create imagined safety for itself.’ Yeeeeeees! Exactly! 
Why does Wetiko want humans in an ongoing state of fear? Wetiko 
itself is fear and it is petrified of love. As evil is an absence of love, so 
love is an absence of fear. Love conquers all and especially Wetiko 
which is fear. Wetiko brought fear into the world when it wasn’t here 
before. Fear was the ‘fall’, the fall into low-frequency ignorance and 
illusion — fear is False Emotion Appearing Real. The simulation is 
driven and energised by fear because Wetiko/Yaldabaoth (fear) are 
the simulation. Fear is the absence of love and Wetiko is the absence 
of love. 


We can now view current events from this level of perspective. The 
‘Covid’ hoax has generated momentous amounts of ongoing fear, 
anxiety, depression and despair which have empowered Wetiko. No 
wonder people like Gates have been the instigators when they are 
Wetiko incarnate and exhibit every trait of Wetiko in the extreme. 
See how cold and unemotional these people are like Gates and his 
cronies, how dead of eye they are. That’s Wetiko. Sabbatians are 
Wetiko and everything they control including the World Health 
Organization, Big Pharma and the ‘vaccine’ makers, national ‘health’ 


hierarchies, corporate media, Silicon Valley, the banking system, and 
the United Nations with its planned transformation into world 
government. All are controlled and possessed by the Wetiko 
distortion into distorting human society in its image. We are with 
this knowledge at the gateway to understanding the world. 
Divisions of race, culture, creed and sexuality are diversions to hide 
the real division between those possessed and influenced by Wetiko 
and those that are not. The ‘Covid’ hoax has brought both clearly 
into view. Human behaviour is not about race. Tyrants and 
dictatorships come in all colours and creeds. What unites the US 
president bombing the innocent and an African tribe committing 
genocide against another as in Rwanda? What unites them? Wetiko. 
All wars are Wetiko, all genocide is Wetiko, all hunger over centuries 
in a world of plenty is Wetiko. Children going to bed hungry, 
including in the West, is Wetiko. Cult-generated Woke racial 
divisions that focus on the body are designed to obscure the reality 
that divisions in behaviour are manifestations of mind, not body. 
Obsession with body identity and group judgement is a means to 
divert attention from the real source of behaviour — mind and 
perception. Conflict sown by the Woke both within themselves and 
with their target groups are Wetiko providing lunch for itself 
through still more agents of the division, chaos, and fear on which it 
feeds. The Cult is seeking to assimilate the entirety of humanity and 
all children and young people into the Wetiko frequency by 
manipulating them into states of fear and despair. Witness all the 
suicide and psychological unravelling since the spring of 2020. 
Wetiko psychopaths want to impose a state of unquestioning 
obedience to authority which is no more than a conduit for Wetiko to 
enforce its will and assimilate humanity into itself. It needs us to 
believe that resistance is futile when it fears resistance and even 
more so the game-changing non-cooperation with its impositions. It 
can use violent resistance for its benefit. Violent impositions and 
violent resistance are both Wetiko. The Power of Love with its Power 
of No will sweep Wetiko from our world. Wetiko and its Cult know 
that. They just don’t want us to know. 


This brings me to AI or artificial intelligence and something else 
Wetikos don’t want us to know. What is AI really? I know about 
computer code algorithms and AI that learns from data input. These, 
however, are more diversions, the expeditionary force, for the real Al 
that they want to connect to the human brain as promoted by Silicon 
Valley Wetikos like Kurzweil. What is this AI? It is the frequency of 
Wetiko, the frequency of the Archons. The connection of AI to the 
human brain is the connection of the Wetiko frequency to create a 
Wetiko hive mind and complete the job of assimilation. The hive 
mind is planned to be controlled from Israel and China which are 
both 100 percent owned by Wetiko Sabbatians. The assimilation 
process has been going on minute by minute in the ‘smart’ era which 
fused with the ‘Covid’ era. We are told that social media is 
scrambling the minds of the young and changing their personality. 
This is true, but what is social media? Look more deeply at how it 
works, how it creates divisions and conflict, the hostility and cruelty, 
the targeting of people until they are destroyed. That’s Wetiko. Social 
media is manipulated to tune people to the Wetiko frequency with 
all the emotional exploitation tricks employed by platforms like 
Facebook and its Wetiko front man, Zuckerberg. Facebook’s 
Instagram announced a new platform for children to overcome a 
legal bar on them using the main site. This is more Wetiko 
exploitation and manipulation of kids. Amnesty International 
likened the plan to foxes offering to guard the henhouse and said it 
was incompatible with human rights. Since when did Wetiko or 
Zuckerberg (I repeat myself) care about that? Would Brin and Page 
at Google, Wojcicki at YouTube, Bezos at Amazon and whoever the 
hell runs Twitter act as they do if they were not channelling Wetiko? 
Would those who are developing technologies for no other reason 
than human control? How about those designing and selling 
technologies to kill people and Big Pharma drug and ‘vaccine’ 
producers who know they will end or devastate lives? Quite a 
thought for these people to consider is that if you are Wetiko in a 
human life you are Wetiko on the ‘other side’ unless your frequency 


changes and that can only change by a change of perception which 
becomes a change of behaviour. Where Gates is going does not bear 
thinking about although perhaps that’s exactly where he wants to go. 
Either way, that’s where he’s going. His frequency will make it so. 


The frequency lair 

I have been saying for a long time that a big part of the addiction to 
smartphones and devices is that a frequency is coming off them that 
entraps the mind. People spend ages on their phones and sometimes 
even a minute or so after they put them down they pick them up 
again and it all repeats. ‘Covid’ lockdowns will have increased this 
addiction a million times for obvious reasons. Addictions to alcohol 
overindulgence and drugs are another way that Wetiko entraps 
consciousness to attach to its own. Both are symptoms of low- 
vibrational psychological distress which alcoholism and drug 
addiction further compound. Do we think it’s really a coincidence 
that access to them is made so easy while potions that can take 
people into realms beyond the simulation are banned and illegal? I 
have explored smartphone addiction in other books, the scale is 
mind-blowing, and that level of addiction does not come without 
help. Tech companies that make these phones are Wetiko and they 
will have no qualms about destroying the minds of children. We are 
seeing again with these companies the Wetiko perceptual 
combination of psychopathic enforcers and weak and meek 
unquestioning compliance by the rank and file. 

The global Smart Grid is the Wetiko Grid and it is crucial to 
complete the Cult endgame. The simulation is radiation and we are 
being deluged with technological radiation on a devastating scale. 
Wetiko frauds like Elon Musk serve Cult interests while occasionally 
criticising them to maintain his street-cred. 5G and other forms of 
Wi-Fi are being directed at the earth from space on a volume and 
scale that goes on increasing by the day. Elon Musk’s (officially) 
SpaceX Starlink project is in the process of putting tens of thousands 
of satellites in low orbit to cover every inch of the planet with 5G 
and other Wi-Fi to create Kurzweil’s global ‘cloud’ to which the 


human mind is planned to be attached very soon. SpaceX has 
approval to operate 12,000 satellites with more than 1,300 launched 
at the time of writing and applications filed for 30,000 more. Other 
operators in the Wi-Fi, 5G, low-orbit satellite market include 
OneWeb (UK), Telesat (Canada), and AST & Science (US). Musk tells 
us that AI could be the end of humanity and then launches a 
company called Neuralink to connect the human brain to computers. 
Musk’s (in theory) Tesla company is building electric cars and the 
driverless vehicles of the smart control grid. As frauds and 
bullshitters go Elon Musk in my opinion is Major League. 


5G and technological radiation in general are destructive to 
human health, genetics and psychology and increasing the strength 
of artificial radiation underpins the five-sense perceptual bubbles 
which are themselves expressions of radiation or electromagnetism. 
Freedom activist John Whitehead was so right with his ‘databit by 
databit, we are building our own electronic concentration camps’. 
The Smart Grid and 5G is a means to control the human mind and 
infuse perceptual information into The Field to influence anyone in 
sync with its frequency. You can change perception and behaviour 
en masse if you can manipulate the population into those levels of 
frequency and this is happening all around us today. The arrogance 
of Musk and his fellow Cult operatives knows no bounds in the way 
that we see with Gates. Musk’s satellites are so many in number 
already they are changing the night sky when viewed from Earth. 
The astronomy community has complained about this and they have 
seen nothing yet. Some consequences of Musk’s Wetiko hubris 
include: Radiation; visible pollution of the night sky; interference 
with astronomy and meteorology; ground and water pollution from 
intensive use of increasingly many spaceports; accumulating space 
debris; continual deorbiting and burning up of aging satellites, 
polluting the atmosphere with toxic dust and smoke; and ever- 
increasing likelihood of collisions. A collective public open letter of 
complaint to Musk said: 


We are writing to you ... because SpaceX is in process of surrounding the Earth with a 
network of thousands of satellites whose very purpose is to irradiate every square inch of the 


Earth. SpaceX, like everyone else, is treating the radiation as if it were not there. As if the 
mitochondria in our cells do not depend on electrons moving undisturbed from the food we 
digest to the oxygen we breathe. 


As if our nervous systems and our hearts are not subject to radio frequency interference like 
any piece of electronic equipment. As if the cancer, diabetes, and heart disease that now 
afflict a majority of the Earth’s population are not metabolic diseases that result from 
interference with our cellular machinery. As if insects everywhere, and the birds and animals 
that eat them, are not starving to death as a result. 


People like Musk and Gates believe in their limitless Wetiko 
arrogance that they can do whatever they like to the world because 
they own it. Consequences for humanity are irrelevant. It’s 
absolutely time that we stopped taking this shit from these self- 
styled masters of the Earth when you consider where this is going. 


Why is the Cult so anti-human? 

I hear this question often: Why would they do this when it will affect 
them, too? Ah, but will it? Who is this them? Forget their bodies. 
They are just vehicles for Wetiko consciousness. When you break it 
all down to the foundations we are looking at a state of severely 
distorted consciousness targeting another state of consciousness for 
assimilation. The rest is detail. The simulation is the fly-trap in 
which unique sensations of the five senses create a cycle of addiction 
called reincarnation. Renegade Minds see that everything which 
happens in our reality is a smaller version of the whole picture in 
line with the holographic principle. Addiction to the radiation of 
smart technology is a smaller version of addiction to the whole 
simulation. Connecting the body/brain to AI is taking that addiction 
on a giant step further to total ongoing control by assimilating 
human incarnate consciousness into Wetiko. I have watched during 
the ‘Covid’ hoax how many are becoming ever more profoundly 
attached to Wetiko’s perceptual calling cards of aggressive response 
to any other point of view (‘There is no other god but me’), 
psychopathic lack of compassion and empathy, and servile 
submission to the narrative and will of authority. Wetiko is the 
psychopaths and subservience to psychopaths. The Cult of Wetiko is 


so anti-human because it is not human. It embarked on a mission to 
destroy human by targeting everything that it means to be human 
and to survive as human. ‘Covid’ is not the end, just a means to an 
end. The Cult with its Wetiko consciousness is seeking to change 
Earth systems, including the atmosphere, to suit them, not humans. 
The gathering bombardment of 5G alone from ground and space is 
dramatically changing The Field with which the five senses interact. 
There is so much more to come if we sit on our hands and hope it 
will all go away. It is not meant to go away. It is meant to get ever 
more extreme and we need to face that while we still can — just. 


Carbon dioxide is the gas of life. Without that human is over. 
Kaput, gone, history. No natural world, no human. The Cult has 
created a cock and bull story about carbon dioxide and climate 
change to justify its reduction to the point where Gates and the 
ignoramus Biden ‘climate chief’ John Kerry want to suck it out of the 
atmosphere. Kerry wants to do this because his master Gates does. 
Wetikos have made the gas of life a demon with the usual support 
from the Wokers of Extinction Rebellion and similar organisations 
and the bewildered puppet-child that is Greta Thunberg who was 
put on the world stage by Klaus Schwab and the World Economic 
Forum. The name Extinction Rebellion is both ironic and as always 
Wetiko inversion. The gas that we need to survive must be reduced 
to save us from extinction. The most basic need of human is oxygen 
and we now have billions walking around in face nappies depriving 
body and brain of this essential requirement of human existence. 
More than that 5G at 60 gigahertz interacts with the oxygen 
molecule to reduce the amount of oxygen the body can absorb into 
the bloodstream. The obvious knock-on consequences of that for 
respiratory and cognitive problems and life itself need no further 
explanation. Psychopaths like Musk are assembling a global system 
of satellites to deluge the human atmosphere with this insanity. The 
man should be in jail. Here we have two most basic of human needs, 
oxygen and carbon dioxide, being dismantled. 


Two others, water and food, are getting similar treatment with the 
United Nations Agendas 21 and 2030 — the Great Reset — planning to 


centrally control all water and food supplies. People will not even 
own rain water that falls on their land. Food is affected at the most 
basic level by reducing carbon dioxide. We have genetic modification 
or GMO infiltrating the food chain on a mass scale, pesticides and 
herbicides polluting the air and destroying the soil. Freshwater fish 
that provide livelihoods for 60 million people and feed hundreds of 
millions worldwide are being ‘pushed to the brink’ according the 
conservationists while climate change is the only focus. Now we 
have Gates and Schwab wanting to dispense with current food 
sources all together and replace them with a synthetic version which 
the Wetiko Cult would control in terms of production and who eats 
and who doesn’t. We have been on the Totalitarian Tiptoe to this for 
more than 60 years as food has become ever more processed and full 
of chemical shite to the point today when it’s not natural food at all. 
As Dr Tom Cowan says: ‘If it has a label don’t eat it.’ Bill Gates is 
now the biggest owner of farmland in the United States and he does 
nothing without an ulterior motive involving the Cult. Klaus Schwab 
wrote: ‘To feed the world in the next 50 years we will need to 
produce as much food as was produced in the last 10,000 years ... 
food security will only be achieved, however, if regulations on 
genetically modified foods are adapted to reflect the reality that gene 
editing offers a precise, efficient and safe method of improving 
crops.’ Liar. People and the world are being targeted with 
aluminium through vaccines, chemtrails, food, drink cans, and 
endless other sources when aluminium has been linked to many 
health issues including dementia which is increasing year after year. 
Insects, bees and wildlife essential to the food chain are being 
deleted by pesticides, herbicides and radiation which 5G is 
dramatically increasing with 6G and 7G to come. The pollinating bee 
population is being devastated while wildlife including birds, 
dolphins and whales are having their natural radar blocked by the 
effects of ever-increasing radiation. In the summer windscreens used 
to be splattered with insects so numerous were they. It doesn’t 
happen now. Where have they gone? 


Synthetic everything 

The Cult is introducing genetically-modified versions of trees, plants 
and insects including a Gates-funded project to unleash hundreds of 
millions of genetically-modified, lab-altered and patented male 
mosquitoes to mate with wild mosquitoes and induce genetic flaws 
that cause them to die out. Clinically-insane Gates-funded Japanese 
researchers have developed mosquitos that spread vaccine and are 
dubbed ‘flying vaccinators’. Gates is funding the modification of 
weather patterns in part to sell the myth that this is caused by carbon 
dioxide and he’s funding geoengineering of the skies to change the 
atmosphere. Some of this came to light with the Gates-backed plan 
to release tonnes of chalk into the atmosphere to ‘deflect the Sun and 
cool the planet’. Funny how they do this while the heating effect of 
the Sun is not factored into climate projections focussed on carbon 
dioxide. The reason is that they want to reduce carbon dioxide (so 
don’t mention the Sun), but at the same time they do want to reduce 
the impact of the Sun which is so essential to human life and health. 
I have mentioned the sun-cholesterol-vitamin D connection as they 
demonise the Sun with warnings about skin cancer (caused by the 
chemicals in sun cream they tell you to splash on). They come from 
the other end of the process with statin drugs to reduce cholesterol 
that turns sunlight into vitamin D. A lack of vitamin D leads to a 
long list of health effects and how vitamin D levels must have fallen 
with people confined to their homes over ‘Covid’. Gates is funding 
other forms of geoengineering and most importantly chemtrails 
which are dropping heavy metals, aluminium and self-replicating 
nanotechnology onto the Earth which is killing the natural world. 
See Everything You Need To Know, But Have Never Been Told for the 
detailed background to this. 

Every human system is being targeted for deletion by a force that’s 
not human. The Wetiko Cult has embarked on the process of 
transforming the human body from biological to synthetic biological 
as I have explained. Biological is being replaced by the artificial and 
synthetic — Archontic ‘countermimicry’ — right across human society. 
The plan eventually is to dispense with the human body altogether 


and absorb human consciousness — which it wouldn't really be by 
then — into cyberspace (the simulation which is Wetiko/Yaldabaoth). 
Preparations for that are already happening if people would care to 
look. The alternative media rightly warns about globalism and ‘the 
globalists’, but this is far bigger than that and represents the end of 
the human race as we know it. The ‘bad copy’ of prime reality that 
Gnostics describe was a bad copy of harmony, wonder and beauty to 
start with before Wetiko/Yaldabaoth set out to change the simulated 
‘copy’ into something very different. The process was slow to start 
with. Entrapped humans in the simulation timeline were not 
technologically aware and they had to be brought up to intellectual 
speed while being suppressed spiritually to the point where they 
could build their own prison while having no idea they were doing 
so. We have now reached that stage where technological intellect has 
the potential to destroy us and that’s why events are moving so fast. 
Central American shaman Don Juan Matus said: 


Think for a moment, and tell me how you would explain the contradictions between the 
intelligence of man the engineer and the stupidity of his systems of belief, or the stupidity of 
his contradictory behaviour. Sorcerers believe that the predators have given us our systems of 
beliefs, our ideas of good and evil; our social mores. They are the ones who set up our dreams 
of success or failure. They have given us covetousness, greed, and cowardice. It is the 
predator who makes us complacent, routinary, and egomaniacal. 


In order to keep us obedient and meek and weak, the predators engaged themselves in a 
stupendous manoeuvre — stupendous, of course, from the point of view of a fighting strategist; 
a horrendous manoeuvre from the point of those who suffer it. They gave us their mind. The 
predators’ mind is baroque, contradictory, morose, filled with the fear of being discovered any 
minute now. 


For ‘predators’ see Wetiko, Archons, Yaldabaoth, Jinn, and all the 
other versions of the same phenomenon in cultures and religions all 
over the world. The theme is always the same because it’s true and 
it’s real. We have reached the point where we have to deal with it. 
The question is — how? 


I thought I’d use a controversial subheading to get things moving in 
terms of our response to global fascism. What do you mean ‘don’t 
fight’? What do you mean ‘walk away’? We've got to fight. We can’t 
walk away. Well, it depends what we mean by fight and walk away. 
If fighting means physical combat we are playing Wetiko’s game and 
falling for its trap. It wants us to get angry, aggressive, and direct 
hate and hostility at the enemy we think we must fight. Every war, 
every battle, every conflict, has been fought with Wetiko leading 
both sides. It’s what it does. Wetiko wants a fight, anywhere, any 
place. Just hit me, son, so I can hit you back. Wetiko hits Wetiko and 
Wetiko hits Wetiko in return. Iam very forthright as you can see in 
exposing Wetikos of the Cult, but I don’t hate them. I refuse to hate 
them. It’s what they want. What you hate you become. What you 
fight you become. Wokers, ‘anti-haters’ and ‘anti-fascists’ prove this 
every time they reach for their keyboards or don their balaclavas. By 
walk away I mean to disengage from Wetiko which includes ceasing 
to cooperate with its tyranny. Paul Levy says of Wetiko: 


The way to ‘defeat’ evil is not to try to destroy it (for then, in playing evil’s game, we have 
already lost), but rather, to find the invulnerable place within ourselves where evil is unable to 
vanquish us — this is to truly ‘win’ our battle with evil. 


Wetiko is everywhere in human society and it’s been on steroids 
since the ‘Covid’ hoax. Every shouting match over wearing masks 
has Wetiko wearing a mask and Wetiko not wearing one. It’s an 
electrical circuit of push and resist, push and resist, with Wetiko 
pushing and resisting. Each polarity is Wetiko empowering itself. 
Dictionary definitions of ‘resist’ include ‘opposing, refusing to accept 
or comply with’ and the word to focus on is ‘opposing’. What form 
does this take — setting police cars alight or ‘refusing to accept or 
comply with’? The former is Wetiko opposing Wetiko while the 
other points the way forward. This is the difference between those 
aggressively demanding that government fascism must be obeyed 
who stand in stark contrast to the great majority of Pushbackers. We 
saw this clearly with a march by thousands of Pushbackers against 
lockdown in London followed days later by a Woker-hijacked 


protest in Bristol in which police cars were set on fire. Masks were 
virtually absent in London and widespread in Bristol. Wetiko wants 
lockdown on every level of society and infuses its aggression to 
police it through its unknowing stooges. Lockdown protesters are 
the ones with the smiling faces and the hugs, The two blatantly 
obvious states of being — getting more obvious by the day — are the 
result of Wokers and their like becoming ever more influenced by 
the simulation Field of Wetiko and Pushbackers ever more 
influenced by The Field of a far higher vibration beyond the 
simulation. Wetiko can’t invade the heart which is where most 
lockdown opponents are coming from. It’s the heart that allows them 
to see through the lies to the truth in ways I will be highlighting. 


Renegade Minds know that calmness is the place from which 
wisdom comes. You won’t find wisdom in a hissing fit and wisdom 
is what we need in abundance right now. Calmness is not weakness 
— you don’t have to scream at the top of your voice to be strong. 
Calmness is indeed a sign of strength. ‘No’ means I’m not doing it. 
NOOOO!!! doesn’t mean you're not doing it even more. Volume 
does not advance ‘No — I’m not doing it’. You are just not doing it. 
Wetiko possessed and influenced don’t know how to deal with that. 
Wetiko wants a fight and we should not give it one. What it needs 
more than anything is our cooperation and we should not give that 
either. Mass rallies and marches are great in that they are a visual 
representation of feeling, but if it ends there they are irrelevant. You 
demand that Wetikos act differently? Well, they’re not going to are 
they? They are Wetikos. We don’t need to waste our time demanding 
that something doesn’t happen when that will make no difference. 
We need to delete the means that allows it to happen. This, invariably, 
is our cooperation. You can demand a child stop firing a peashooter 
at the dog or you can refuse to buy the peashooter. If you provide 
the means you are cooperating with the dog being smacked on the 
nose with a pea. How can the authorities enforce mask-wearing if 
millions in a country refuse? What if the 74 million Pushbackers that 
voted for Trump in 2020 refused to wear masks, close their 
businesses or stay in their homes. It would be unenforceable. The 


few control the many through the compliance of the many and that’s 
always been the dynamic be it ‘Covid’ regulations or the Roman 
Empire. I know people can find it intimidating to say no to authority 
or stand out in a crowd for being the only one with a face on display; 
but it has to be done or it’s over. I hope I’ve made clear in this book 
that where this is going will be far more intimidating than standing 
up now and saying ‘No’ — I will not cooperate with my own 
enslavement and that of my children. There might be consequences 
for some initially, although not so if enough do the same. The 
question that must be addressed is what is going to happen if we 
don’t? It is time to be strong and unyieldingly so. No means no. Not 
here and there, but everywhere and always. I have refused to wear a 
mask and obey all the other nonsense. I will not comply with 
tyranny. I repeat: Fascism is not imposed by fascists — there are never 
enough of them. Fascism is imposed by the population acquiescing 
to fascism. I will not do it. I will die first, or my body will. Living 
meekly under fascism is a form of death anyway, the death of the 
spirit that Martin Luther King described. 


Making things happen 

We must not despair. This is not over till it’s over and it’s far from 
that. The ‘fat lady’ must refuse to sing. The longer the ‘Covid’ hoax 
has dragged on and impacted on more lives we have seen an 
awakening of phenomenal numbers of people worldwide to the 
realisation that what they have believed all their lives is not how the 
world really is. Research published by the system-serving University 
of Bristol and King’s College London in February, 2021, concluded: 
‘One in every 11 people in Britain say they trust David Icke’s take on 
the coronavirus pandemic.’ It will be more by now and we have 
gathering numbers to build on. We must urgently progress from 
seeing the scam to ceasing to cooperate with it. Prominent German 
lawyer Reiner Fuellmich, also licenced to practice law in America, is 
doing a magnificent job taking the legal route to bring the 
psychopaths to justice through a second Nuremberg tribunal for 
crimes against humanity. Fuellmich has an impressive record of 


beating the elite in court and he formed the German Corona 
Investigative Committee to pursue civil charges against the main 
perpetrators with a view to triggering criminal charges. Most 
importantly he has grasped the foundation of the hoax — the PCR 
test not testing for the ‘virus’ — and Christian Drosten is therefore on 
his charge sheet along with Gates frontman Tedros at the World 
Health Organization. Major players must be not be allowed to inflict 
their horrors on the human race without being brought to book. A 
life sentence must follow for Bill Gates and the rest of them. A group 
of researchers has also indicted the government of Norway for 
crimes against humanity with copies sent to the police and the 
International Criminal Court. The lawsuit cites participation in an 
internationally-planned false pandemic and violation of 
international law and human rights, the European Commission’s 
definition of human rights by coercive rules, Nuremberg and Hague 
rules on fundamental human rights, and the Norwegian 
constitution. We must take the initiative from hereon and not just 
complain, protest and react. 


There are practical ways to support vital mass non-cooperation. 
Organising in numbers is one. Lockdown marches in London in the 
spring in 2021 were mass non-cooperation that the authorities could 
not stop. There were too many people. Hundreds of thousands 
walked the London streets in the centre of the road for mile after 
mile while the Face-Nappies could only look on. They were 
determined, but calm, and just did it with no histrionics and lots of 
smiles. The police were impotent. Others are organising group 
shopping without masks for mutual support and imagine if that was 
happening all over. Policing it would be impossible. If the store 
refuses to serve people in these circumstances they would be faced 
with a long line of trolleys full of goods standing on their own and 
everything would have to be returned to the shelves. How would 
they cope with that if it kept happening? I am talking here about 
moving on from complaining to being pro-active; from watching 
things happen to making things happen. I include in this our 
relationship with the police. The behaviour of many Face-Nappies 


has been disgraceful and anyone who thinks they would never find 
concentration camp guards in the ‘enlightened’ modern era have 
had that myth busted big-time. The period and setting may change — 
Wetikos never do. I watched film footage from a London march in 
which a police thug viciously kicked a protestor on the floor who 
had done nothing. His fellow Face-Nappies stood in a ring 
protecting him. What he did was a criminal assault and with a 
crowd far outnumbering the police this can no longer be allowed to 
happen unchallenged. I get it when people chant ‘shame on you’ in 
these circumstances, but that is no longer enough. They have no 
shame those who do this. Crowds needs to start making a citizen’s 
arrest of the police who commit criminal offences and brutally attack 
innocent people and defenceless women. A citizen’s arrest can be 
made under section 24A of the UK Police and Criminal Evidence 
(PACE) Act of 1984 and you will find something similar in other 
countries. I prefer to call it a Common Law arrest rather than 
citizen’s for reasons I will come to shortly. Anyone can arrest a 
person committing an indictable offence or if they have reasonable 
grounds to suspect they are committing an indictable offence. On 
both counts the attack by the police thug would have fallen into this 
category. A citizen’s arrest can be made to stop someone: 


¢ Causing physical injury to himself or any other person 

e Suffering physical injury 

e Causing loss of or damage to property 

e Making off before a constable can assume responsibility for him 


A citizen’s arrest may also be made to prevent a breach of the 
peace under Common Law and if they believe a breach of the peace 
will happen or anything related to harm likely to be done or already 
done in their presence. This is the way to go I think — the Common 
Law version. If police know that the crowd and members of the 
public will no longer be standing and watching while they commit 


their thuggery and crimes they will think twice about acting like 
Brownshirts and Blackshirts. 


Common Law — common sense 

Mention of Common Law is very important. Most people think the 
law is the law as in one law. This is not the case. There are two 
bodies of law, Common Law and Statute Law, and they are not the 
same. Common Law is founded on the simple premise of do no 
harm. It does not recognise victimless crimes in which no harm is 
done while Statute Law does. There is a Statute Law against almost 
everything. So what is Statute Law? Amazingly it’s the law of the sea 
that was brought ashore by the Cult to override the law of the land 
which is Common Law. They had no right to do this and as always 
they did it anyway. They had to. They could not impose their will on 
the people through Common Law which only applies to do no harm. 
How could you stitch up the fine detail of people’s lives with that? 
Instead they took the law of the sea, or Admiralty Law, and applied 
it to the population. Statute Law refers to all the laws spewing out of 
governments and their agencies including all the fascist laws and 
regulations relating to ‘Covid’. The key point to make is that Statute 
Law is contract law. It only applies between contracting corporations. 
Most police officers don’t even know this. They have to be kept in 
the dark, too. Long ago when merchants and their sailing ships 
began to trade with different countries a contractual law was 
developed called Admiralty Law and other names. Again it only 
applied to contracts agreed between corporate entities. If there is no 
agreed contract the law of the sea had no jurisdiction and that still 
applies to its new alias of Statute Law. The problem for the Cult when 
the law of the sea was brought ashore was an obvious one. People 
were not corporations and neither were government entities. To 
overcome the latter they made governments and all associated 
organisations corporations. All the institutions are private 
corporations and I mean governments and their agencies, local 
councils, police, courts, military, US states, the whole lot. Go to the 


Dun and Bradstreet corporate listings website for confirmation that 
they are all corporations. You are arrested by a private corporation 
called the police by someone who is really a private security guard 
and they take you to court which is another private corporation. 
Neither have jurisdiction over you unless you consent and contract 
with them. This is why you hear the mantra about law enforcement 
policing by consent of the people. In truth the people ‘consent’ only 
in theory through monumental trickery. 


Okay, the Cult overcame the corporate law problem by making 
governments and institutions corporate entities; but what about 
people? They are not corporations are they? Ah ... well in a sense, 
and only a sense, they are. Not people exactly — the illusion of 
people. The Cult creates a corporation in the name of everyone at the 
time that their birth certificate is issued. Note birth/ berth certificate 
and when you go to court under the law of the sea on land you stand 
in a dock. These are throwbacks to the origin. My Common Law 
name is David Vaughan Icke. The name of the corporation created 
by the government when I was born is called Mr David Vaughan 
Icke usually written in capitals as MR DAVID VAUGHAN ICKE. 
That is not me, the living, breathing man. It is a fictitious corporate 
entity. The trick is to make you think that David Vaughan Icke and 
MR DAVID VAUGHAN ICKE are the same thing. They are not. When 
police charge you and take you to court they are prosecuting the 
corporate entity and not the living, breathing, man or woman. They 
have to trick you into identifying as the corporate entity and 
contracting with them. Otherwise they have no jurisdiction. They do 
this through a language known as legalese. Lawful and legal are not 
the same either. Lawful relates to Common Law and legal relates to 
Statute Law. Legalese is the language of Statue Law which uses 
terms that mean one thing to the public and another in legalese. 
Notice that when a police officer tells someone why they are being 
charged he or she will say at the end: ‘Do you understand?’ To the 
public that means ‘Do you comprehend?’ In legalese it means ‘Do 
you stand under me?’ Do you stand under my authority? If you say 


yes to the question you are unknowingly agreeing to give them 
jurisdiction over you in a contract between two corporate entities. 


This is a confidence trick in every way. Contracts have to be agreed 
between informed parties and if you don’t know that David 
Vaughan Icke is agreeing to be the corporation MR DAVID 
VAUGHAN ICKE you cannot knowingly agree to contract. They are 
deceiving you and another way they do this is to ask for proof of 
identity. You usually show them a driving licence or other document 
on which your corporate name is written. In doing so you are 
accepting that you are that corporate entity when you are not. 
Referring to yourself as a ‘person’ or ‘citizen’ is also identifying with 
your corporate fiction which is why I made the Common Law point 
about the citizen’s arrest. If you are approached by a police officer 
you identify yourself immediately as a living, breathing, man or 
woman and say ‘I do not consent, I do not contract with you and I do 
not understand’ or stand under their authority. I have a Common 
Law birth certificate as a living man and these are available at no 
charge from commonlawcourt.com. Businesses registered under the 
Statute Law system means that its laws apply. There are, however, 
ways to run a business under Common Law. Remember all ‘Covid’ 
laws and regulations are Statute Law — the law of contracts and you 
do not have to contract. This doesn’t mean that you can kill someone 
and get away with it. Common Law says do no harm and that 
applies to physical harm, financial harm etc. Police are employees of 
private corporations and there needs to be a new system of non- 
corporate Common Law constables operating outside the Statute 
Law system. If you go to davidicke.com and put Common Law into 
the search engine you will find videos that explain Common Law in 
much greater detail. It is definitely a road we should walk. 


With all my heart 


I have heard people say that we are in a spiritual war. I don’t like the 
term ‘war’ with its Wetiko dynamic, but I know what they mean. 
Sweep aside all the bodily forms and we are in a situation in which 
two states of consciousness are seeking very different realities. 


Wetiko wants upheaval, chaos, fear, suffering, conflict and control. 
The other wants love, peace, harmony, fairness and freedom. That's 
where we are. We should not fall for the idea that Wetiko is all- 
powerful and there’s nothing we can do. Wetiko is not all-powerful. 
It’s a joke, pathetic. It doesn’t have to be, but it has made that choice 
for now. A handful of times over the years when I have felt the 
presence of its frequency I have allowed it to attach briefly so I could 
consciously observe its nature. The experience is not pleasant, the 
energy is heavy and dark, but the ease with which you can kick it 
back out the door shows that its real power is in persuading us that 
it has power. It’s all a con. Wetiko is a con. It’s a trickster and not a 
power that can control us if we unleash our own. The con is founded 
on manipulating humanity to give its power to Wetiko which 
recycles it back to present the illusion that it has power when its 
power is ours that we gave away. This happens on an energetic level 
and plays out in the world of the seen as humanity giving its power 
to Wetiko authority which uses that power to control the population 
when the power is only the power the population has handed over. 
How could it be any other way for billions to be controlled by a 
relative few? I have had experiences with people possessed by 
Wetiko and again you can kick its arse if you do it with an open 
heart. Oh yes — the heart which can transform the world of perceived 
‘matter’. 


We are receiver-transmitters and processors of information, but 
what information and where from? Information is processed into 
perception in three main areas — the brain, the heart and the belly. 
These relate to thinking, knowing, and emotion. Wetiko wants us to 
be head and belly people which means we think within the confines 
of the Matrix simulation and low-vibrational emotional reaction 
scrambles balance and perception. A few minutes on social media 
and you see how emotion is the dominant force. Woke is all emotion 
and is therefore thought-free and fact-free. Our heart is something 
different. It knows while the head thinks and has to try to work it out 
because it doesn’t know. The human energy field has seven prime 
vortexes which connect us with wider reality (Fig 23). Chakra means 


‘wheels of light’ in the Sanskrit language of ancient India. The main 
ones are: The crown chakra on top of the head; brow (or ‘third eye’) 
chakra in the centre of the forehead; throat chakra; heart chakra in 
the centre of the chest; solar plexus chakra below the sternum; sacral 
chakra beneath the navel; and base chakra at the bottom of the spine. 
Each one has a particular function or functions. We feel anxiety and 
nervousness in the belly where the sacral chakra is located and this 
processes emotion that can affect the colon to give people ‘the shits’ 
or make them ‘shit scared’ when they are nervous. Chakras all play 
an important role, but the Mr and Mrs Big is the heart chakra which 
sits at the centre of the seven, above the chakras that connect us to 
the ‘physical’ and below those that connect with higher realms (or at 
least should). Here in the heart chakra we feel love, empathy and 
compassion — ‘My heart goes out to you’. Those with closed hearts 
become literally ‘heart-less’ in their attitudes and behaviour (see Bill 
Gates). Native Americans portrayed Wetiko with what Paul Levy 
calls a ‘frigid, icy heart, devoid of mercy’ (see Bill Gates). 


Figure 23: The chakra system which interpenetrates the human energy field. The heart chakra 
is the governor — or should be. 


Wetiko trembles at the thought of heart energy which it cannot 
infiltrate. The frequency is too high. What it seeks to do instead is 
close the heart chakra vortex to block its perceptual and energetic 
influence. Psychopaths have ‘hearts of stone’ and emotionally- 
damaged people have ‘heartache’ and ‘broken hearts’. The 
astonishing amount of heart disease is related to heart chakra 


disruption with its fundamental connection to the ‘physical’ heart. 
Dr Tom Cowan has written an outstanding book challenging the 
belief that the heart is a pump and making the connection between 
the ‘physical’ and spiritual heart. Rudolph Steiner who was way 
ahead of his time said the same about the fallacy that the heart is a 
pump. What? The heart is not a pump? That's crazy, right? 
Everybody knows that. Read Cowan’s Human Heart, Cosmic Heart 
and you will realise that the very idea of the heart as a pump is 
ridiculous when you see the evidence. How does blood in the feet so 
far from the heart get pumped horizontally up the body by the 
heart?? Cowan explains in the book the real reason why blood 
moves as it does. Our ‘physical’ heart is used to symbolise love when 
the source is really the heart vortex or spiritual heart which is our 
most powerful energetic connection to ‘out there’ expanded 
consciousness. That’s why we feel knowing — intuitive knowing — in 
the centre of the chest. Knowing doesn’t come from a process of 
thoughts leading to a conclusion. It is there in an instant all in one 
go. Our heart knows because of its connection to levels of awareness 
that do know. This is the meaning and source of intuition — intuitive 
knowing. 

For the last more than 30 years of uncovering the global game and 
the nature of reality my heart has been my constant antenna for 
truth and accuracy. An American intelligence insider once said that I 
had quoted a disinformer in one of my books and yet I had only 
quoted the part that was true. He asked: ‘How do you do that?’ By 
using my heart antenna was the answer and anyone can do it. Heart- 
centred is how we are meant to be. With a closed heart chakra we 
withdraw into a closed mind and the bubble of five-sense reality. If 
you take a moment to focus your attention on the centre of your 
chest, picture a spinning wheel of light and see it opening and 
expanding. You will feel it happening, too, and perceptions of the 
heart like joy and love as the heart impacts on the mind as they 
interact. The more the chakra opens the more you will feel 
expressions of heart consciousness and as the process continues, and 
becomes part of you, insights and knowings will follow. An open 


heart is connected to that level of awareness that knows all is One. 
You will see from its perspective that the fault-lines that divide us 
are only illusions to control us. An open heart does not process the 
illusions of race, creed and sexuality except as brief experiences for a 
consciousness that is all. Our heart does not see division, only unity 
(Figs 24 and 25). There’s something else, too. Our hearts love to 
laugh. Mark Twain’s quote that says ‘The human race has one really 
effective weapon, and that is laughter’ is really a reference to the 
heart which loves to laugh with the joy of knowing the true nature of 
infinite reality and that all the madness of human society is an 
illusion of the mind. Twain also said: ‘Against the assault of laughter 
nothing can stand.’ This is so true of Wetiko and the Cult. Their 
insecurity demands that they be taken seriously and their power and 
authority acknowledged and feared. We should do nothing of the 
sort. We should not get aggressive or fearful which their insecurity 
so desires. We should laugh in their face. Even in their no-face as 
police come over in their face-nappies and expect to be taken 
seriously. They don’t take themselves seriously looking like that so 
why should we? Laugh in the face of intimidation. Laugh in the face 
of tyranny. You will see by its reaction that you have pressed all of its 
buttons. Wetiko does not know what to do in the face of laughter or 
when its targets refuse to concede their joy to fear. We have seen 
many examples during the ‘Covid’ hoax when people have 
expressed their energetic power and the string puppets of Wetiko 
retreat with their tail limp between their knees. Laugh — the world is 
bloody mad after all and if it’s a choice between laughter and tears I 
know which way I’m going. 


Figure 24: Head consciousness without the heart sees division and everything apart from 
everything else. 


Figure 25: Heart consciousness sees everything as One. 


The foundation of Wetiko/Archon control of humans is the 
separation of incarnate five-sense mind from the infinite ‘I’ and 
closing the heart chakra where the True ‘T’ lives during a human life. 
The goal has been to achieve complete separation in both cases. I was 
interested therefore to read an account by a French energetic healer 
of what she said she experienced with a patient who had been given 
the ‘Covid’ vaccine. Genuine energy healers can sense information 
and consciousness fields at different levels of being which are 
referred to as ‘subtle bodies’. She described treating the patient who 
later returned after having, without the healer’s knowledge, two 
doses of the ‘Covid vaccine’. The healer said: 


| noticed immediately the change, very heavy energy emanating from [the] subtle bodies. The 
scariest thing was when | was working on the heart chakra, | connected with her soul: it was 
detached from the physical body, it had no contact and it was, as if it was floating in a state of 
total confusion: a damage to the consciousness that loses contact with the physical body, i.e. 
with our biological machine, there is no longer any communication between them. 


| continued the treatment by sending light to the heart chakra, the soul of the person, but it 
seemed that the soul could no longer receive any light, frequency or energy. It was a very 
powerful experience for me. Then | understood that this substance is indeed used to detach 
consciousness so that this consciousness can no longer interact through this body that it 
possesses in life, where there is no longer any contact, no frequency, no light, no more 
energetic balance or mind. 


This would create a human that is rudderless and at the extreme 
almost zombie-like operating with a fractional state of consciousness 
at the mercy of Wetiko. I was especially intrigued by what the healer 
said in the light of the prediction by the highly-informed Rudolf 
Steiner more than a hundred years ago. He said: 


In the future, we will eliminate the soul with medicine. Under the pretext of a ‘healthy point 
of view’, there will be a vaccine by which the human body will be treated as soon as possible 
directly at birth, so that the human being cannot develop the thought of the existence of soul 
and Spirit. To materialistic doctors will be entrusted the task of removing the soul of humanity. 


As today, people are vaccinated against this disease or that disease, so in the future, children 
will be vaccinated with a substance that can be produced precisely in such a way that people, 
thanks to this vaccination, will be immune to being subjected to the ‘madness’ of spiritual life. 
He would be extremely smart, but he would not develop a conscience, and that is the true 
goal of some materialistic circles. 


Steiner said the vaccine would detach the physical body from the 
etheric body (subtle bodies) and ‘once the etheric body is detached 
the relationship between the universe and the etheric body would 
become extremely unstable, and man would become an automaton’. 
He said ‘the physical body of man must be polished on this Earth by 
spiritual will — so the vaccine becomes a kind of arymanique 
(Wetiko) force’ and ‘man can no longer get rid of a given 
materialistic feeling’. Humans would then, he said, become 
‘materialistic of constitution and can no longer rise to the spiritual’. I 
have been writing for years about DNA being a receiver-transmitter 
of information that connects us to other levels of reality and these 
‘vaccines’ changing DNA can be likened to changing an antenna and 
what it can transmit and receive. Such a disconnection would clearly 
lead to changes in personality and perception. Steiner further 
predicted the arrival of AI. Big Pharma ‘Covid vaccine’ makers, 
expressions of Wetiko, are testing their DNA-manipulating evil on 
children as I write with a view to giving the ‘vaccine’ to babies. If it’s 
a soul-body disconnector — and I say that it is or can be — every child 
would be disconnected from ‘soul’ at birth and the ‘vaccine’ would 
create a closed system in which spiritual guidance from the greater 
self would play no part. This has been the ambition of Wetiko all 


along. A Pentagon video from 2005 was leaked of a presentation 
explaining the development of vaccines to change behaviour by their 
effect on the brain. Those that believe this is not happening with the 
‘Covid’ genetically-modifying procedure masquerading as a 
‘vaccine’ should make an urgent appointment with Naivety 
Anonymous. Klaus Schwab wrote in 2018: 


Neurotechnologies enable us to better influence consciousness and thought and to understand 
many activities of the brain. They include decoding what we are thinking in fine levels of 
detail through new chemicals and interventions that can influence our brains to correct for 
errors or enhance functionality. 


The plan is clear and only the heart can stop it. With every heart that 
opens, every mind that awakens, Wetiko is weakened. Heart and 
love are far more powerful than head and hate and so nothing like a 
majority is needed to turn this around. 


Beyond the Phantom 

Our heart is the prime target of Wetiko and so it must be the answer 
to Wetiko. We are our heart which is part of one heart, the infinite 
heart. Our heart is where the true self lives in a human life behind 
firewalls of five-sense illusion when an imposter takes its place — 
Phantom Self; but our heart waits patiently to be set free any time we 
choose to see beyond the Phantom, beyond Wetiko. A Wetikoed 
Phantom Self can wreak mass death and destruction while the love 
of forever is locked away in its heart. The time is here to unleash its 
power and let it sweep away the fear and despair that is Wetiko. 
Heart consciousness does not seek manipulated, censored, 
advantage for its belief or religion, its activism and desires. As an 
expression of the One it treats all as One with the same rights to 
freedom and opinion. Our heart demands fairness for itself no more 
than for others. From this unity of heart we can come together in 
mutual support and transform this Wetikoed world into what reality 
is meant to be —a place of love, joy, happiness, fairness, justice and 
freedom. Wetiko has another agenda and that’s why the world is as 


it is, but enough of this nonsense. Wetiko can’t stay where hearts are 
open and it works so hard to keep them closed. Fear is its currency 
and its food source and love in its true sense has no fear. Why would 
love have fear when it knows it is All That Is, Has Been, And Ever Can 
Be on an eternal exploration of all possibility? Love in this true sense 
is not the physical attraction that passes for love. This can be an 
expression of it, yes, but Infinite Love, a love without condition, goes 
far deeper to the core of all being. It is the core of all being. Infinite 
realty was born from love beyond the illusions of the simulation. 
Love infinitely expressed is the knowing that all is One and the 
swiftly-passing experience of separation is a temporary 
hallucination. You cannot disconnect from Oneness; you can only 
perceive that you have and withdraw from its influence. This is the 
most important of all perception trickery by the mind parasite that is 
Wetiko and the foundation of all its potential for manipulation. 


If we open our hearts, open the sluice gates of the mind, and 
redefine self-identity amazing things start to happen. Consciousness 
expands or contracts in accordance with self-identity. When true self 
is recognised as infinite awareness and label self — Phantom Self — is 
seen as only a series of brief experiences life is transformed. 
Consciousness expands to the extent that self-identity expands and 
everything changes. You see unity, not division, the picture, not the 
pixels. From this we can play the long game. No more is an 
experience something in and of itself, but a fleeting moment in the 
eternity of forever. Suddenly people in uniform and dark suits are no 
longer intimidating. Doing what your heart knows to be right is no 
longer intimidating and consequences for those actions take on the 
same nature of a brief experience that passes in the blink of an 
infinite eye. Intimidation is all in the mind. Beyond the mind there is 
no intimidation. 


An open heart does not consider consequences for what it knows 
to be right. To do so would be to consider not doing what it knows to 
be right and for a heart in its power that is never an option. The 
Renegade Mind is really the Renegade Heart. Consideration of 
consequences will always provide a getaway car for the mind and 


the heart doesn’t want one. What is right in the light of what we face 
today is to stop cooperating with Wetiko in all its forms and to do it 
without fear or compromise. You cannot compromise with tyranny 
when tyranny always demands more until it has everything. Life is 
your perception and you are your destiny. Change your perception 
and you change your life. Change collective perception and we 
change the world. 

Come on people ... One human family, One heart, One goal ... 
FREEEEEEDOM! 

We must settle for nothing less. 


he big scare story as the book goes to press is the ‘Indian’ 

variant and the world is being deluged with propaganda about 
the ‘Covid catastrophe’ in India which mirrors in its lies and 
misrepresentations what happened in Italy before the first lockdown 
in 2020. 


The New York Post published a picture of someone who had 
‘collapsed in the street from Covid’ in India in April, 2021, which 
was actually taken during a gas leak in May, 2020. Same old, same 
old. Media articles in mid-February were asking why India had been 
so untouched by ‘Covid’ and then as their vaccine rollout gathered 
pace the alleged ‘cases’ began to rapidly increase. Indian ‘Covid 
vaccine’ maker Bharat Biotech was funded into existence by the Bill 
and Melinda Gates Foundation (the pair announced their divorce in 
May, 2021, which is a pity because they so deserve each other). The 
Indian ‘Covid crisis’ was ramped up by the media to terrify the 
world and prepare people for submission to still more restrictions. 
The scam that worked the first time was being repeated only with far 
more people seeing through the deceit. Davidicke.com and 
Ickonic.com have sought to tell the true story of what is happening 
by talking to people living through the Indian nightmare which has 
nothing to do with ‘Covid’. We posted a letter from ‘Alisha’ in Pune 
who told a very different story to government and media mendacity. 
She said scenes of dying people and overwhelmed hospitals were 
designed to hide what was really happening — genocide and 
starvation. Alisha said that millions had already died of starvation 
during the ongoing lockdowns while government and media were 
lying and making it look like the ‘virus’: 


Restaurants, shops, gyms, theatres, basically everything is shut. The cities are ghost towns. 
Even so-called ‘essential’ businesses are only open till 11am in the morning. You basically 
have just an hour to buy food and then your time is up. 


Inter-state travel and even inter-district travel is banned. The cops wait at all major crossroads 
to question why you are traveling outdoors or to fine you if you are not wearing a mask. 


The medical community here is also complicit in genocide, lying about hospitals being full 
and turning away people with genuine illnesses, who need immediate care. They have even 
created a shortage of oxygen cylinders. 


This is the classic Cult modus operandi played out in every country. 
Alisha said that people who would not have a PCR test not testing 
for the ‘virus’ were being denied hospital treatment. She said the 
people hit hardest were migrant workers and those in rural areas. 
Most businesses employed migrant workers and with everything 
closed there were no jobs, no income and no food. As a result 
millions were dying of starvation or malnutrition. All this was 
happening under Prime Minister Narendra Modi, a 100-percent 
asset of the Cult, and it emphasises yet again the scale of pure anti- 
human evil we are dealing with. Australia banned its people from 
returning home from India with penalties for trying to do so of up to 
five years in jail and a fine of £37,000. The manufactured ‘Covid’ 
crisis in India was being prepared to justify further fascism in the 
West. Obvious connections could be seen between the Indian 
‘vaccine’ programme and increased ‘cases’ and this became a 
common theme. The Seychelles, the most per capita ‘Covid 
vaccinated’ population in the world, went back into lockdown after a 
‘surge of cases’. 


Long ago the truly evil Monsanto agricultural biotechnology 
corporation with its big connections to Bill Gates devastated Indian 
farming with genetically-modified crops. Human rights activist 
Gurcharan Singh highlighted the efforts by the Indian government 
to complete the job by destroying the food supply to hundreds of 
millions with ‘Covid’ lockdowns. He said that 415 million people at 
the bottom of the disgusting caste system (still going whatever they 
say) were below the poverty line and struggled to feed themselves 
every year. Now the government was imposing lockdown at just the 


time to destroy the harvest. This deliberate policy was leading to 
mass starvation. People may reel back at the suggestion that a 
government would do that, but Wetiko-controlled ‘leaders’ are 
capable of any level of evil. In fact what is described in India is in the 
process of being instigated worldwide. The food chain and food 
supply are being targeted at every level to cause world hunger and 
thus control. Bill Gates is not the biggest owner of farmland in 
America for no reason and destroying access to food aids both the 
depopulation agenda and the plan for synthetic ‘food’ already being 
funded into existence by Gates. Add to this the coming hyper- 
inflation from the suicidal creation of fake ‘money’ in response to 
‘Covid’ and the breakdown of container shipping systems and you 
have a cocktail that can only lead one way and is meant to. The Cult 
plan is to crash the entire system to ‘build back better’ with the Great 
Reset. 


‘Vaccine’ transmission 

Reports from all over the world continue to emerge of women 
suffering menstrual and fertility problems after having the fake 
‘vaccine’ and of the non-’vaccinated’ having similar problems when 
interacting with the ‘vaccinated’. There are far too many for 
‘coincidence’ to be credible. We’ve had menopausal women getting 
periods, others having periods stop or not stopping for weeks, 
passing clots, sometimes the lining of the uterus, breast 
irregularities, and miscarriages (which increased by 400 percent in 
parts of the United States). Non-‘vaccinated’ men and children have 
suffered blood clots and nose bleeding after interaction with the 
‘vaccinated’. Babies have died from the effects of breast milk from a 
‘vaccinated’ mother. Awake doctors — the small minority — 
speculated on the cause of non-’vaccinated’ suffering the same 
effects as the ‘vaccinated’. Was it nanotechnology in the synthetic 
substance transmitting frequencies or was it a straight chemical 
bioweapon that was being transmitted between people? I am not 
saying that some kind of chemical transmission is not one possible 
answer, but the foundation of all that the Cult does is frequency and 


this is fertile ground for understanding how transmission can 
happen. American doctor Carrie Madej, an internal medicine 
physician and osteopath, has been practicing for the last 20 years, 
teaching medical students, and she says attending different meetings 
where the agenda for humanity was discussed. Madej, who operates 
out of Georgia, did not dismiss other possible forms of transmission, 
but she focused on frequency in search of an explanation for 
transmission. She said the Moderna and Pfizer ‘vaccines’ contained 
nano-lipid particles as a key component. This was a brand new 
technology never before used on humanity. “They’re using a 
nanotechnology which is pretty much little tiny computer bits ... 
nanobots or hydrogel.’ Inside the ‘vaccines’ was ‘this sci-fi kind of 
substance’ which suppressed immune checkpoints to get into the 
cell. I referred to this earlier as the “Trojan horse’ technique that 
tricks the cell into opening a gateway for the self-replicating 
synthetic material and while the immune system is artificially 
suppressed the body has no defences. Madej said the substance 
served many purposes including an on-demand ability to ‘deliver 
the payload’ and using the nano ‘computer bits’ as biosensors in the 
body. ‘It actually has the ability to accumulate data from your body, 
like your breathing, your respiration, thoughts, emotions, all kinds 
of things.’ 

She said the technology obviously has the ability to operate 
through Wi-Fi and transmit and receive energy, messages, 
frequencies or impulses. ‘Just imagine you're getting this new 
substance in you and it can react to things all around you, the 5G, 
your smart device, your phones.’ We had something completely 
foreign in the human body that had never been launched large scale 
at a time when we were seeing 5G going into schools and hospitals 
(plus the Musk satellites) and she believed the ‘vaccine’ transmission 
had something to do with this: ‘... if these people have this inside of 
them ... it can act like an antenna and actually transmit it outwardly 
as well.’ The synthetic substance produced its own voltage and so it 
could have that kind of effect. This fits with my own contention that 
the nano receiver-transmitters are designed to connect people to the 


Smart Grid and break the receiver-transmitter connection to 
expanded consciousness. That would explain the French energy 
healer’s experience of the disconnection of body from ‘soul’ with 
those who have had the ‘vaccine’. The nanobots, self-replicating 
inside the body, would also transmit the synthetic frequency which 
could be picked up through close interaction by those who have not 
been ‘vaccinated’. Madej speculated that perhaps it was 5G and 
increased levels of other radiation that was causing the symptoms 
directly although interestingly she said that non-‘vaccinated’ 
patients had shown improvement when they were away from the 
‘vaccinated’ person they had interacted with. It must be remembered 
that you can control frequency and energy with your mind and you 
can consciously create energetic barriers or bubbles with the mind to 
stop damaging frequencies from penetrating your field. American 
paediatrician Dr Larry Palevsky said the ‘vaccine’ was not a ‘vaccine’ 
and was never designed to protect from a ‘viral’ infection. He called 
it ‘a massive, brilliant propaganda of genocide’ because they didn’t 
have to inject everyone to get the result they wanted. He said the 
content of the jabs was able to infuse any material into the brain, 
heart, lungs, kidneys, liver, sperm and female productive system. 
‘This is genocide; this is a weapon of mass destruction.’ At the same 
time American colleges were banning students from attending if 
they didn’t have this life-changing and potentially life-ending 
‘vaccine’. Class action lawsuits must follow when the consequences 
of this college fascism come to light. As the book was going to press 
came reports about fertility effects on sperm in ‘vaccinated’ men 
which would absolutely fit with what I have been saying and 
hospitals continued to fill with ‘vaccine’ reactions. Another question 
is what about transmission via blood transfusions? The NHS has 
extended blood donation restrictions from seven days after a ‘Covid 
vaccination’ to 28 days after even a sore arm reaction. 

I said in the spring of 2020 that the then touted ‘Covid vaccine’ 
would be ongoing each year like the flu jab. A year later Pfizer CEO, 
the appalling Albert Bourla, said people would ‘likely’ need a 
‘booster dose’ of the ‘vaccine’ within 12 months of getting ‘fully 


vaccinated’ and then a yearly shot. “Variants will play a key role’, he 
said confirming the point. Johnson & Johnson CEO Alex Gorsky also 
took time out from his ‘vaccine’ disaster to say that people may need 
to be vaccinated against ‘Covid-19% each year. UK Health Secretary, 
the psychopath Matt Hancock, said additional ‘boosters’ would be 
available in the autumn of 2021. This is the trap of the ‘vaccine 
passport’. The public will have to accept every last ‘vaccine’ they 
introduce, including for the fake ‘variants’, or it would cease to be 
valid. The only other way in some cases would be continuous testing 
with a test not testing for the ‘virus’ and what is on the swabs 
constantly pushed up your noise towards the brain every time? 


‘Vaccines’ changing behaviour 

I mentioned in the body of the book how I believed we would see 
gathering behaviour changes in the ‘vaccinated’ and I am already 
hearing such comments from the non-‘vaccinated’ describing 
behaviour changes in friends, loved ones and work colleagues. This 
will only increase as the self-replicating synthetic material and 
nanoparticles expand in body and brain. An article in the Guardian in 
2016 detailed research at the University of Virginia in Charlottesville 
which developed a new method for controlling brain circuits 
associated with complex animal behaviour. The method, dubbed 
‘magnetogenetics’, involves genetically-engineering a protein called 
ferritin, which stores and releases iron, to create a magnetised 
substance — ‘Magneto’ — that can activate specific groups of nerve 
cells from a distance. This is claimed to be an advance on other 
methods of brain activity manipulation known as optogenetics and 
chemogenetics (the Cult has been developing methods of brain 
control for a long time). The ferritin technique is said to be non- 
invasive and able to activate neurons ‘rapidly and reversibly’. In 
other words, human thought and perception. The article said that 
earlier studies revealed how nerve cell proteins ‘activated by heat 
and mechanical pressure can be genetically engineered so that they 
become sensitive to radio waves and magnetic fields, by attaching 
them to an iron-storing protein called ferritin, or to inorganic 


paramagnetic particles’. Sensitive to radio waves and magnetic 
fields? You mean like 5G, 6G and 7G? This is the human-AI Smart 
Grid hive mind we are talking about. The Guardian article said: 


... the researchers injected Magneto into the striatum of freely behaving mice, a deep brain 
structure containing dopamine-producing neurons that are involved in reward and motivation, 
and then placed the animals into an apparatus split into magnetised and non-magnetised 
sections. 


Mice expressing Magneto spent far more time in the magnetised areas than mice that did not, 
because activation of the protein caused the striatal neurons expressing it to release 
dopamine, so that the mice found being in those areas rewarding. This shows that Magneto 
can remotely control the firing of neurons deep within the brain, and also control complex 
behaviours. 


Make no mistake this basic methodology will be part of the ‘Covid 
vaccine’ cocktail and using magnetics to change brain function 
through electromagnetic field frequency activation. The Pentagon is 
developing a ‘Covid vaccine’ using ferritin. Magnetics would explain 
changes in behaviour and why videos are appearing across the 
Internet as I write showing how magnets stick to the skin at the 
point of the ‘vaccine’ shot. Once people take these ‘vaccines’ 
anything becomes possible in terms of brain function and illness 
which will be blamed on ‘Covid-19 and ‘variants’. Magnetic field 
manipulation would further explain why the non-‘vaccinated’ are 
reporting the same symptoms as the ‘vaccinated’ they interact with 
and why those symptoms are reported to decrease when not in their 
company. Interestingly ‘Magneto’, a ‘mutant’, is a character in the 
Marvel Comic X-Men stories with the ability to manipulate magnetic 
fields and he believes that mutants should fight back against their 
human oppressors by any means necessary. The character was born 
Erik Lehnsherr to a Jewish family in Germany. 


Cult-controlled courts 

The European Court of Human Rights opened the door for 
mandatory ‘Covid-19 vaccines’ across the continent when it ruled in 
a Czech Republic dispute over childhood immunisation that legally 


enforced vaccination could be ‘necessary in a democratic society’. 
The 17 judges decided that compulsory vaccinations did not breach 
human rights law. On the face of it the judgement was so inverted 
you gasp for air. If not having a vaccine infused into your body is not 
a human right then what is? Ah, but they said human rights law 
which has been specifically written to delete all human rights at the 
behest of the state (the Cult). Article 8 of the European Convention 
on Human Rights relates to the right to a private life. The crucial 
word here is ‘except’: 


There shall be no interference by a public authority with the exercise of this right EXCEPT 
such as is in accordance with the law and is necessary in a democratic society in the interests 
of national security, public safety or the economic wellbeing of the country, for the prevention 
of disorder or crime, for the protection of health or morals, or for the protection of the rights 
and freedoms of others [My emphasis]. 


No interference except in accordance with the law means there are no 
‘human rights’ except what EU governments decide you can have at 
their behest. ‘As is necessary in a democratic society’ explains that 
reference in the judgement and ‘in the interests of national security, 
public safety or the economic well-being of the country, for the 
prevention of disorder or crime, for the protection of health or 
morals, or for the protection of the rights and freedoms of others’ 
gives the EU a coach and horses to ride through ‘human rights’ and 
scatter them in all directions. The judiciary is not a check and 
balance on government extremism; it is a vehicle to enforce it. This 
judgement was almost laughably predictable when the last thing the 
Cult wanted was a decision that went against mandatory 
vaccination. Judges rule over and over again to benefit the system of 
which they are a part. Vaccination disputes that come before them 
are invariably delivered in favour of doctors and authorities 
representing the view of the state which owns the judiciary. Oh, yes, 
and we have even had calls to stop putting ‘Covid-19’ on death 
certificates within 28 days of a ‘positive test’ because it is claimed the 
practice makes the ‘vaccine’ appear not to work. They are laughing 
at you. 


The scale of madness, inhumanity and things to come was 
highlighted when those not ‘vaccinated’ for “‘Covid’ were refused 
evacuation from the Caribbean island of St Vincent during massive 
volcanic eruptions. Cruise ships taking residents to the safety of 
another island allowed only the ‘vaccinated’ to board and the rest 
were left to their fate. Even in life and death situations like this we 
see ‘Covid’ stripping people of their most basic human instincts and 
the insanity is even more extreme when you think that fake 
‘vaccine’-makers are not even claiming their body-manipulating 
concoctions stop ‘infection’ and ‘transmission’ of a ‘virus’ that 
doesn’t exist. St Vincent Prime Minister Ralph Gonsalves said: ‘The 
chief medical officer will be identifying the persons already 
vaccinated so that we can get them on the ship.’ Note again the 
power of the chief medical officer who, like Whitty in the UK, will be 
answering to the World Health Organization. This is the Cult 
network structure that has overridden politicians who ‘follow the 
science’ which means doing what WHO-controlled ‘medical officers’ 
and ‘science advisers’ tell them. Gonsalves even said that residents 
who were ‘vaccinated’ after the order so they could board the ships 
would still be refused entry due to possible side effects such as 
‘wooziness in the head’. The good news is that if they were woozy 
enough in the head they could qualify to be prime minister of St 
Vincent. 


Microchipping freedom 

The European judgement will be used at some point to justify moves 
to enforce the ‘Covid’ DNA-manipulating procedure. Sandra Ro, 
CEO of the Global Blockchain Business Council, told a World 
Economic Forum event that she hoped ‘vaccine passports’ would 
help to ‘drive forced consent and standardisation’ of global digital 
identity schemes: ‘I’m hoping with the desire and global demand for 
some sort of vaccine passport — so that people can get travelling and 
working again — [it] will drive forced consent, standardisation, and 
frankly, cooperation across the world.’ The lady is either not very 
bright, or thoroughly mendacious, to use the term ‘forced consent’. 


You do not ‘consent’ if you are forced — you submit. She was 
describing what the plan has been all along and that’s to enforce a 
digital identity on every human without which they could not 
function. ‘Vaccine passports’ are opening the door and are far from 
the end goal. A digital identity would allow you to be tracked in 
everything you do in cyberspace and this is the same technique used 
by Cult-owned China to enforce its social credit system of total 
control. The ultimate ‘passport’ is planned to be a microchip as my 
books have warned for nearly 30 years. Those nice people at the 
Pentagon working for the Cult-controlled Defense Advanced 
Research Projects Agency (DARPA) claimed in April, 2021, they 
have developed a microchip inserted under the skin to detect 
‘asymptomatic Covid-19 infection’ before it becomes an outbreak 
and a ‘revolutionary filter’ that can remove the ‘virus’ from the 
blood when attached to a dialysis machine. The only problems with 
this are that the ‘virus’ does not exist and people transmitting the 
‘virus’ with no symptoms is brain-numbing bullshit. This is, of 
course, not a ruse to get people to be microchipped for very different 
reasons. DARPA also said it was producing a one-stop ‘vaccine’ for 
the ‘virus’ and all ‘variants’. One of the most sinister organisations 
on Planet Earth is doing this? Better have it then. These people are 
insane because Wetiko that possesses them is insane. 


Researchers from the Salk Institute in California announced they 
have created an embryo that is part human and part monkey. My 
books going back to the 1990s have exposed experiments in top 
secret underground facilities in the United States where humans are 
being crossed with animal and non-human ‘extraterrestrial’ species. 
They are now easing that long-developed capability into the public 
arena and there is much more to come given we are dealing with 
psychiatric basket cases. Talking of which — Elon Musk’s scientists at 
Neuralink trained a monkey to play Pong and other puzzles on a 
computer screen using a joystick and when the monkey made the 
correct move a metal tube squirted banana smoothie into his mouth 
which is the basic technique for training humans into unquestioning 
compliance. Two Neuralink chips were in the monkey’s skull and 


more than 2,000 wires ‘fanned out’ into its brain. Eventually the 
monkey played a video game purely with its brain waves. 
Psychopathic narcissist Musk said the ‘breakthrough’ was a step 
towards putting Neuralink chips into human skulls and merging 
minds with artificial intelligence. Exactly. This man is so dark and 
Cult to his DNA. 


World Economic Fascism (WEF) 

The World Economic Forum is telling you the plan by the statements 
made at its many and various events. Cult-owned fascist YouTube 
CEO Susan Wojcicki spoke at the 2021 WEF Global Technology 
Governance Summit (see the name) in which 40 governments and 
150 companies met to ensure ‘the responsible design and 
deployment of emerging technologies’. Orwellian translation: 
‘Ensuring the design and deployment of long-planned technologies 
will advance the Cult agenda for control and censorship.’ Freedom- 
destroyer and Nuremberg-bound Wojcicki expressed support for 
tech platforms like hers to censor content that is ‘technically legal but 
could be harmful’. Who decides what is ‘harmful’? She does and 
they do. ‘Harmful’ will be whatever the Cult doesn’t want people to 
see and we have legislation proposed by the UK government that 
would censor content on the basis of ‘harm’ no matter if the 
information is fair, legal and provably true. Make that especially if it 
is fair, legal and provably true. Wojcicki called for a global coalition 
to be formed to enforce content moderation standards through 
automated censorship. This is a woman and mega-censor So self- 
deluded that she shamelessly accepted a ‘free expression’ award — 
Wojcicki — in an event sponsored by her own YouTube. They have no 
shame and no self-awareness. 


You know that ‘Covid’ is a scam and Wojcicki a Cult operative 
when YouTube is censoring medical and scientific opinion purely on 
the grounds of whether it supports or opposes the Cult ‘Covid’ 
narrative. Florida governor Ron DeSantis compiled an expert panel 
with four professors of medicine from Harvard, Oxford, and 
Stanford Universities who spoke against forcing children and 


vaccinated people to wear masks. They also said there was no proof 
that lockdowns reduced spread or death rates of ‘Covid-19’. Cult- 
gofer Wojcicki and her YouTube deleted the panel video ‘because it 
included content that contradicts the consensus of local and global 
health authorities regarding the efficacy of masks to prevent the 
spread of Covid-19’. This ‘consensus’ refers to what the Cult tells the 
World Health Organization to say and the WHO tells ‘local health 
authorities’ to do. Wojcicki knows this, of course. The panellists 
pointed out that censorship of scientific debate was responsible for 
deaths from many causes, but Wojcicki couldn't care less. She would 
not dare go against what she is told and as a disgrace to humanity 
she wouldn't want to anyway. The UK government is seeking to pass 
a fascist ‘Online Safety Bill’ to specifically target with massive fines 
and other means non-censored video and social media platforms to 
make them censor ‘lawful but harmful’ content like the Cult-owned 
Facebook, Twitter, Google and YouTube. What is ‘lawful but 
harmful’ would be decided by the fascist Blair-created Ofcom. 


Another WEF obsession is a cyber-attack on the financial system 
and this is clearly what the Cult has planned to take down the bank 
accounts of everyone — except theirs. Those that think they have 
enough money for the Cult agenda not to matter to them have got a 
big lesson coming if they continue to ignore what is staring them in 
the face. The World Economic Forum, funded by Gates and fronted 
by Klaus Schwab, announced it would be running a ‘simulation’ 
with the Russian government and global banks of just such an attack 
called Cyber Polygon 2021. What they simulate — as with the ‘Covid’ 
Event 201 — they plan to instigate. The WEF is involved in a project 
with the Cult-owned Carnegie Endowment for International Peace 
called the WEF-Carnegie Cyber Policy Initiative which seeks to 
merge Wall Street banks, ‘regulators’ (I love it) and intelligence 
agencies to ‘prevent’ (arrange and allow) a cyber-attack that would 
bring down the global financial system as long planned by those that 
control the WEF and the Carnegie operation. The Carnegie 
Endowment for International Peace sent an instruction to First World 


War US President Woodrow Wilson not to let the war end before 
society had been irreversibly transformed. 


The Wuhan lab diversion 

As I close, the Cult-controlled authorities and lapdog media are 
systematically pushing ‘the virus was released from the Wuhan lab’ 
narrative. There are two versions — it happened by accident and it 
happened on purpose. Both are nonsense. The perceived existence of 
the never-shown-to-exist ‘virus’ is vital to sell the impression that 
there is actually an infective agent to deal with and to allow the 
endless potential for terrifying the population with ‘variants’ of a 
‘virus’ that does not exist. The authorities at the time of writing are 
going with the ‘by accident’ while the alternative media is 
promoting the ‘on purpose’. Cable news host Tucker Carlson who 
has questioned aspects of lockdown and ‘vaccine’ compulsion has 
bought the Wuhan lab story. ‘Everyone now agrees’ he said. Well, I 
don’t and many others don’t and the question is why does the system 
and its media suddenly ‘agree’? When the media moves as one unit 
with a narrative it is always a lie — witness the hour by hour 
mendacity of the ‘Covid’ era. Why would this Cult-owned 
combination which has unleashed lies like machine gun fire 
suddenly ‘agree’ to tell the truth?? 

Much of the alternative media is buying the lie because it fits the 
conspiracy narrative, but it’s the wrong conspiracy. The real 
conspiracy is that there is no virus and that is what the Cult is 
desperate to hide. The idea that the ‘virus’ was released by accident 
is ludicrous when the whole ‘Covid’ hoax was clearly long-planned 
and waiting to be played out as it was so fast in accordance with the 
Rockefeller document and Event 201. So they prepared everything in 
detail over decades and then sat around strumming their fingers 
waiting for an ‘accidental’ release from a bio-lab? What?? It’s crazy. 
Then there’s the ‘on purpose’ claim. You want to circulate a ‘deadly 
virus’ and hide the fact that you’ve done so and you release it down 
the street from the highest-level bio-lab in China? I repeat — What? ? 


You would release it far from that lab to stop any association being 
made. But, no, we’ll do it in a place where the connection was certain 
to be made. Why would you need to scam ‘cases’ and ‘deaths’ and 
pay hospitals to diagnose ‘Covid-19’ if you had a real ‘virus’? What 
are sections of the alternative media doing believing this crap? 
Where were all the mass deaths in Wuhan from a ‘deadly pathogen’ 
when the recovery to normal life after the initial propaganda was 
dramatic in speed? Why isn’t the ‘deadly pathogen’ now circulating 
all over China with bodies in the street? Once again we have the 
technique of tell them what they want to hear and they will likely 
believe it. The alternative media has its ‘conspiracy’ and with 
Carlson it fits with his ‘China is the danger’ narrative over years. 
China is a danger as a global Cult operations centre, but not for this 
reason. The Wuhan lab story also has the potential to instigate 
conflict with China when at some stage the plan is to trigger a 
Problem-Reaction-Solution confrontation with the West. Question 
everything — everything — and especially when the media agrees on a 
common party line. 


Third wave ... fourth wave ... fifth wave... 

As the book went into production the world was being set up for 
more lockdowns and a ‘third wave’ supported by invented ‘variants’ 
that were increasing all the time and will continue to do so in public 
statements and computer programs, but not in reality. India became 
the new Italy in the ‘Covid’ propaganda campaign and we were told 
to be frightened of the new ‘Indian strain’. Somehow I couldn’t find 
it within myself to do so. A document produced for the UK 
government entitled ‘Summary of further modelling of easing of 
restrictions — Roadmap Step 2’ declared that a third wave was 
inevitable (of course when it’s in the script) and it would be the fault 
of children and those who refuse the health-destroying fake ‘Covid 
vaccine’. One of the computer models involved came from the Cult- 
owned Imperial College and the other from Warwick University 
which I wouldn't trust to tell me the date in a calendar factory. The 
document states that both models presumed extremely high uptake 


of the ‘Covid vaccines’ and didn’t allow for ‘variants’. The document 
states: ‘The resurgence is a result of some people (mostly children) 
being ineligible for vaccination; others choosing not to receive the 
vaccine; and others being vaccinated but not perfectly protected.’ 
The mendacity takes the breath away. Okay, blame those with a 
brain who won't take the DNA-modifying shots and put more 
pressure on children to have it as ‘trials’ were underway involving 
children as young as six months with parents who give insanity a 
bad name. Massive pressure is being put on the young to have the 
fake ‘vaccine’ and child age consent limits have been systematically 
lowered around the world to stop parents intervening. Most 
extraordinary about the document was its claim that the ‘third wave’ 
would be driven by ‘the resurgence in both hospitalisations and 
deaths ... dominated by those that have received two doses of the vaccine, 
comprising around 60-70% of the wave respectively’. The predicted 
peak of the ‘third wave’ suggested 300 deaths per day with 250 of 
them fully ‘vaccinated’ people. How many more lies do acquiescers 
need to be told before they see the obvious? Those who took the jab 
to ‘protect themselves’ are projected to be those who mostly get sick 
and die? So what's in the ‘vaccine’? The document went on: 


It is possible that a summer of low prevalence could be followed by substantial increases in 
incidence over the following autumn and winter. Low prevalence in late summer should not 
be taken as an indication that SARS-CoV-2 has retreated or that the population has high 
enough levels of immunity to prevent another wave. 


They are telling you the script and while many British people 
believed ‘Covid’ restrictions would end in the summer of 2021 the 
government was preparing for them to be ongoing. Authorities were 
awarding contracts for ‘Covid marshals’ to police the restrictions 
with contracts starting in July, 2021, and going through to January 
31st, 2022, and the government was advertising for ‘Media Buying 
Services’ to secure media propaganda slots worth a potential £320 
million for ‘Covid-19 campaigns’ with a contract not ending until 
March, 2022. The recipient — via a list of other front companies — was 
reported to be American media marketing giant Omnicom Group 


Inc. While money is no object for “‘Covid’ the UK waiting list for all 
other treatment — including life-threatening conditions — passed 4.5 
million. Meantime the Cult is seeking to control all official ‘inquiries’ 
to block revelations about what has really been happening and why. 
It must not be allowed to — we need Nuremberg jury trials in every 
country. The cover-up doesn’t get more obvious than appointing 
ultra-Zionist professor Philip Zelikow to oversee two dozen US 
virologists, public health officials, clinicians, former government 
officials and four American ‘charitable foundations’ to ‘learn the 
lessons’ of the ‘Covid’ debacle. The personnel will be those that 
created and perpetuated the ‘Covid’ lies while Zelikow is the former 
executive director of the 9/11 Commission who ensured that the 
truth about those attacks never came out and produced a report that 
must be among the most mendacious and manipulative documents 
ever written — see The Trigger for the detailed exposure of the almost 
unimaginable 9/11 story in which Sabbatians can be found at every 
level. 


Passive no more 

People are increasingly challenging the authorities with amazing 
numbers of people taking to the streets in London well beyond the 
ability of the Face-Nappies to stop them. Instead the Nappies choose 
situations away from the mass crowds to target, intimidate, and seek 
to promote the impression of ‘violent protestors’. One such incident 
happened in London’s Hyde Park. Hundreds of thousands walking 
through the streets in protest against ‘Covid’ fascism were ignored 
by the Cult-owned BBC and most of the rest of the mainstream 
media, but they delighted in reporting how police were injured in 
‘clashes with protestors’. The truth was that a group of people 
gathered in Hyde Park at the end of one march when most had gone 
home and they were peacefully having a good time with music and 
chat. Face-Nappies who couldn’t deal with the full-march crowd 
then waded in with their batons and got more than they bargained 
for. Instead of just standing for this criminal brutality the crowd 
used their numerical superiority to push the Face-Nappies out of the 


park. Eventually the Nappies turned and ran. Unfortunately two or 
three idiots in the crowd threw drink cans striking two officers 
which gave the media and the government the image they wanted to 
discredit the 99.9999 percent who were peaceful. The idiots walked 
straight into the trap and we must always be aware of potential 
agent provocateurs used by the authorities to discredit their targets. 


This response from the crowd — the can people apart — must be a 
turning point when the public no longer stand by while the innocent 
are arrested and brutally attacked by the Face-Nappies. That doesn’t 
mean to be violent, that’s the last thing we need. We'll leave the 
violence to the Face-Nappies and government. But it does mean that 
when the Face-Nappies use violence against peaceful people the 
numerical superiority is employed to stop them and make citizen’s 
arrests or Common Law arrests for a breach of the peace. The time 
for being passive in the face of fascism is over. 


We are the many, they are the few, and we need to make that count 
before there is no freedom left and our children and grandchildren 
face an ongoing fascist nightmare. 


COME ON PEOPLE - IT’S TIME. 


One final thought ... 


The power of love 
A force from above 
Cleaning my soul 
Flame on burn desire 
Love with tongues of fire 
Purge the soul 
Make love your goal 


I’ll protect you from the hooded claw 
Keep the vampires from your door 
When the chips are down I'll be around 
With my undying, death-defying 
Love for you 


Envy will hurt itself 
Let yourself be beautiful 
Sparkling love, flowers 
And pearls and pretty girls 
Love is like an energy 
Rushin’ rushin’ inside of me 


This time we go sublime 
Lovers entwine, divine, divine, 
Love is danger, love is pleasure 
Love is pure — the only treasure 


I’m so in love with you 
Purge the soul 
Make love your goal 


The power of love 
A force from above 
Cleaning my soul 
The power of love 
A force from above 
A sky-scraping dove 


Flame on burn desire 
Love with tongues of fire 
Purge the soul 
Make love your goal 


Frankie Goes To Hollywood 


APPENDIX 


Isolation: The action of isolating; the fact or condition of being 
isolated or standing alone; separation from other things or persons; 
solitariness 
Oxford English Dictionary 


he controversy over whether the SARS-CoV-2 virus has ever 

been isolated or purified continues. However, using the above 
definition, common sense, the laws of logic and the dictates of 
science, any unbiased person must come to the conclusion that the 
SARS-CoV-2 virus has never been isolated or purified. As a result, no 
confirmation of the virus’ existence can be found. The logical, 
common sense, and scientific consequences of this fact are: 


e the structure and composition of something not shown to exist 
can’t be known, including the presence, structure, and function of 
any hypothetical spike or other proteins; 

e the genetic sequence of something that has never been found can’t 
be known; 


e “variants” of something that hasn’t been shown to exist can’t be 
known; 


e it’s impossible to demonstrate that SARS-CoV-2 causes a disease 
called Covid-19. 


In as concise terms as possible, here’s the proper way to isolate, 
characterize and demonstrate a new virus. First, one takes samples 
(blood, sputum, secretions) from many people (e.g. 500) with 
symptoms which are unique and specific enough to characterize an 
illness. Without mixing these samples with ANY tissue or products 
that also contain genetic material, the virologist macerates, filters 
and ultracentrifuges i.e. purifies the specimen. This common virology 
technique, done for decades to isolate bacteriophages! and so-called 
giant viruses in every virology lab, then allows the virologist to 
demonstrate with electron microscopy thousands of identically sized 
and shaped particles. These particles are the isolated and purified 
virus. 


These identical particles are then checked for uniformity by 
physical and/or microscopic techniques. Once the purity is 
determined, the particles may be further characterized. This would 
include examining the structure, morphology, and chemical 
composition of the particles. Next, their genetic makeup is 
characterized by extracting the genetic material directly from the 
purified particles and using genetic-sequencing techniques, such as 
Sanger sequencing, that have also been around for decades. Then 
one does an analysis to confirm that these uniform particles are 
exogenous (outside) in origin as a virus is conceptualized to be, and 
not the normal breakdown products of dead and dying tissues.” (As 
of May 2020, we know that virologists have no way to determine 
whether the particles they’re seeing are viruses or just normal break- 


down products of dead and dying tissues.)° 


1 Isolation, characterization and analysis of bacteriophages from the haloalkaline lake Elmenteita, 
KenyaJuliah Khayeli AKhwale et al, PLOS One, Published: April 25, 2019. 
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.d215734 — accessed 2/15/21 


2 "Extracellular Vesicles Derived From Apoptotic Cells: An Essential Link Between Death and 
Regeneration,” Maojiao Lil et al, Frontiers in Cell and Developmental Biology, 2020 October 2. 
https://wwwfrontiersin.org/articles/10.3389/fcell.2020.573511/full — accessed 2/15/21 


3 "The Role of Extraellular Vesicles as Allies of HIV, HCV and SARS Viruses,” Flavia Giannessi, et al, 
Viruses, 2020 May 


If we have come this far then we have fully isolated, characterized, 
and genetically sequenced an exogenous virus particle. However, we 
still have to show it is causally related to a disease. This is carried 
out by exposing a group of healthy subjects (animals are usually 
used) to this isolated, purified virus in the manner in which the 
disease is thought to be transmitted. If the animals get sick with the 
same disease, as confirmed by clinical and autopsy findings, one has 
now shown that the virus actually causes a disease. This 
demonstrates infectivity and transmission of an infectious agent. 


None of these steps has even been attempted with the SARS-CoV-2 
virus, nor have all these steps been successfully performed for any 
so-called pathogenic virus. Our research indicates that a single study 
showing these steps does not exist in the medical literature. 


Instead, since 1954, virologists have taken unpurified samples 
from a relatively few people, often less than ten, with a similar 
disease. They then minimally process this sample and inoculate this 
unpurified sample onto tissue culture containing usually four to six 
other types of material — all of which contain identical genetic 
material as to what is called a “virus.” The tissue culture is starved 
and poisoned and naturally disintegrates into many types of 
particles, some of which contain genetic material. Against all 
common sense, logic, use of the English language and scientific 
integrity, this process is called “virus isolation.” This brew 
containing fragments of genetic material from many sources is then 
subjected to genetic analysis, which then creates in a computer- 
simulation process the alleged sequence of the alleged virus, a so 
called in silico genome. At no time is an actual virus confirmed by 
electron microscopy. At no time is a genome extracted and 
sequenced from an actual virus. This is scientific fraud. 


The observation that the unpurified specimen — inoculated onto 
tissue culture along with toxic antibiotics, bovine fetal tissue, 
amniotic fluid and other tissues — destroys the kidney tissue onto 
which it is inoculated is given as evidence of the virus’ existence and 
pathogenicity. This is scientific fraud. 


From now on, when anyone gives you a paper that suggests the 
SARS-CoV-2 virus has been isolated, please check the methods 
sections. If the researchers used Vero cells or any other culture 
method, you know that their process was not isolation. You will hear 
the following excuses for why actual isolation isn’t done: 


1. There were not enough virus particles found in samples from patients to analyze. 


2. Viruses are intracellular parasites; they can’t be found outside the cell in this manner. 


If No. 1 is correct, and we can’t find the virus in the sputum of sick 
people, then on what evidence do we think the virus is dangerous or 
even lethal? If No. 2 is correct, then how is the virus spread from 
person to person? We are told it emerges from the cell to infect 
others. Then why isn’t it possible to find it? 


Finally, questioning these virology techniques and conclusions is 
not some distraction or divisive issue. Shining the light on this truth 
is essential to stop this terrible fraud that humanity is confronting. 
For, as we now know, if the virus has never been isolated, sequenced 
or shown to cause illness, if the virus is imaginary, then why are we 
wearing masks, social distancing and putting the whole world into 
prison? 


Finally, if pathogenic viruses don’t exist, then what is going into 
those injectable devices erroneously called “vaccines,” and what is 
their purpose? This scientific question is the most urgent and 
relevant one of our time. 


We are correct. The SARS-CoV? virus does not exist. 


Sally Fallon Morell, MA 
Dr. Thomas Cowan, MD 
Dr. Andrew Kaufman, MD 
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Ickonic is something that has been a dream of mine for the last 5 years. 
growing up around alternative information | have always had a natural interest 
in what is going on in the World and what could | do to make it better. 

Across the range of subjects and positions of influence occupied mainly by 
people who don't strive to make things better it's the Media that | have always 
found the most frustrating and fascinating. Mainly because if the Media did their 
Jobs properly then so much of the negative things happening in the World 
simply would not be able to happen, because they would be exposed within a 
heartbeat. 

Free Press and the Opportunities that the internet could have given would mean 
that the Media are able to expose things like never before and hold people to 
account for their actions. As we all know there are ‘Untouchables’ that walk 
among us, people the Media simply won't touch, expose or investigate and that 
leads to the dark underworlds that infest the establishment the World over. 
Well | say enough, it’s time for something different, a different kind of Media, 
where no one is off limits from exposing and investigating. All we're interested 
in at Ickonic is the truth of what is really going on in the World on whichever 
subject we're covering. 

We hope you enjoy what we have created and take something away from the 
platform. we aim to deliver information that's informative and most importantly 
self-empowering. you're not a little person, you're part of something much 
bigger than that and its time we as a collective race began to understand that 
and look to the future as ours to take. 


It's time... 


Jaymie Icke - Founder Ickonic Alternative Media. 


SIGN UP NOW AT ICKONIC.COM 


DAVID ICKE 


THE ANSWER 


THE ANSWER 


anh 


We live in extraordinary times with billions bewildered and seeking answers for what 
is happening. David Icke, the man who has been proved right again and again, has 
spent 30 years uncovering the truth behind world affairs and in a stream of previous 
books he predicted current events. 


The Answer will change your every perception of life and the world and set you free of 


the illusions that control human society, There is nothing more vital for our collective 
freedom than humanity becoming aware of what is in this book 


Available now at davidicke.com. 
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DAVIDICKE.COM 


DAVID ICKE STORE 
LATEST NEWS ARTICLES 
DAVID ICKE VIDEOS 
WEEKLY DOT-CONNECTOR PODCASTS 
LIVE EVENTS 
WWW.DAVIDICKE.COM 


THE LIFE STORY OF DAVID ICKE 


RENEGADE 


/‘rent gerd/ THE FEATURE LENGTH FILM 


noun 
A person who behaves in a rebelliously unconventional manner. 


AVAILABLE NOW AT DAVIDICKE.COM 
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Before you go... 


For more detail, background and evidence about the subjects in 
Perceptions of a Renegade Mind — and so much more — see my 
others books including And The Truth Shall Set You Free; The 
Biggest Secret; Children of the Matrix; The David Icke Guide to the 
Global Conspiracy; Tales from the Time Loop; The Perception 
Deception; Remember Who You Are; Human Race Get Off Your 
Knees; Phantom Self; Everything You Need To Know But Have Never 
Been Told, The Trigger and The Answer. 


You can subscribe to the fantastic new Ickonic media platform 
where there are many hundreds of hours of cutting-edge 
information in videos, documentaries and series across a whole 
range of subjects which are added to every week. This includes 
my 90 minute breakdown of the week’s news every Friday to 
explain why events are happening and to what end. 


